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ADVANCES IN MENINGIOMA DIAGNOSIS AND TREATMENT:
A COMPREHENSIVE REVIEW

Dipak Chaulagain? 2
Talal-Abad International University, Jalal-Abad, Kyrgyzstan
2Uzhhorod National University, Uzhhorod, Ukraine

Abstract

Meningiomas, the most prevalent primary intracranial tumors, account for over one-third
of brain neoplasms. Though often benign, their diagnosis and treatment are complex due
to variability in clinical presentation, anatomical location, and biological behavior. This
review examines cutting-edge diagnostic tools, including MRI, PET, and molecular profiling,
alongsidetreatment modalities such as surgery,radiotherapy,and emergingtargeted therapies.
We address challenges in managing atypical and malignant meningiomas, emphasizing
recurrence and resistance to conventional approaches. The integration of multidisciplinary
strategies and future research directions, including immunotherapy and precision medicine,
are highlighted as critical for improving patient outcomes.

Keywords: Meningioma, diagnosis, treatment, surgery, radiotherapy

AOCTUXEHUA B ANATHOCTUKE U IEYEHUUN MEHUHTUOM:
BCECTOPOHHUWN OB30P

Ourmaxk Yaymarans b2
UTxkanan-A6amckuii MeskxmyHapoaHblii YHUBepcuTeT, kanan-A6a, KbipreizcraHn
Yyskropopackuit HayoHanbHbI YHUBEPCUTET, YKTOpo, YKpanHa

AHHoTanua

MeHUHTMOMBI, Hambosee paclpoCTpaHeHHble IepPBUYHbIE BHYTpUUEpPEIHbIe OITyXOJH,
COCTaBJISIIOT GoJiee TpeTu HOBOOOGpa3oBaHMIA Mo3ra. XOTSI OHM 4acTo J0OpOKauecTBEHHbIE,
X JOMATHOCTMKA U JieueHMe CJIOKHbI M3-32 BapMabeTbHOCTM KIMHUUYECKON KapTUHBI,
AHATOMMYECKOTO pacCIlONIOKeHMsT ¥ OGMOJIOrMYecKoro IoBedeHMs. B 3Tom o0630pe
paccMaTpUBaIOTCS TepefoBble NUMAarHOCTUYECKMe MHCTPYMeHTbI, Bkawoudas MPT, TI9T un
MOJIeKy/sSipHOe TpoduaMpoBaHue, HaApsSAy C TaKMMU MeTO#amMu jiedeHUsl, KaK XUPYpPTus,
Jy4yeBasl Tepamnusi ¥ HOBble TapreTHble METOHbl JedeHusl. Mbl paccMaTpuBaeM ITpo6ieMbl
B JIEUEHUM ATUIIMYHBIX U 3J7I0KAUYEeCTBEHHBbIX MEHMHIMOM, TOAUEPKUBAsl pPelUAUBBI U
YCTOMUMBOCTD K TPAAUIMOHHBIM MOAXoAaM. MHTerpauyss MeXaUCLUIVIMHAPHBIX CTpaTerni
M OyoylmMx HarpaB/IeHUI MCCIeOBaHMIA, BKIHOUAss MMMYHOTEpAuio U TPelny3MOHHYIO
MeIULVHY, IOAYePKMBAETCS KaK KPUTUUECKM BasKHAS IJ15 YIyULIeHUSI Pe3yAbTaTOB JIeYeHUS
MaleHTOoB.

KnroueBbie cmoBa: MeHI/IHI‘I/IOMa, AVMATrHOCTUKA, IEYE€HNE, XUPYPINA, TydeBasd Tepann.
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Introduction

Meningiomas arise from arachnoid cap cells in the meninges and constitute approximately
36% of primary intracranial tumors [1]. The World Health Organization (WHO) classifies them
into Grade I (benign), Grade II (atypical), and Grade III (malignant) based on histopathological
and molecular features, with recurrence risk escalating across grades [2]. Often asymptomatic
and detected incidentally via imaging, meningiomas can also present with seizures, focal
deficits, or intracranial hypertension, necessitating intervention. Advances in diagnostic
imaging and molecular understanding have refined detection and prognosis, while treatment
options—ranging from observation to surgery and novel therapies—continue to evolve. This
review comprehensively explores these advancements, focusing on diagnostic precision and
therapeutic innovation.

Comprehensive Review
Literature Review

Epidemiology and Risk Factors

Meningiomas predominantly affect adults, with incidence peaking between 60 and 70
years and a notable female predominance (2:1), potentially linked to hormonal influences
like progesterone receptor expression [3]. lonizing radiation, a well-established risk factor,
increases incidence decades after exposure, as seen in atomic bomb survivors and patients
treated with cranial irradiation [4]. Neurofibromatosis type 2 (NF2), caused by mutations in
the NF2 gene on chromosome 22, predisposes individuals to multiple meningiomas, often
presenting in younger patients [5]. Emerging research also explores obesity, diabetes,and head
trauma as potential contributors, though causality remains debated [1]. Environmental and
genetic interactions likely underpin meningioma etiology, warranting further longitudinal
studies.

Diagnostic Advances

Neuroimaging drives meningioma diagnosis, with MRI as the cornerstone due to its ability
to delineate tumor margins, dural attachment, and edema. Typical features include a
homogeneous, contrast-enhancing mass, often with a “dural tail” sign [6]. Advanced MRI
techniques—diffusion-weighted imaging (DWI), perfusion imaging, and magnetic resonance
spectroscopy—enhance differentiation of tumor grade by assessing cellularity, vascularity,
and metabolic profiles [5]. For example, lower apparent diffusion coefficient (ADC) values on
DWI correlate with higher-grade meningiomas due to increased cellular density [6].

Positron emission tomography (PET) with somatostatin receptor ligands (e.g., 68Ga-
DOTATATE) has emerged as a powerful adjunct, particularly for skull base meningiomas or
post-treatment evaluation, distinguishing tumor from scar tissue with high specificity [7].
Histopathology, guided by the 2021 WHO classification, remains definitive, incorporating
molecular markers like TERT promoter mutations, CDKN2A/B deletions, and SMARCE1
alterations to predict aggressive behavior [2]. Liquid biopsies detecting circulating tumor
DNA are under investigation, offering a non-invasive diagnostic frontier [8].

Treatment Modalities

Management hinges on tumor characteristics and patient health. Asymptomatic Grade I
meningiomas, often incidental, may be monitored with serial imaging, as growth rates are
typically slow (0.5-2 mm/year) [4]. Symptomatic or enlarging tumors usually require surgery,
aiming for Simpson Grade I resection (complete tumor and dural removal), which minimizes
recurrence to less than 10% at 10 years [5]. However, locations near critical structures—e.g.,
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cavernous sinus or optic chiasm—often preclude total resection, necessitating subtotal
approaches (Simpson Grade I1I-1V) with higher recurrence rates [9].

Radiotherapy complements surgery, particularly for Grade II/III or inoperable tumors.
Stereotactic radiosurgery (SRS) delivers precise, high-dose radiation, achieving 90-95%
control for small Grade I meningiomas, while fractionated radiotherapy suits larger lesions
near eloquent areas [9]. Adjuvant radiotherapy post-resection reduces recurrence in atypical
meningiomas, though survival benefits in malignant cases remain modest [10].

Systemic therapies have historically lagged, with chemotherapy (e.g., hydroxyurea,
temozolomide) yielding limited responses [11]. However, molecular advances are reshaping
this landscape. Somatostatin receptor expression has spurred trials of analogs like octreotide,
with variable efficacy [12]. Angiogenesis inhibitors (e.g., bevacizumab) target VEGF in
recurrent meningiomas, stabilizing disease in small cohorts [13]. Inmunotherapy, including
PD-1/PD-L1 inhibitors, is being explored for high-mutation-burden tumors, with early-phase
trials showing promise [8] mTOR inhibitors like everolimus also target the PI3K/AKT pathway,
offering a precision medicine approach [11].

Discussion

The evolution of meningioma diagnosis reflects a synergy of imaging and molecular science.
MRI’s precision, augmented by DWI and PET, allows earlier detection and grade prediction, yet
challenges persist in distinguishing benign from malignant tumors preoperatively. Molecular
profiling, integrating TERT mutations and other markers, enhances prognostic accuracy but
requires broader clinical adoption and cost reduction [2]. Disparities in access to advanced
diagnostics, especially in resource-limited regions, further complicate equitable care [7].

Surgery remains the gold standard for symptomatic meningiomas, yet recurrence—30-40%
for Grade II and 50-80% for Grade III—underscores its limitations [5]. Intraoperative
technologies like fluorescence-guided resection (e.g., 5-ALA) and neuronavigation improve
extent of resection, particularly in eloquent areas, but their availability is not universal [6].
Radiotherapy’s role has solidified, with SRS offering excellent control for small tumors,
though long-term risks like secondary malignancies or neurocognitive decline warrant
caution, especially in younger patients [10].

Systemic therapy’s slow progress reflects meningiomas’ molecular heterogeneity. While
bevacizumab and mTOR inhibitors show potential, their efficacy is confined to subsets of
patients, highlighting the need for biomarker-driven trials [11,13].Immunotherapy’s successin
other cancers fuels optimism, but meningiomas’ low mutational burden may limit checkpoint
inhibitor efficacy, necessitating combination strategies [8]. Skull base meningiomas exemplify
treatment dilemmas, balancing tumor control with cranial nerve preservation—often best
achieved via subtotal resection plus SRS [9].

Patient-specific factors, including age, comorbidities, and tumor biology, increasingly
guide management. Elderly patients with incidental meningiomas may benefit more from
observation than aggressive intervention, while younger patients with NF2-associated tumors
require lifelong surveillance [4]. Psychosocial support and shared decision-making are vital,
particularly for asymptomatic cases where “watchful waiting” may provoke anxiety [1].

Future advances hinge on integrating diagnostics and therapeutics. Artificial intelligence (AI)
could refine imaging interpretation, predicting tumor behavior from radiographic features,
while gene-editing technologies like CRISPR may target NF2 mutations [6]. Collaborative
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registries and international trials will accelerate these innovations, addressing gaps in rare
Grade III meningioma management.

Conclusion

Meningiomas exemplify the intersection of diagnostic sophistication and therapeutic
challenge. Advances in MRI, PET, and molecular profiling have sharpened diagnostic
precision, while surgery and radiotherapy remain foundational treatments. Emerging
therapies—targeting somatostatin receptors, angiogenesis, and immune checkpoints—signal
a shift toward personalized care, though their full potential awaits rigorous validation.
Multidisciplinary collaboration is essential to navigate meningiomas’ complexity, particularly
for recurrent or malignant subtypes. Future research must prioritize accessible diagnostics,
novel therapeutics, and patient-centered outcomes to transform meningioma management
in the coming decades.
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OCOBEHHOCTUN ®U3UYECKOIO PA3BUTUA TYBUHOULIMPOBAHHBLIX OETEN U
NOoAPOCTKOB B BO3PACTE 6-15 JIET (XKAJIANN-ABAICKAA OBJIACTb)

CanpipoBa Hyprynb AnpiirasmueBHal
'k.M.H. XKanayn-A6aacKoro MeXIyHapOIHOTO YHUBEPCUTETA, I. XKanman-Abazd KbipreiscraH

AuHoTauua

OueHka nokasartesneii GuU3MUeCKOro pa3BUTHS JleTeli U MOAPOCTKOB, SIBJISIETCSI OCHOBHBIM
KpUTepyueM OLIeHKM 310POBbi. BakHeMM 371eMeHTOM MOHUTOPUHIA COCTOSTHUS 30POBbS
MIO/IPACTAIOIIEero MTOKOJIEHUS SIBJISIeTCSl HabMoIeHe 32 pOCTOM M pa3BUTMEM ITOAPOCTKOB,
CTOSIIIIMX Ha ITopore B3pociioi xku3uu. B LlenTpanbHO A3un y Kelprbi3cTaHa OYeHb BbICOKME
1oKasarey 3aboeBaeMocTy TyoepKysme3om Ha 100 Teic. HaceneHus. CrpaHa Ha 50% o6rousieT
Tamkukucran u Ha 76% — Kazaxcrad. [To gaHHbIM HaioHanbHOro 1ieHTpa QTU3MaTpun,
B 2023 romy B KbIpreiacTaHe HaOII0IaJIOCh CHISKEHME 3a00/1eBAeMOCTM TyOepKy/lIe30M I10
CpaBHEHUIO C TpeabIayIMMu rogamu. B 2023 romy cHusmaach 3a60/1eBaeMOCTb TyOEpKyJ1e30M
cpenu peteil, coctaBuB 11,9 Ha 100 Tbic. Hacenenus (B 2022 romy — 14,5 Ha 100 TbIC.
HaceneHus1). YpOBeHb 3260/IeBa€MOCTH TyOEpKy/Ie30M Cpeiy IMOAPOCTKOB 3a IMPOIIIbIN TO
HEMHOTO IOBbICMIICS U cocTaBui 41,2 Ha 100 Teic. Hacenenud (B 2022 rogy — 29,8 Ha 100 ThIc.
HacejeHusl).

KinoueBbie cioBa: (usnueckoe pasBuTue, TyOMHPUIMpPOBAHHBIE [EeTH, TyOepKy/es,
310pOBbe, IeTU

FEATURES OF PHYSICAL DEVELOPMENT OF TUBERCULOSIS-INFECTED
CHILDREN AND ADOLESCENTS AGED 6-15 YEARS (JALAL-ABAD REGION)

Sadyrova Nurgul Adylgazievna!
'Ph.D. Jalal-Abad International University Kyrgyzstan, Jalal-Abad

Abstract

Evaluation of physical development indicators of children and adolescents is the main criterion
for assessing health. The most important element of monitoring the health of the younger
generation is monitoring the growth and development of adolescents who are on the threshold of
adulthood. In Central Asia, Kyrgyzstan has very high rates of tuberculosis per 100,000 population.
The country is 50% higher than Tajikistan and 76% higher than Kazakhstan. According to the
National Center for Pathobiology, in 2023, Kyrgyzstan saw a decrease in tuberculosis incidence
compared to previous years. In 2023, the incidence of tuberculosis among children decreased,
amounting to 11.9 per 100 thousand population (in 2022 - 14.5 per 100 thousand population).
The incidence rate of tuberculosis among adolescents increased slightly last year and amounted
to 41.2 per 100 thousand population (in 2022 - 29.8 per 100 thousand population).

Keywords: physical development, tuberculosis infected children, tuberculosis, health,
children
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Hennp
CpaBHMUTe/IbHAS OLEHKA M aHalu3 BIAMSHUS MHOUIIMPOBAHHOCTM TyOepKylie3oM Ha
0COOEHHOCTY (PU3MUECKOTO Pa3BUTHS IETEN U IMOIPOCTKOB.

C menbio U3ydyeHUs ocobeHHOCTel MOPOOPYHKIMOHAIBHOTO Pa3BUTHUS IeTe, TPOBeIeHO
CpaBHUTEJIbHOE WCCIeNOBaHMe aHTPOIIOMETPUUYECKUX TIIoKa3arenein y 322 gerei u
TTOAPOCTKOB B BO3pacTe OT 6 110 15 JIeT, COCTOSIIMX HAa AMCIIAHCEPHOM yueTe, 1 261 3I0pOBBIX
neteit (KOHTpoibHasl Tpymra). [IpoBenéH c6op MepBUUYHOTO MaTepuana, GopMuUpoBaHME
QHATUTUYECKUX TaOINII, CTaTUCTUIECKast 00paboTKa JaHHBIX M aHA/IN3 Pe3y/IbTaTOB.

BBenenue

IeTu ¥ MOAPOCTKM - 3TO OCHOBHASI MHAMKATOPHAs TPyIia HaceJeHUsl, OCTPO pearupymooiiast
Ha HeOnarompusTHble (aKTopbl OKpyxkatoiieii cpeabl [O.A. ByroBa u coaBT., 1998; A.A.
bapaHos, 1998; 1999; C.I. KpuBomexkos u coast., 2000; 3.M. Ka3uH u coasT., 2006], B TOM
YlCc/ie Ha pacIpocTpaHeHne MHPEeKINN.

OCOOEHHOCTBI0O COBPEMEHHOJ CAaHUTAPHO-IMUIEMUOIOTMUECKO CUTyaluu, SIBJISIETCS
TIOBBIIIEHME YPOBHS 3abosieBaeMoOCT Ha (PoHe pocTa MHOUIIMPOBAHHOCTHU, BBISBJISEMOIL
yXe B MJIaJlleM JOIIKOJIbHOM M IWIKOAbHOM Bo3pacrax [M.A. CupeHko u coasTt., 2004; A.®.
CrykasioB u coaBT., 2007; X.H. Xanadan, 2013].

®usnueckoe passutue (OP) meTeli n MOAPOCTKOB —3TO YHUKAJIbHBIN KPUTEPUIT 3I0POBbS,
KOTOpBI TO3BOJISIET OI€HUTh, KaK IJIoOajbHble M3MEHEeHUSI OMONIOrMUYecKoit IPUPOIbI
pa3BUTUS YelIOBeKa, TaK U ObICTPOTEeUHbIe M3MeHeHUs B Momy/siuu [1].

MeTonpl M3ydeHUs] HU3NYECKOTO Pas3BUTUS Yy JeTeil BKIIOUAIOT: M3MEpPEeHMe pa3MepoB
M Macchl Tena (AHTPOIIOMETPUSI WMIM TIeAOMEeTpUs), OCMOTP U OIMCaHMe IPU3HAKOB
TEJOCTIOKEeHMSI ¥ BHEIIHEero o06/MKa (COMAaTOCKOIMMS), AMHAMOMETPHIO, MCCIeIOBaHMe
busuyeckoit paboTOCIIOCOOHOCTY C TIOMOIIIBIO CTEI-TeCTa U BEJIOSPTOMETPUN.

[nunHy Teya, MacCy Teja, OKPY>KHOCTb TPYIHON KJIeTKM (TOTaJlbHble pa3Mepbl) CYUTAIOTCS
Haubojee CyIIeCTBEHHBIMM MEIMKO-COLMAJbHBIMM ¥  CAHUTAPHO-TUTMEHUYECKUMU
ToKa3aTeJIsIMI, [0 KOTOPbIM B OIIpeie/IeHHOM Mepe MOKHO CYOUTb KaK O IOJI0XKUTEIbHOM, TaK
1 00 OTpUIIATEIbHOM BIMUSIHUM 3a00/1€Ba€MOCTH, YCIOBUIA JKMU3HU, ¥ (AKTOPOB OKpY>KalolIein
Cpenbl Ha OPraHM3M pacTyllero ¥ pa3sBuBalolerocs yeaoseka [2, 3].

Tyb6epkyrnes y neTeii, IpoTeKaeT, Kak XpoHMUecKoe MHGEeKIIMOHHOe 3abo/ieBaHNe, TeueHne u
MCXOJl, KOTOPOTO B GOJIBINION CTEIeH! 3aBUCUT OT COTIPOTUBIISIEMOCTH JIETCKOTO Opranusma [4].

B pa6otrax E.A.ApkuH [5] ykasbiBas, 4TO TyOGepKy/ie3Hasi MHTOKCUKALVS TPeICTaBsieT
coboit yactyio ¢dopmy 3abosneBaHust. Y meTeit ¢ TyOepKy/lie30M 3TOT BUJ, MHTOKCUKAIUK
XapaKTepPU3yeTCs LeJIbIM PSIIOM IIPOSIBJIEHMI, KOTOPbIE B JOIIKOIbHBIE TOAbI CKIAAbIBAIOTCS
B OIpelleJIEHHYI0 KIMHUYECKYI KapTuHy. OCHOBHbIE UepThbl 3TOV KapTMHBI COCTABJISIIOT:
OTCTaBaHMEe B POCTe UM OCOOEHHO B Bece; IOTepsl almeTuTa; AJIMHHAs, y3Kas, IIocKas
Tpydb; yBeIMUYeHMEe U YIUIOTHeHMe JuM@aTUUeCcKMUX >Kele3; HepBHAas BO30YIMMOCTb,
YYBCTBUTEIBHOCTD, OBICTPAST YTOMJIIEMOCTD, TOJIOBHbIE O0JIV; TTIOBBILIEHNE TEMITEPATYPhI 10
37-37,4 TpagycoB; MOJIOKUTEIbHBbIE TyOEePKY/IMHOBbIE peaKIVi; YMEHbIIEeHHOe KOJIMYEeCTBO
reMoOIIO6MHA ¥ KPAaCHBIX KPOBSIHBIX IIAPUKOB [6)].

[IpoBemeHO  CpaBHUTENbHOE  MCCAENOBaHME  AHTPONIOMETPUUYECKMX  IIOKa3aTeseil
TyOMHUIMPOBAHHBIX 322 meTeli U TOAPOCTKOB (54,7% OT 0011IeT0 Uncia AeTeit), COCTOSIINX
Ha JucraHcepHoM ydeTe B JKaman-A6amckom 06/1aCTHOM IieHTpe 60pbObI C TyOepKy/Ie30M
umenn P.I. bayspa”.
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[To mepe B3powieHMs MHPUIMPOBAHHOCTh TYOEPKYJIe30M HeTeii cHukaetcs. Hambosbias
MHQULMPOBAHHOCTh OTMeUaeTcsl cpeayu aeTeit 6-8 neT. YoenbHbIi BeC MHGUIIMPOBAHHBIX
JIeTeil 3TOro Bo3pacra Bapbupyet ot 13,7+2,1% (8 net) mo 19,9+2,2% y pnereit 6 u 7 ner.
Haumnnast ¢ 11-yieTHero Bo3pacrta, MHGUIIMPOBAHHOCTD IMOJIPOCTKOB CHIDKAETCSI M HAXOIUTCS
IIPMMEPHO Ha OOMHAKOBOM YPOBHE.

e Tabnuya 1 — IMTonoso3pacmuoe pacnpedeneHue demeti, COCMOSAWUX HA OUCNAHCEPHOM yueme 8
JKanan-Ab6adckom obnacmHom yeHmpe 60pv0bl ¢ mydepkynezom umenu P.I. bayapa

MasibumKu HeBOUKM Bcero

N Bospacr abc. unceio y,z];eerb(}oZI i abc. uncio yieejzb(};)l it abc. uncio y’ieejzb(};/:)l i
1. 6 ner 29 19,1 35 20,6 64 19,9
2. 7 net 32 21,1 32 18,8 64 19,9
3. 8 ner 20 13,2 24 14,1 44 13,7
4. 9 ner 9 5,9 13 7,6 22 6,8
5. 10 net 15 9,9 18 10,6 33 10,2
6. 11 ner 9 5,9 8 4,7 17 5,3
7. 12 net 11 7,2 9 5,3 20 6,2
8. 13 ner 9 5,9 14 8,2 23 7,1
9. 14 ner 10 6,5 9 5,3 19 5,9
10. 15 ner 8 5,2 8 4,7 19 5,9
11. Utoro 152 100,0 170 100,0 322 100,0

Ins ynobcTBa aHain3a MHOUIIMPOBAHHBIX TYOepKy/Ie30M JIeTU pasie/ieHbl Ha BO3pacTHbIe
rpyribl (pucl).

Ot ob1ero unciia 06caeIOBaHHbBIX AETeN U IMTOAPOCTKOB 47,2%2,8% CcOCTaB/SIIOT MaJIbUMKIU U
52,8+2,8% neBouku. Bce obcmemoBaHHbIe IeTH ObLIM ITOApa3aeaeHbl Ha 4 PYIIIbI.

53,5 52,8
53.3
. 60,0 47,2
E 50,0
22,9
ﬁ 40,0
13,5
s & 300- 21.7 as 10
i .
20,0+ L
10,0
P
0:0 T T T T T 1
or6 go 8 9-11 neTt 12-13 net 14-15 neTt BCero
nert
‘ H Marb4YuKn OEeBOMKN ‘

Puc. 1. Tlonoso3pacmHoie 2pynnsl UHQUUUPOBAHHBIX MybepKyne30m demeli
JKanan-Ab6adckozo 061acmuozo ueHmpa 60pv0sl ¢ mybepKynie3oMm.
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[TepBast Bo3pacTHas rpymma — TyouHGuUIMpoBaHHbIe geTu 6-8 yeT (Maabunku — 53,3+2 8%
u neBouku — 53,5+2,8%). Bropas Bo3spacTHas rpymrma - 9-11 get (Manpunku — 21,7%2,3%,
IeBOuYkMu — 22,9%2,3%). TpeTbsi Bo3pacTHas rpynna - 12-13 ger (manpumku — 13,2+1,8%,
neBouky — 13,5%1,9%). UeTBepTasi Bo3pacTHas rpymmna - 14-15 net (manpumku — 11,8+1,8%,
neBouky — 10,0+1,7%).

AHanM3 rapMOHMYHOCTM (PU3MUECKOTO PasBUTHUS IPOBOAMJICS TIO pe3ylabTaTaM OLIEHKMU
METOIOM CUTMaJIbHbIX OTK/JIOHeHMii. Macca Tena y 6-8-JleTHUX TyOMH(DUIMPOBAHHBIX
MaJIbuMKOB (Tabsm. 2) Komebaercst ot 17 go 30 Kr, cpemunii Bec paBeH 22,0+3,8 kr. BeamunHa
(baKkTMIECKOTO OTKJIIOHEHUS OT -5 10 +8 KI, CUTMaJIbHbIX OTKJIOHeHui1 ot -1,7 go +2,8.

e Tabnuya 2 - CpasHumensvHslli AHAIU3 2APMOHUUHOCMU PA38UMusl
MmyObuHpUUUPOBAHHBIX MANTBLUUKOS 6-8 siem

Manbunku «JI» JKanan-A6amckuit OLIBcT

Ne IToka3zaTenb
Macca Tena HnuHa Tena OI'K
1. | UnpmBuUAyanbHbI IOKa3aTelb oT 17 no 30 kr ot 115 1o 136 cm oT 52 10 63 cM
M 22,0+3,8 118,4%3,6 55,9%2,2
2. | CraHm. mokasaTenib
o 2’9 4,4 4’8

or—-3,4cmpo +12,6 oT — 3 cM 1o +5,0

3. | BenmumunHa ¢aKkTMUeCKOTO OTKJIOHEHHUS | OT - 5 KT 10 +8 KT oM oM

4. | BenuuuHa CUrMaJIbHOTO OTK/IOHEHUSI or-1,7 o +2,8 or-1,0 mo +4 or-1,31m0+1,5

BenuumHa curMaabHbIX OTKIOHeHMi1 oT -1,0 go +1,5.

W3 puc. 2 BuaHO, uTo 40,7% MaJbuMKOB 6-8 JIeT MMesv CPeHIo Maccy Tena. Hu3kyo maccy, oueHb
HM3KYIO Maccy Tesna umes 40,7% MaabunKoB. VI30bITOUHYI0 Maccy Tejia umMen 9,9% neTeii.

41,9
Oxwanan-Abag, N pocT ™ rmacca OrkK
40 -
35 o
e 30
i s -
=
7 19,7 19,7
;ﬁ: 20 +
>
15 -
10 -
5 3 7 3,7 3,7 3 7 2,4
0 1
o -3,0 o +1,5 +3

Puc. 2. YoenwvHolii 8ec (%) aHau3a 2apMoHUYHOCMU my6qu)uuupoeaHHblx
6-8-1emuux ManpvuuxKos

18] (® ejsmr.org Vol. 1 Issue 12025



e MeduyuHckue HayKu

EXXHMU

e Tabauya 3 - AHanu3 2apMoHU4YHOCMU pa3sumus degouexk 6-8 em

Ne JKanman-A6anmckuit OLIBcT
ITokasarenb
il Macca Tena IlyivHa Tena OTK
1. | InpuBuOyanbHbBINM IOKa3aTelb ot 18 o 30 kr or 110 1o 133 cm ot 45 1o 65 cm
2. CraHg. moka3saTeb M 20,3%£39 117,3%6,8 51,339
N 3,8 5,3 4,4
3. BenmunHa pakTMUeCcKoro OT = 2,3 KT 10 49,7 KT or-"7,3cmpgo +15,7 | or-6,3 cm mo +13,7
OTKJIOHEHMSI cM cM
4. | BenmnuuHa curmasibHOro 0T-3,8 10 +2,5 0T -5,2 110 +2,9 oT- 3,9 10 +3,1
OTKJIOHEHUSI

*[IpumeuaHrue — M — cpedHsAs 8eNUUUHA, 0 — CPeOHEK8AdpaAmMu4ecKkoe 0mKaOHeHUe.

[To OIK, 54,2% neTeit, Meny y3KOTPYAOCTb U BbIpasKeHHYIO Y3KOTIPyAOCTb, ¥ 30,8% mereit
OTK 6bu1a cpenmHeii 1160 HIKe cpeHeli. iMmenu MMpoKorpyaocTs 6,1% meteii.

PesynbTaTbl  CBUAETEJbCTBYOT O  JUCTADMOHMYHOCTM  (U3MUUECKOTO  pa3BUTHUS
TyOMHPUUMPOBaHHBIX AeTeit B JKaman-A6amckoii o61acT M pasHATCS IO CPaBHEHUIO C
IaHHBIMY LIeHTUIbHBIX WKaJ B. O. beikosa (2004) [7]

Cpenumii mokasarenb OI'K mast meBouek - 51,3+3,9 u 61,0¥1,4 ¢ mOCTOBEPHOCTBIO t=2,3
@aKTMYECKUM OTKJIOHEHUeM — 2,3 ¢cM 1 +9,7 cMm. BennumHa curMagbHbIX OTKJIOHEHMIA OT -
3,96 no +3,1c. 13 uncia ob6ciemoBaHHBIX TYOMHGUIIMPOBAHHBIX eBoUeK 6-8 JieT 1Mo Macce
tena, 49,4% umenu M * 1o, 6,6% M +-1,3¢ (HmsKe cpenHeir), 30,7% - 2,8c (meduummt macchbl
Tena) u 6,6% -3,8c (BbIpaskeHHbIV medUIIUT Macchl Tena). 2,2% +1,2c u 4,4% +2,8c BbIIIe
cpemHei v M30BITOUHYIO MacCCy Tesa.

ITo pocty, 50,5% o06C/IemoBaHHBIX AEeBOUEK JAHHOTO Bo3pacta — uMmenu M * 1o (cpemHee
pasButHe pocra),8,7% - 1,2c (H1Ke cpenHero), 4,4% - 1,5¢ (Huskwmit), 2,2% - 0o 5,2¢ (o4eHb
HU3KUI pocT) u 13,2% +1,20 (BbIlIe cpenHero), 11,0% +2,36 (BbICOKMIA pocT) 1 okoio 10% (9
IeBoueK) +2,96 (0ueHb BbICOKMUI POCT).

InstoieHKY G13MYecKOro pa3BUTUSI TYOMHOUIIPOBAHHbIX IeTelt, TIPOBeeHO CPaBHUTEIbHOE
uccaeqo0BaHue aHTPOIIOMETPUYeCKIUX IToKasaTesnei (Tabt. 4).

e Tabnuya 4 - CpasHumenbHas OUeHKAa Gu3uueckozo pazsumust 603paAcmHbIX
2pynn 300p08bix U MYOUHGUUUPOBAHHbIX demeti

Ne Bos- qMCH? Macca Tena, Kr InuHa Tena, cM OIK, cm
o | pact, Ip. | AeTen
TroAdbl M ﬂ M ,H. M ,H, M ,Z[
+ +
K 44| 16| 2404384 | 2420424 | 1319722 | 131523 | ) 2in 1 A | 61,7433 AA
Ll oeg AA AA
O | 81|91 22,0+£3,8 20,3%+3,9 118,4%3,6 117,3%6,8 55,9%2,2 51,3+3,9
i .
) 911 K | 43|46 32,4%3,0 32,0%£2,9 137£2,2 A | 138,7%2,2 A 67£3,0 A L7 A2’8 A;
O [33]39 30,9+3,6 | 33,0+2,9A | 132,429 | 134,4*25A 62,6%2,2 63,8+3 2
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+
K | 51|26 36,8+3,0A | 38,932 | 146,5¢2,2 A 148,5%2,3 71,0£2,8 AA | 70,0£3,0 AA
3. | 12-13 AA
0O |20(23| 32,0822,5 | 31,4%2,9 | 143,5+25 | 141,5%2,9 | 62,325 63,5+1,6

+
4. | 14-15 AA

O | 18|17 | 42,8+2,2 |[50,9+1,94 | 153,6+2,0 | 154,2%1,9 | 75,7%1,9 72,6%1,4

160,6+2,5 77,8%2,9 78,1%2,8A

Ipumeuarue - A - p<0,05; AA- p<0,01; AAA -p<0,001 cpasH-e K ¢ O epynnoii no nono- 8o3pacmy cpedu 00HO020
pezuoHa. A - p<0,05; A A - p<0,01; A A A - p<0,001 cpasre K c O epynnoti no nony u eo3pacmy mexdy 2-ms
pezuona, K — konmponvHas epynna (30opossie demu); O - onsimHas epynna (myburguyuposartsie demu).

B I rpymnrie - (6-8-1eTHUX) geTel 110 MOJ0BO NPUHALJIEKHOCTU UMEIOTCS HIKe CIeAylole
IOCTOBEPHBIE PasiMums: Cpeau IeTeil TIPU CpaBHEHUM KOHTPOJIbHOM C OMBITHOM T'PYIIION,
KaK Yy MaJbuMKOB, TaK U Yy I€BOUYEK MMeeTCs NOCTOBepHble pasnanuusi: MT KOHTPOIbHOI
rpyImnsl geteit ot 2 1o 4 kr (p<0,05), AT y manbunkoB (M) - Ha 13,5 cm u y meBouek (II) —
Ha 14,2 cm (p<0,01), OTKy M - Ha 6,4 cm u [T — Ha 10,4 cm (p<0,05; p<0,01) 605bI111e, YEM B
OIBITHO¥ I'pyIIIIE.

Bo II rpymre (9-11 net) umenuch fOCTOBEPHbIE pa3INuMs IIPU CPABHEHUU C KOHTPOJILHOM
IPyInoi, B KOHTpobHOV rpyrrie 1o T u OKI, kak y Ma/JibuMKOB, TaK U Y IeBOYEK UMEIOT
nocroBepHble pasanuus (AT - Ha 4,6 cm u 4,3 cm; OKT — Ha - 4,4 cM U 7,9 CM y MaJIbYMKOB U
IeBOYEK, COOTBETCTBEHHO 0OJIbIlle, UeM B OIBITHOM rpyrre (p<0,05).

B IIl rpynme geteit (12-13 ieT npu aHa/in3e IoKa3aTeseil B KOHTPOJIbHOV M ONIBITHOM IPyIIIiax
y manbunkoB MT Ha 4,8 kr (p<0,05), T Ha 3 cm (p<0,05) 1 OTK Ha 8,7 cMm (p<0,01), y meBouex
B/JIT Ha 7 cm 1 OT'K Ha 6,5 cm (p<0,01) 607blile, UeM B OTIBITHO TPYIITIE.

3aKkaoueHue

dusuyeckoe pasBuUTHE TYOMHPUUIMPOBAHHBIX [eTeii UM TOAPOCTKOB B CpPaBHEHUM CO
3[0POBBIMMU BBISIBUJIM JOCTOBEPHbBIE pa3anuus Mo MOpPOPYHKIMOHATbHBIM ITOKa3aTe IsIM.
Y HUX OTMeualoTCsl 3a7iepskka (pu3MUecKoro pa3BUTHSI, O YeEM CBUAETEIbCTBYIOT OCHOBHbBIE
AHTPOIIOMETpPUUYECKME IlapaMeTphbl (OJMHA M Macca Teja), a TakKkKe IpeobiagaeT
IVCTapMOHMYHBIN U pe3KO AMCrapMOHUYHBIN BapMaHTbl Pa3BUTHUS He3aBUCMMO OT I10jia U
MeCTO MPOKMBAHMS.

V Ty6uHQUIIMPOBAHHbIX JIeTelt 1 O POCTKOB BbISIBIEHO CHIKEHMEe OCHOBHBIX MTapaMeTpOB
(bu3nueckoro pa3BUTHS IO CPABHEHUIO C KOHTPOJIEM — AJIMHBI M MacCChl Tela, OKPY>KHOCTU
TPYIOHOM KIETKU. Y 6-8-IeTHUX TYOMHOUIIMPOBAHHBIX JleTelt He3aBUCUMO OT mosia nmo OTK
MMeITCcs JocToBepHbIe pasanuus (p<0,05). B 60/bIIMHCTBE M3yUeHHbIN e TCKMUI KOHTMHTEeHT
OTHOCUTCSI K Me30MOP(MHOMY TUITY TeTOCTOXEeHUSI (HOPMOCTEHUKM), a TI0 aHATOMUYECKUM
0COOEHHOCTSIM MPUOMMKAIOTCS K YCpeIHeHHbIM MapamMmeTpamM HOPMbI (C y4eTOM BO3pacTa,
1ona), 3a UCKII0UeHMeM 6-8-JIeTHUX IeBOYEK - NOMMXOMOP(HBIN (IJIMHHbIE KOHEUHOCTU U
y3Kue TYJI0OBUILE)
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OTHOWEHUE NOAPOCTKOB K 3OPOBbIO U YPOBEHb CAHUTAPHO-
TMrMEHUYECKNX 3HAHUUA

Opo3s6ekoBa Bybycaiipa Tono6aeBHa', AbgpaeBa ®epysa Acbi6eKOBHA?
'Keipreiscko-Poccuiickumii CnaBstHCKMIE YHUBepcuTeT, bulkek, KeIproiacran
2Omickuit TocymapcTBeHHbI YHUBepcuTeT, O, KbIprbi3cTaH

AHHOTaMa

Pe3ynbTaThl aHKETMPOBAHMS 10 CAMOOIIEHKEe COCTOSIHMS 300pOBbst 2280 MOAPOCTKOB Pa3HO
HallMOHaabHOCTel 15-17 jieT B ABYX KpyIHbIX ropomax KP (r. Bumikek u r. Omr). Yuarimecs
COII KPCY cocraBisuiv KOHTPOJBHYIO TPYIIIy B KOJIMYECTBe 232 TOAPOCTKOB TOTO Ke
BO3pacTa. A Takxke, JaHa OLIEHKA YPOBHS CAHUTAPHO-TUTMEHUUYECKON COCTOSSHUM B CEMbe
Y TUTMEHUYeCKMe HaBBIKM IOAPOCTKOB. [I0 JaHHBIM aHKeTMPOBaHMSI U3 aHaAM3a: Kak y
TOPOCTKOB, TaK U Y POAUTEJIEN IMOUYTU CXOAHBI YPOBEHDb OLEHKM CAHUTAPHOI'O COCTOSIHME
SKUTUIIHO-OBITOBBIX YCJIOBUIA. B CBSI3M C 9TMM OIpoOIeHHbIe MOAPOCTKU (41,7%) y cebs
OTMeva/Iy HaJu4uye 4acTOro HaCMOpKa, OCTPOTo OpOHXMTA, THEBMOHMH, a 9,1% MOAPOCTKOB
OTMETWJTV HaJIMUVe XPOHUUECKOTO CepIIeuHO-COCYAMCTOro 3abomeBanms, 4,8% orpoIieHHbIe
yKa3a/u Ha 4yacTble TOJIOBHBIE OO U TUTIEPTOHMUM, XPOHMUECKUIT OPOHXUT - 37,2%, KOSKHbIE
3a6omeBaHus - 1,2%, 6ecIIOKOCTBO U mernpeccun - 2,8%, apTpo3ssl - 0,5%, 6pOHXMATBHYIO U
ajIjiepruueckme acTMmsl 2,7%. 13 Bcex 06c/iemoBaHHbIX 69,3% BBIXOIIIbI M3 HEIIOJHbBIX CEMEI,
510 Ha 100 06cnemoBaHHbIX OT 38 M0 50 crydyaeB B rpyimne oHome 1 oT 20 go 30 ciyyaes B
TPYIIIIe JeBYIIeK.

KiroueBsbie CJIOBa: CaMOOI€HKA, 3I0POBbS, ITOAPOCTKM 15-17 1eT, CaHUTapHO-TUTUEHUUECKIE
COCTOSIHME, TUTM€HNUYEeCKIe HaBbIKA

THE LEVEL OF SANITARY AND HYGIENIC KNOWLEDGE AND SELF-
ASSESSMENT OF ADOLESCENT HEALTH IN THE KYRGYZ REPUBLIC

Orozbekova Bubusaira Tolobaevna!, Abdraeva Feruza Asylbekovna?
'Kyrgyz-Russian Slavic University, Bishkek, Kyrgyzstan
2Osh State University, Osh, Kyrgyzstan

Annotation

The results of a self-assessment survey of the health status of 2280 adolescents of different
nationalities aged 15-17 in two major cities of the Kyrgyz Republic (Bishkek and Osh). Students
of the KRSU Secondary School made up a control group of 232 teenagers of the same age. The
assessment of the level of sanitary and hygienic situation in the family and hygiene skills of
adolescents is given. According to the survey data from the analysis: Both adolescents and
parents have an almost similar level of assessment of the sanitary condition of housing and
living conditions. 41,7% of adolescents reported frequent colds (runny nose, acute bronchitis,
pneumonia) and associated them with the sanitary and hygienic condition of their homes,
9,1% of adolescents noted the presence of chronic cardiovascular diseases, 4,8% of frequent
headaches and hypertension, 37,2% of chronic bronchitis, 1,2% of skin diseases, anxiety
depression 2,8 %, osteoarthritis 0,5%, bronchial and allergic asthma 2,7%. In 69,3%, the rate
of single-parent families ranges from 38 to 50 cases per 100 persons.
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AKTya/JbHOCTDH

OmHMM M3 BaKHBIX IMPOOGJIEM KOTOpPasi XapaKTepu3yeT 3I0POBbs IMOJPOCTKOB 00yCIOBIEHA
CMeHOJ (HaKTOpPOB IATOJOTMM, KaK IpeobnagaHueM HeMHGEeKIMOHHBIX SHAOIe€HHBIX
dbakToOpoB 3260/IeBA€MOCTH ¥ CMEPTHOCTU [1] ¥ OTHOCUTENbHO HU3KMIT YPOBEHDb KYJIbTYPhI
3I0pPOBbSI U KYJIbTYpbI TIOBeHeHusI B chepe 3M0poBbs [2]. A Takke, ITpeobaagaHue yacTHBIX
MEeIUIMHCKUX YCAYT (IUIaTHBIX), KOTOPble IIPUBENM M3MeHeHUI0 (YHKIMOHMPOBAHUIO
rOCYJapCTBEHHOJM TapaHTMPOBAHHOM CUCTeMbl 3apaBooxpaHeHMsi. OgHAKO, 3O0POBbS
TIOBe/IeHNe YeloBeKa OIpelesisieTCsl MX YPOBHEM OCBEIOMJIEHHOCTM 00 obpase >KU3HU U
3[J0POBbE OKPYKAIOIIEi Cpeibl, IJIsT KOTOPhIX CAMOOIleHKa 00pa3sa sKM3HU MMeeT OO0JIbIIoe
3HAUeHMe U CIIOCOOCTBYET CO3IaHUIO TTOJIOKUTEIbHO MOTUBAIMM K CAaMOpPerysiun [3-6].
VXyalieHne rmokasarTesieli 30pOBbs MOAPOCTKOB B CTpaHe, MMeeT HayYHYI0 U COLMaTIbHYI0
3HAUYMMOCTb JaHHO IIPOOIEMBI.

Lennb

Llenbio SIBAsSIETCS HA IpUMepe B IBYX KPYITHbIX ropofax Keipreidcrana (r. buimikek u r. Om).
OLIeHUTb YPOBEHb CAHUTAPHO-TUTMEHUNYECKO 3HAaHUU U COCTOSIHUM B CeMbM, CAMOOLIeHKa
YPOBHS 30POBBSI.

MeToguka

AHoHMMHOe aHKeTMpoBaHMe 2280 MOoIPOCTKOB pa3IMUHbIX HAlIMOHAJbHOCTEN B Bo3pacTe 15-
17 net B gByx ropopax KP (r. buiikex u r. O1ir). B aHKeTe OTpaskeHbl BOIIPOCHI KaK CaMOOLIeHKa
30pOBbsI, (PAKTOPbI PMCKA HETaTMBHO BIMSIONIMX Ha 3[0pOBbE, OlleHKAa 006pasa >KM3HM,
YPOBHSI CAaHUTAPHO-TUTMEHUUYECKOM COCTOSIHUM B CeMbe, TMTMeHMYeCKMe HaBBbIKU U [p.
(Bcero 25 Bormpoca). Yuamyecs:t COIIl KPCY cocTaB/si KOHTPOJIbHYIO IPYIINY B KOJIMYECTBE
232 mogpoCTKOB TOTO Xe BO3pacTa.

C momornibio mporpammbi Statistic 7,0 (StatSoft, 2009), mpoBeneHa craTucTuyeckast 06paboTka
MaTepuasia. HabpaHHbI MaTepuan pe3ynbTaToB mpoBoauiach Excel 10.0 ¢ ucrmonb3oBaHmem
Habopa HermapaMeTpuyecKux rapamMeTpoB. [IpyHUMAanM pasanuus NOCTOBEPHBI Ha 5%-0M
YPOBHE 3HaUMMOCTH (YpoBeHb 3HaunmocTu p <0,05).

PesynbTaThl MCCIe4OBaHUA

C KakObIM 13 MOAPOCTKOB U UX POAUTENSIMU COCTaB/IeHa aHKeTa COIIaCOBaHMsI, B KOTOPOIA
OH MpeABapUTeTbHO ObLJT 03HAKOMJIEH C MTPEICTOSIIMMM UCCeN0BAHMUSIMM U ObIIO TIOJTyYeHO
ero coriacue Ha obciaemoBaHue. CBemeHMsl 00C/iemyeMbIX Bommedinii B o6paborky 2280
MTOAPOCTKOB Pa3jIMUHbBIX HalMOHAJbHOCTEl B nIByx ropogax KP (15-17-nmet mo r. O, u
r. bumkek), u B Tom uncie yvammecss COLI KPCY cocrasisioye KOHTPOJIbHYIO IPYIIIY B
KOJIMYeCcTBe 232 CTapuimx KIacCoB.
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e Tabnuua 1. Ceedenus 06 o6cnedyemoix noopocmiax 2. Out u 2. Buuikex,
go3pacm 15-17 aem (no HayuoHanbHOCMuU)

[IIkona KeIproissl V36exkn [p. HAMOHAJILHOCTU Bcero
r.0111, INKOTbHUKN 432 39,8+1,5 | 439 | 40,5+1,5 214 19,7+1,2 1085 100
Vuauuecs COLI KPCY 109 | 46,9+32 | 41 | 17,6*2,5 82 35,3%3,1 232 100
I. BUIIKeK, IIKOAbHUKA 496 51,5+1,6 96 | 9,9+0,96 371 38,5+1,56 963 100
Hrtoro buikek 605 | 50,6+1,44 | 137 | 11,5+0,9 453 379+1,4 1195 100
Bcero: 1037 | 45,5+1,0 | 576 | 25,3%0,9 667 29,3+ 0,95 2280 | 100

Kak BumgHO 13 Tab:1. 1. 110 yaeJIbHOMY BeCy pecIioHAeHThI cocTaBwm I. Omr 47,58+1,0%, a T.
bumikek - 52,41%1,44%. Ilo HallMOHAJbHOMY COCTaBY: KbIPTbI3bl — 39,8%+1,5% u 50,6%+1,4%;
y36exku - 40,5%1,5% u 11,5%0,9%; npyrue HaumoHasbHOCTM 19,7%1,2% wmu 37,9£1,4%
COOTBETCTBEHHO M3 BcexX o0OcimemoBaHHbIX. Torma, yuamuxcss COIIl KPCY (KOHTposibHas
TPYIIIa) COCTaBUJIM KbIPThI3bI 46,9%3 2%, y36eku — 17,6+2,5% u gpyrue HalMOHAJIbHOCTU —
35,3+3,1%.

e Tabnuya 2. Bospacmuas cmpykmypa yuawuxcs 15-17 nem

[llkona 15 16 17 Bcero
T. O111, IIIKOJIbHUKMA : 397 36,6+x1,5 | 345 | 31,8*1,4 | 343 | 31,6*1,4 | 1085 100
Yuarnuecst COLI KPCY 97 41,8+32 | 83 | 35,8+31 52 | 22,4%2)7 232 100
I. BuIlKeK, NIKOIbHUKU 516 53,6£1,6 | 338 | 35,1+1,5 | 109 | 11,3*1,0 963 100
HUtoro bumkek 613 51,3*1,4 | 421 | 35,2¥14 | 161 | 13,5%#1,0 | 1195 | 100
Bcero: 1010 | 44,3+1,0 | 431 | 33,6+1,0 | 240 | 11,8+0,7 | 2280 | 100

[To maHHBIM HaIllero aHaausa (Tabs. 2.) BO3pacTHas CTPYKTYpa MCCAeIOBAaHHBIX COCTABIISIIN
1o r. bumkexk: Bcero 15 - netaue 51,3%1,4%; 16 net — 35,2+1,4%; 17 net — 13,5¥1,0%, a o T.
Omr 15 - netume 36,6+1,5%; 16 ner - 31,8+1,4%; 17 net - 31,6%*1,4%. Ilo I. BUIlIKeK IIKOJIbHUKA
u B COLI KPCY (kak KOHTpojbHas rpymmna) 15 - netuue 53,6%1,6% u 41,8+3,2%; 16 ner -
35,1%1,5% mn 35,8+3,1%; 17 net - 11,3%*1,0% m 22,4+2,7% COOTBETCTBEHHO.

[TapamienbHO ObIO MTPOBEEHO aHKETMPOBaHME TOAPOCTKOB U ceMeii T0 X caMOOlleHKe
YPOBHS CAHUTAPHOM U TUTUEHNYECKOM COCTOSIHUM B CEMBe.

Hayka mokasbIBaeT, OMPSITHbINI PeOeHOK UyBCTBYeT Cebsl yBepeHHee, jierue aganTupyeTcs
B coumyMme. Uepes rurneHmnueckoe BOCIIUTAHME OH MPUBBIKAET 3a00TUTHCSI O CBOEM TeJjle U
3I0POBbE B 1[€JIOM, ¥ 3T YCTONYMBbIE MPUBBIYKM JTUYHOI IUTYEHbI IPUBUBAIOTCS (TTOMbITh
PYKMU Tiepe[ eoit, MOYMCTUTD 3yObI TTepejl CHOM M YMbIThCSI yTPOM) C MaJIbIX JIET B CEMbeE.
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e Tabauya 3. CamooyeHKa ypo8Hs CAHUMApHOL U 2u2ueHU4eckoli COCMOosIHUU 8 CEMbe

ITokasaTenu OreHka [Mogpoctku | Pomutennu

XOPpOLIN 28,6 0,1 26,3+23

O611as olleHKa CAaHUTAPHO COCTOSTHUM

N YIOBIETBOPUTEIbHbBIN 53,4+1,1 51,3%£0,3
SKUTUIITHO-OBITOBBIX YCITIOBUIA

Hey[,0BJIeTBOPUTEbHBIN 18,0% 0,7 22,4+1,8

XOPOLINM 10,2 +0,6 16,4+2,0

O611ast OLleHKa TUTMeHMYeCKMX HaBbIK YOOBJIETBOPUTENbHBIN 62,8%1,1 58,8+2,4

HEYIOBJI€TBOPUTEbHBIN 27,0+ 1,1 24.8+1,8

Kak BMIHO, B Ta0d. 3. IMMOAPOCTKU M POAUTENTM MMEIOT IMOUTU CXOIHBII YPOBEHb OII€HKU
CAaHUTAPHOM COCTOSTHUM SKMJIMIITHO-OBITOBBIX yCaoBuit: 28,6+0,1% u 26,3+2,3% olieHeHO Ha
«xoporio», 53,4+1,1% u 51,3*0,3% Ha «yI0BJIETBOPUTETHLHO» COOTBETCTBEHHO.

«HeynoBneTBOpUTENIBHO» OLIEHEHO Y IIOAPOCTKOB U poauTenei 18+0,7% u 22,4 £ 1,8% cooTB.,
OTMETUB MPUUMHY Ha «HET COOCTBEHHOTO KWIbsI». B TO BpeMsl TUTMeHYeCcKe HaBbIKM Ha
«XOPOIIO» TTOAPOCTKY OLleHUIN 3HaUnTenbHO HKe 10,2+0,6%, yem ux poaurtenn 16,4+2,0%.
Ha «ymoBieTBOpUTENbHO» OlleHeHO MoApocTKaMu - 62,8+1,1% u pogutensimu - 58,8+2,4%.
['MrreHnyeckre HaBBIKM TPU3SHAIU «HEYLOBJIETBOPUTENbHbIMMU» 27,0£1,1% mompocTku, a
ponutenu 24,8+1,8%.

B puc. 1. u 2. oTpaskeHbl pe3y/JbTaTbl aHKETUPOBAHMS 10 CAMOOIIEHKE COCTOSIHUS 3[J0POBbSI
IOHOIIIEN ITOAPOCTKOB.

80 654 615 B MaJTLIIKH B JJeBOYKH
60
40 28,9 29,8

0 mn N

NpakTHYECKH HMeeT yacToe  cocTodT Ha "I ydete
37I0pOBEIe 3aboneBaHIe
Puc. 1. CamooueHka cocmosiHusi 300p08sst nodpocmkos 2. Oul
80 B ManpYuKH M JeBOYKH
59,8
<0 57,5
40 32,5 335
20
10,0
0 —

IIpaKTHYeCKH 30POBEIE HMeeT JacToe 3aboneBanme coctoaT Ha "J[" vaete
Puc.2. CamooyeHka cocmosiHus 300p08ssi N0OpoCmKo8 2. builkex
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[To maHHBIM aHKeTMpPOBaHMeE JIUIA KaK MYKCKOTO, TaK ¥ >KeHCKOTO Tona r. O ykasaau Ha
HaJIMuMe XpOHUUECKMX 3a00IeBaHMil, KOTOpble cOCTOST Ha «[I» yuere (5,7% u 8,7% COOTB.)
M 3KaJI00bI HA IPOSIBJIEHME YACTHBIX IMPOCTYIHBbIX 3abojeBanmii kak: OPBU, OP3, aHruHa,
JIAPUMHTUT, HACMOPK, YacTble KalUIM M JIp., CUYMTAIM yalie cebsi 3MOPOBbIMU ITOAPOCTKU
MY>KCKOTro Tona (65,4%), ueM nauiia skeHcKoit rpynmnbel (61,5%). Korga, skutenu r. buiiikek
yKasajau Ha 6ojiee HU3KMIT YPOBEHb 300POBbBSI, IOJPOCTKM MYXKCKOTO T10JIa TIPU3HAIM Cebst
3I0pOBBIMM 57,5%, a B umciie skeHCKOro 1osa — 59,8%. Ha Hanmune XpoHnyeckux 3a60eBaHMin
(Ha «/I» yyeTe) B IpyIIIe >XeHCKOro 1moJja ykasanu 4,7%, u 10,0% My>KCKOi1 IoJI.

[TpakTuyecku 41,7% MOAPOCTKY OTMeUaJIM YacThbie POCTyAHbIe 3a0071eBaHMS KaK: HACMOPK,
OCTPBII OPOHXUT, TTHEBMOHMM ¥ CBSI3IBAIM MX C CAHUTAPHO-TUTMEHUUYECKUM YCIOBUSIM
sxcunuina. Okono 9,1% omnpolleHHbIX MOAPOCTKOB OTMETW/IM HaluuMe Y HUX XPOHUYECKUX
CepIevYHO-COCYAMCThIX 3abo/ieBaHMII, Ha YacTble TOJOBHbIe O0MM U TuUIepToHUM 4,8%,
XPOHMYECKUI O6pOHXUT 37,2%, KOsKHBIE 3a00meBanus 1,2%, 6ecrioKoiCcTBO U mernpeccun 2,8%,
apTpo3sl 0,5%, 6pOHXMATbHYIO U ajjieprudeckie acTMslI 2,7%.

[TpuunHBI CaHMTAPHBIX YCAOBUI CBSI3BIBAJIM Ha IIOKas3aTejlb HEINOJHOM cembu (69,3%)
Y HEeyIOOBJIETBOPUTE/IbHbIE B3aMMOOTHOIIEHUS B ceMbe. JlaHHbIe mokaszatenu Ha 100
006c/IefoOBaHHbBIX B TPYIIIIE Y IOHOIIEN M Y IeBYIIeK KojaebneTcs B mpeaenax: ot 38 mo 50 u oT
20 mo 30 crydaeB TydeHHbIE COOTBETCTBEHHO.

[ToBenmeHMe MTOAPOCTKOB, HallpaBAeHHOE Ha COXpaHeHMe U YKpeIlJleHe CBOero hbu3mnueckoro
COCTOSTHMSI, 3aBMCUT BO MHOIOM OT 00Opasa M CTW/SI KU3HU (CAHMUTAPHO-TUTMEHUYECKNe
HOPMbI, paliMOHA/JIbHOE IMTaHMe, OTKA3 OT BPEIHbIX IPUBBIYEK KaK, TAOAKOKYpPeHMUS U
yIOTpeOIeHMS AJIKOTOTbHBIX HAIIMTKOB, (Du3MuecKkast akTMBHOCThD) VicciemoBaHme moKasaio,
UYTO TOOPOCTKM YBJEKAIOTCS KypeHMeM 3JeKTPOHHBIX CUTApeT: «HEeCKOJbKO pa3 B AeHb»
BbIOpanu 12%, «HeT» 73%, «mpoboBanyu Kyputb» 9,4%, He manu oTBeT 5,6%. IIpakTudecku
84% tmiogpocTky MHGOPMALIMIO O 3JIEKTPOHHBIX CUTapeTax IMOTYyUYMIN OT MHTEpHeTa U Ipy3eii.
Ho, mo pe3ynbraTaM aHKeTMPOBAHMS IIPOIIEHT HeJOCTOBEPHOCTY JaHHBIX aHKETUPOBAHHBIX
cocrasisieT 31,8%. OTO 0O3HAUaeT, UTO KaXKIbIil TPEThe 13 OMPOIIEeHHbIX HaMePeHHO COJIrall
0 cebe; WM CBEPIIWII CIYUAHYIO OIIMOKY, O€II0 3aIlOHST aHKeTY, He oOpalasi BHMMaHMUS
Ha IOCTaBJIeHHbIe BOMPOCHI. Kak rmokasbiBaeT puc. 3.y Bcex noapocTKoB (15-17 yeT) moutu
OIVHAKOBBIII YpOBeHb 3HaHMA. JJlaHHYIO IPOo6IeMy OOCYKIAIT MeKOy 000, HO He C
POOUTESIMMU.

100
62,4 65,2 67,3
50 . 37.6 34,8 227
. [ ] =
15 met 16 et 17 met

N BpE/IHO KypeHIe 3NeKTPOHHBIX curapeT M He 3HAIOT

Puc.3. YposeHwv oceedomneHHocmu 0 8pede 3J1IeKmpoHHO20 cuzapema.
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BriBOoabI

1.Tlo maHHBIM aHa/IM3a aHKETUPOBAHMS : Y TIOAPOCTKOB, ¥ POAUTEIE MMEIOT ITOUTU CXOOHBI
YPOBEHB OILI€HKV CAHUTAPHOT'O COCTOSTHYME SKMJIMIITHO-ObITOBBIX YCIOBUIA, KOTOPHINY 28,6+0,1%
1 26,3+2,3% olieHeHO Ha «Xopo1o», 53,4+1,1% 1 51,3+0,3% Ha «yI0BI€TBOPUTEIbHO» COOTB.,
" He Mes COOCTBEHHOrO Xwmibsl 18+0,7% u 22,4+1,8% OTMETWIN «HEYIOBIETBOPUTEIHHO»
COOTB. B TO BpeMsi rurmeHndYecKre HaBbIKM Ha «XOPOILO» MOAPOCTKY OLL€HMJIM 3HAUUTEIbHO
Hmwke 10,2+0,6%, yem wux poputenu 16,4£2,0%. Ha «ymoB/IeTBOPUTEIBbHO» OLI€HEHO
rogpoctkamu - 62,8+1,1% u poaurtensmu - 58,8+2,4%. I'mrueHnueckre HaBbIKM ITPU3HAIA
«HeynoBaeTBOpUTeNbHbIMN» 27,0¥1,1% nogpocTku, a 'y poagurtenen 24,8+1,8%.

2. 41,7% TIOgpOCTKM OTMeYaju YacTbie IMPOCTyAHbIe 3a007eBaHMsI KaK: HACMOPK, OCTPbIi
OpOHXUT, THEBMOHMM ¥ CBSI3BIBAIM UX C CAHUTAPHO-TUTMEHUYECKUM YCJIOBUSIM KUJINIIA.
Oxkorto 9,1% ornpouieHHbIX IMTOAPOCTKOB OTMETW/IM Halu4Me Y HUX XPOHUUYECKUX CepAeuyHO-
COCYIMCTBIX 3a00/IeBaHMI, HA YaCTble TOJTOBHbBIE 00U U TUTepTOHUM 4,8%, XPOHMUECKUTL
O6pouxuT 37,2%, KOKHbIe 3abomeBaHust 1,2%, 6ecIiokoicTBO u mernpeccun 2,8%, apTpo3sl
0,5%, 6poHXMaMbHYIO U ajuieprudyeckue acTmbl 2,7%. Y 69,3% 1oka3aTeib HEITOJTHbBIX ceMeit
KosebseTcs B rpenenax ot 38 go 50 ciayuaeB Ha 100 o6ciefoBaHHBIX B TPYIIIE IOHOIIEH U OT
20 o 30 ciy4daeB B rpyrine AeByIIeK.

3. OTHOIIeHMEe TIOAPOCTKOB K 3[0POBbI0 SIBJISIETCSI HEOOCTATOYHO M3y4eHHbIM B KP,
HEeoOXOIMMO MCC/IeTOBAHMIA TI0 BBISIBJIEHMIO M YTOUYHEHMIO (PAKTOPOB, CIIOCOOCTBYIOIIVX
bopMUPOBAHMIO Y TTOAPOCTKOB MO3UTUBHOTO OTHOIIEHMSI K CBOEMY 3I0POBbIO HE CMOTPSI
Ha ycaoBus Xu3HM. HacTopakuBaeT TOT (akT, UTO 5,6% He manau OTBET, U «IIPOOOBaIU
Kyputb» 9,4%, 310 OoT 5 10 15 ciryuaeB Ha 100 06c/iemoBaHHBIX HM3K0e MHOOPMUPOBAHHOCTD
IIEHHOCTHbBIE YCTAHOBKY B OTHOIIEHUY 3[I0POBbBS, IeSITeTbHOCTD I10 €T0 COXPaHEeHMUIO.
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OCHOBHbIE TEHAEHLUWUN 3ABONIEBAEMOCTU NOAPOCTKOB HA ®OHE POCTA
XPOHUYECKOMN NATONOIMMU

Opo3s6ekoBa Bybycaiipa Tono6aeBHa', AbgpaeBa ®epysa Acbi6eKOBHA?
'Keipreiscko-Poccuiickumii CnaBstHCKMIE YHUBepcuTeT, bulkek, KeIproiacran
2Omickuit TocymapcTBeHHbI YHUBepcuTeT, O, KbIprbi3cTaH

AHHOTaMa

B craTbe M3yuyeHO M IPOAHAIM3UPOBAHO COLMAIbHO 3HAUYMMbIE OOJIE3HM TOAPOCTKOB U
CTPYKTYypa 00111eii 3a6071eBaeMOCTH IMOAPOCTKOB 15-17 et Ha 1000 meTeit COOTBETCTBYIONIETO
BO3pacTa I10 Kjaccam 6oje3Hu 3a 15-netanit mepuop (2009-2023 rr.). K coskayieHnio, HeCMOTPSI
Ha yTBepkaeHus rnocraHosnenuem [Ipasurennscrsa KP CaH ITnH niyakT 11/184, KoTOpbIE He
MIPUMEHSIIOTCS Ha TIPaKTMKe B COOTBETCTBYIOIIMX YUPEXKIEHUSIX, pacTeT IoKa3aTesieli TaKux
3abosieBaHMii ¥ ob6pamaeMocTb Bpauam kKak: HOO-H59 - 6ose3Hn r71asa 1 ero npuaaTOYHOro
armapara 6,3%; H60-H95 — 6oe3HM yxa 1 COCIIeBMIHOTO OTPOCTKA 4,7% B CTPYKType 00111ein
3abomeBaemocTy. 13 ananmu3a Ha 2022r. yBeIMumMIach IOCEIIaeMOCTb Bpauy HEBPOIIaTOJIOTY
3,5(1873,3),opTanbmosnory u oTonapuHrosnory 3,4m 3,2 pasa(1762,6 1 1980,4 cooTBETCTBEHHO
ymco caydaeB Ha 1000 geTeit) 60mblile COCTABIISIOT O cpaBHeHMIO ¢ 2005 romom. A Takke,
HactopakuBaeT yuet E00-E90 - 605e3HM 93HAOKPUHHO CUCTEMBbI, PACCTPOIICTBA MTUTAHUS U
HapyIlIeHus 0OMeHa BeleCTB KaK pacipoCTpaHeHHOCTH 1 3a60/1eBaeMOCTM COCTaBUB 4,6%o0 1
3,1%0 COOTBETCTBEHHO. AKTYyaJIbHOCTbh HAYUHOI ITPO6IeMbI OTHO3HAYHBI, OTIPeeIsTIOIIecs
reHJepHbIMM OCOOEHHOCTSIMM TOAPOCTKOB M CBUIETENIbCTBYIONIMX O HEOOXOIMMOCTH
MIpoBeIeHNs JaJIbHEeNIINX UCCIeTOBAaHNUI B 3TOM HallpaBJIeHUN.

KiioueBble C10Ba: 3J0POBbE, 3MOPOBBIN 00pa3 sKM3HM, ITOBeleHYecKye (GaKTOPbI 3J0POBbSI
MTOIPOCTKOB

THE MAIN TRENDS IN ADOLESCENT MORBIDITY AGAINST THE BACKGROUND
OF AN INCREASE IN CHRONIC PATHOLOGY

Orozbekova Bubusaira Tolobaevna!, Abdraeva Feruza Asylbekovna?
'Kyrgyz-Russian Slavic University, Bishkek, Kyrgyzstan
2Osh State University, Osh, Kyrgyzstan

Abstract

The article examines and analyzes socially significant diseases of adolescents and the structure
of the overall incidence of adolescents aged 15-17 years per 1,000 children of the appropriate
age by disease class over a 15-year period (2009-2023). Unfortunately, despite the approval
of the decree of the Government of the Kyrgyz Republic SaN PiN paragraph 11/184, which
are not applied in practice in the relevant institutions, the rates of such diseases and medical
treatment are growing as: H00-H59 - diseases of the eye and its appendage 6,3%; H60-H95 —
diseases of the ear and mastoid process 4,7% in the structure of the overall incidence. From the
analysis for 2022, the number of visits to neurologists increased 3,5 (1873.3), ophthalmologists
and otolaryngologists 3,4 and 3,2 times (1762.6 and 1980.4, respectively, the number of cases
per 1000 children) more than in 2005. It is also alarming to consider EO0-E90 - diseases of the
endocrine system, eating disorders and metabolic disorders as the prevalence and incidence
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of 4,6% and 3,1%, respectively. The relevance of the scientific problem is unambiguous,
determined by the gender characteristics of adolescents and indicating the need for further
research in this area.

Keywords: health, healthy lifestyle, behavioral determinants of health of children and
adolescents
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AKTyaJIbHOCTb

Hopmbl moBefieHMsI MOAPOCTKA B OOIECTBe OIpenesseT ero COCTOsIHMe 3H0POBbs [1-4].
AKTYyanbHOCTDb TTPO6IEMBI OXPaHbl PEMTPOAYKTUBHOTO 3[I0POBbSI ITOAPOCTKOB OIpeIesseTcst
CHIDKEHMEM peINpOAyKTUBHOIO IIOTEeHIMaNa IMOAPOCTKOB, HU3KMMU PeNpOnyKTUBHBIMU
YCTAaHOBKaMM M HeaJeKBaTHbIM  PENpPOAYKTMBHBIM  IIOBeJEeHMEeM,  Haauuuem
He6IaroNpUSITHOTO MeAMKO-6Moornyeckoro ¢GoHa: BBICOKOTO YPOBHSI TMEPBUYHOIN
3a60/1eBaeMOCTY ¥ XPOHMYECKOI MATONOTUM, YBeTMUEHVEM YaCTOThI HapymeHuit GyHKImUM
perponyKTUBHOM CUCTEMBI.

Ilenp uccaenoBaHUs
O11eHKa 3/T0pOBbsI TOAPOCTKOB 15-17 jteT, mposkuBatomux B Kelprei3ckoii Pecryonmku.

IIpegmeT MUcciemo0BaHUS — PETPOCIIEKTUBHBIN aHaiu3 3ab6omeBaemocty ¢ 2009-2023 rr.

[To maHHBIM pETPOCHEeKTMBHOIO aHajau3a OlleHeHa YpPOBeHb, CTPYKTypa, TEeHAEHLUS U
3HaYMMbIe 0COOEHHOCTM pacpOCTpaHeHMs 3a0071eBaeMOCTH CpeIy IOAPOCTKOB 15-17 et B
KP ua 1000 gereit mo kinaccam 6ose3uy npuHIThiM MKB-10, 3a 15-eTHuit mepuoj.

Huke m3 Tabnuiibl 1., BUAHO, UTO y IOAPOCTKOB PErMCTPUPYIOTCS BCe 3abojeBaHUST U3
18 rpymnn kimaccoB 6onesHeir MKB-10 (13 22-x). Ilpu 3TOM, HEOOXOAMMO OTMETUTb, UTO
B IMHAMMKe OTMeUaeTCs] MepUOAMYecKMii pOoCT KaK IIoKas3aTejlb pPacHpOCTPaHEHHOCTU
M MHUOUAEHTHOCTM COBOKYIHOV 3a007eBaeMOCTM [deTeit. YcpemHeHHble MHTEHCUBHbBIE
IIOKa3aTe/Ny OAaHHBIX ITOKasaTejeit paBHbI 530,6%o0 1 362,1%0, MyuHuUMaabHbIA 270,4%0 U
203,1%o0 (2020r) 1 makcuManabHbI 658,3%0 u 440,6%0 (2012r.) coorBeTcTBeHHO Ha 1000
JleTei COOTBETCTBYIOIErO BO3pacTa.

A Taxke, 3 Tabs. 1. v puc.1l. BUIHO, UYTO yAeIbHbI Bec 3a00/1eBaHMii BEPXHUX IbIXaTeTbHbIX
mryTeit (JO0-J99) B 06111€i1 CTPYKTYpe COBOKYITHOJ 3a60/1eBaeMOCTH cocTaBsieT 34,4%, Kak 110
pacIpoCTpaHeHHOCTH, TaK U ITOKa3aTe o 3a00/1eBaeMOCTH 3aHMMasI BeAyllee MeCTo.

B 1guHammuke 3a aHaJAM3MPyeMbIii MepuoJ IoKa3aTe/lu pacopoCTPaHEHHOCTU U
3a00/1eBaeMOCTHU MMeJIM CTabMIbHO BhICOKME YpoBHM. CpeTHMIT MHTEHCUBHBIN ITOKa3aTelb
pacmpocTpaHeHHOCTM ¥ 3abojeBaeMoctu coctaBua 182,3%0 u 109,8%o0, MUHMMAIbHbIN
132,0%0 u 107,4%0 (2012r.), makcumaibHbiin 380,1%0 u 192,2%0 (2023r.) COOTB. Kak IO
pacIpoCcTpaHeHHOCTHU, TaK M TOKa3aTesto 3aboneBaemocty (Ha 1000) meTeit COOTBETCTBYIOIIETO
BO3pacTa.
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Puc. 1. Cmpykmypa 3a6osesaemocmu nodpocmkos 15-17 sem no 0CHOBHbIM KAACCaM U
2pynnam 6oane3Heti, Koipzviackas Pecnybauka (yoenvHblli 8€c).

Ha BTOpOM MecTe HaxomsTcsl OOJIe3HM OpraHoOB IuineBapeHust. VIX IO B COBOKYITHO
3abonmeBaemMocTy coctaiasier 21,2%. B MHOTO/IeTHe AMHAMMKE OHM MMEIOT TeHIEeHIIMI0 K
POCTY: KaK IMOKa3aTejIb PaclpoOCTPaHEHHOCTH, TaK M ITIOKa3aTesb 3aboeBaeMocT B 2,9 pasa
1o cpaBHeHMIO ¢ 2010 rogom. CpenHMe MHTEHCUMBHbBIE TTOKa3aTe/ln PacIpoOCTPaHEeHHOCTU U
3a00/1€eBaeMOCTH O60jIe3Heli OpraHoB MUILEBAPEHMS 3a aHAIM3VPYEMbIii TP, COCTaBUIIN
- 112,4%0 n 74,0%0, MUHUMAaNbHbIN 63,8%0 U 44,9%0 (2010r.), a MakcuMaibHbIi 187,1%0 U
131,0%0 (2023r.) coorB. OCHOBHBIMM (haKTOpaMM pycKa O0je3Heli OpraHoB NMUILEeBapeHMs
B COBPEMEHHBIX YCJIOBUSIX IO BUAMMO SIBJSIETCS aJMMEHTApPHbBI PUCK - OCOOEHHOCTU
MMUTaHUSI TIOAPOCTKOB, CBSI3aHHbIE CIleIU@UUECKMMM UyepTamMy palyioHa MUTaHUS (TULIU
OBICTPOrO IMIPUTOTOBJIEHMS, paPMHMPOBAHHO IUIIM, pACIIPOCTPAHEHME C PE3KO CHYKEHHOM
OMOJIOrMYeCKOi II€HHOCThIO M3-3a TEXHOJOTMYECKO 00paboOTKM MCXOTHBIX ITPOIYKTOB
MIUTaHMsI, OMHOOOPA3HbIN MUIIEBON PAIlMOH C HECOOTBETCTBYIOIIVIM YPOBHIO SHEPro3aTpaT
COBPEMEHHOTI0 YeJIOBEKA KOJIMYECTBOM IMOTPEO/IIEMOI UM ; HeIOCTATOYHOE ITOTpebieHne
BUTAMMHOB, MMHEPAJbHbIX BEIIECTB U APYIUX KU3HEHHO HEOOXOAMMBIX MHIPEIVEHTOB
MIMINY), PUCK CTPECCOBBIX UM KOHQIMKTHBIX CUTyalMii B CeMbe M B 00pa30BaTEIbHOM
yUpeKIeHUM, KypeHue M paHHee yIoTpeO/ieHMe alKOTOMsl Cpeay NeTeil U MOAPOCTKOB, a
TaK>Ke 3KOJIOTUYECKUIA PUCK.

VYoenbHbIN Bec «bonme3HM KOXM M TOAKOXKHOM Kietuatku» (LO0-L99) 3aHMMaT TpeTbe
MeCTO 6,6% OoT o006meii 3a00/IeBaeMOCTM, CO CPeIHMM WMHTEHCUBHBIM II0Ka3aTeIeM
pPacIpoOCTPaHEHHOCTH U MHIMAEHTHOCTU 35,0%0 1 23,3%0. laHHbIe 1ToKasaTesn 3a 20091 6b11
MaKCUMaJIbHbIMU (46,9%0 1 28,0%0), omHako, K 2019 r. causwmicsa Ha 2,3 u 1,9 pa3za (20,2%o0
n 14,5%0) coOTB. Ha maHHOTO Bo3pacTta. OmHako, K 2023 rogy MHTEHCUMBHBIE TTOKa3aTelIn
pPacIpoOCTPAaHEHHOCTU U MHUUIEHTHOCTU uMeun pocT Ha 2,1 u 1,8 pasa (42,6%o0 u 26,1%o0)
COOTB.

Ha yeTBepTOM MecCTe He3HAUUTEIbHON pa3HUIlEi MO yAelbHOMY Becy 3aHMMaeT «bone3sHu
Mouerios0Boit cucteMbl» (NOO-N99) - 6,5% B COBOKYIHOI 3a601€eBaeMOCTH IOJPOCTKOB 15-
17 net. Co cpeqHMMM MHTEHCUBHBIMM TTOKa3aTeJSIMU pacIpoCTpaHeHUS U MHIMIEHTHOCTHU
1o 34,2%o0 u 20,5%o0. ITo cpaBHenuio ¢ 2010 romom (45,7%0 u 28,1%0) manHoe 3aboeBaHMe
cpenu IMoAPOCTKOB CHU3MJICS Ha 2,3 1 2,05 pa3a Kak I10 pacIlipoCTPaHEHUIO ¥ MHIIUIEHTHOCTU
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K 2022r (19,4%0 u 13,7%0). A, Ha 2023 ropn, 3TM IOKa3aTelu yBeIuuuanch Ha 1,4 pasa
BbIllIeyKa3aHHbIM MMoKa3aTesnsim (27,9%o 1 19,45%o0) COOTB.

Ha ngTom mecrte «bonesHnu riasa u ero nmpumatouHoro ammapata» (HO0-H59) ¢ yoenbHbIM
BecoM 6,3%, a cpegHMII MHTEHCUBHBIN ITOKa3aTeb PaclIpOCTpaHEHUS Y MHUIUIEHTHOCTU
33,5 u 21,7, ¢ MakCMMaJIbHBIM ITOKasaTtenemM 45,7%0 n 25,4%o0 (2015r.), a MUHMMAIbHBIN
rokasarenu nmpuxoautcss Ha 2020r. co cHmkeHuem Ha 2,7 u 2,9 pasa (16,4%0 u 8,8%0) Ha
1000 meTeit cOOTB.

C 5,8% Ha miecTom MecTe IO yaeabHOMY Becy «bome3Hu HepBHOI cuctembl» (G00-G99),
CpeoHMiI MHTEHCUMBHBIN mokaszaTenb 30,8 m 15,3 Kak 3apermcTpUpOBAHHBIX OOJbHBIX
MOAPOCTKOB, TaK M AMArHo3, YCTAHOBJIEHHbIM BIiepBble B >Xu3Hu 1000 mereit maHHOrO
Bo3pacTa. Ecm rmokasaTeny gJaHHOro Kiaacca 6omesuu Ha 2012 rox 6putn 45,4 u 24,4, To K
2019 rony umenu cHmskenue 2,27 u 2,5 pasa (20,0 1 9,9 coots. Ha 1000 mOgPOCTKOB TAaHHOTO
Bo3pacta). OgHako, K 2023 romy 9TM IOKa3aTeayM MMeIM MOabeM 3a00/eBaeMOCTM KakK
pacIpoCcTpaHeHHOCT TakK U uHIumeHTHoCcT Ha 2,0 u 1,8 pa3 (39,3 u 18,25 coors. Ha 1000
MOAPOCTKOB JAHHOTO BO3pacTa).

«TpaBMbl, OTpaBJIeHMSI M HEKOTOPbIE Apyrye MoC/aAeACTBUS BO3AECTBISI BHEIITHUX TIPUUMH»
(S00-T98) mo ymenbHOMY BeCy cocTaBmiu 5,7% ot ob1eii 3a6oeBaeMocTn. M3 aHanm3a JaHHOe
3abo0/ieBaHMe MMeeT CTOJKMe BhICOKMe moKasaTeau 1o 2017 roga ¢ cpegHuM MHTEeHCUBHBIM
rnokasareneMm 38,4%o, ¢ TemrioM mnpupocra 1%, omHako, ¢ 2017 roga uaeT TeHOEHIUS K
CHIKeHu1o Ha 2,1 pasa no 2023 roga ¢ cpeIHUM MHTEHCUBHBIM MOKa3aTteyiem 19,1%o. A, 110
IaHHBIM oTueTa KoHell 2023 roay Kak pacrpoCTPaHEHHOCTb, TaK ¥ UHIMAEHTHOCTh BBIPOC/Ia
Ha 29,25 1 16,05 cooTB. Ha 1000 1oaApoOCTKOB JaHHOI'O BO3pacTa.

I'pynmbl «Bonme3suu yxa u cocieBumHoro orpoctka» (H60-H95) m «bose3Hu KpOBH,
KPOBETBOPHBIX OPTaHOB U OTAEe/bHbIe HapyIlIeHMs, BOBJIeKalolyie MMMYHHBIVI MeXaHU3M»
(D50-D89) cocTaBisSIIOT OOMHAKOBBIN yaeNbHBIN Bec 1Mo 4,7% OT obIieii 3a6071eBaeMOCTH.
CpenHnii MHTEHCUMBHBIN TI0Ka3aTe/llb PAcIPOCTPAHEHHOCTb ¥ WMHIMUAEHTHOCTb 3a
aHaMM3MpyeMbl roabl cocTaBssioT H60-H95-25,1 1 13,5,aD50-D89 - 24,8 1 14,6 cooTB.Ha 1000
MOAPOCTKOB JAHHOTO BO3pacTa. MMHMMAaIbHbIE TTOKa3aTeu TakK ke OJMHAKOBO COBIIaAal0T
Ha 2020rom (H60-H95 - 7,1%0 1 5,7%o0,a D50-D89 — 7,2%0 1 3,7%o0), CO cCHU>KeHMeM Ha 3,5 - 2,4
u 3,4-3,9 pa3a coorBeTCTBEHHO. [IpM 3TOM, HEOOXOAMMO OTMETUTD, UTO, 60ne3HM H60-H95
ToKasaTejn pacrpocTpaHeHus B 1,7 pa3a Oosibllle yeM, IokasaTelb 3a00/1eBaeMOCTH, UTO
CBUIETEeIbCTBYET O AJIUTEIbHOCTY T€UEeHMS ITOV MaTOTOTUNA.

VnenbHbI BeC «bonmesHu sHOOKPUMHHOM CUCTEMBI, PacCTPOICTBA MUTAHUSI M HaAPYILIEHMS
o6meHa BemiecTB» (E00-E90) mo cBoeMy ymesnbHOMY Becy cocrtaBisieT 4,6% u «HekoTopbie
MH@eKIMOHHbIE U MMapa3uTapHbie 6ome3Hm» (A00-B99) 3,7%.

[Ipy olleHKe AMHAMMYECKOTO psga MeTOAOM HaMMEHbIIMX KBaapaToB (Tabm.2.) 3a
aHanusupyemblin iepuoga 2009-2023rr rokasateny MMeEKT TeHOEeHLMI0 K CHVKEHUI0 CO
CpeIHMM MHTEHCUBHBIM IMOKa3saTeneMm 24,5%o u 19,7%o0 Ha maHHbI BO3pacT, T. CHIUKeHMe
paBeH 24,6% u 11,8% coOTB.
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e Tabnuua 2. JuHamuueckuii psio MemooomM HAUMeHbUUX K8AOPamoa
ons nepuoda 2009-202322. (3abonesaemocms EO0-E90 u AO0-B99
8 8o3pacme 15-17 nem na 1000 nodpocmkos coomeemcmayiouiezo so3pacma KP)

E00-E90 A00-B99
fomt I;I;T( X I pax*X X2 I Teop 1;111;;1“( X I pax*X X2 [ Teop
2009 50,9 -7 -356,3 49 50,4 24,6 -7 -172,2 49 45,6
2010 454 -6 -272,4 36 46,7 25,1 -6 -150,6 36 41,9
2011 31,7 -5 -158,5 25 43,0 24,6 -5 -123 25 38,2
2012 34,4 -4 -137,6 16 39,3 27 -4 -108 16 34,5
2013 37 -3 -111 9 35,6 29,2 -3 -87,6 9 30,8
2014 29,4 -2 -58,8 4 31,9 24,6 -2 -49,2 4 27,1
2015 33,6 -1 -33,6 1 28,2 26,9 -1 -26,9 1 23,4
2016 25,5 0 0 0 24,5 15,6 0 0 0 19,7
2017 16,5 1 16,5 1 20,8 16,2 1 16,2 1 16,0
2018 15,8 2 31,6 4 17,1 15,6 2 31,2 4 12,3
2019 11,8 3 35,4 9 13,4 14,7 3 44,1 9 8,6
2020 7,2 4 28,8 16 9,7 7,8 4 31,2 16 4,9
2021 7,9 5 39,5 25 6,0 11,6 5 58 25 1,2
2022 8,3 6 49,8 36 2,3 13,8 6 82,8 36 -2,5
2023 12,05 7 84,35 49 -1,4 18,5 7 129,5 49 -6,2
Bcero | 367,45 -842,25 140 0,0 295,8 -324,5 140 0,0
I cpen, 24,5 B=-6,0 19,7 =-2,3
T cHmkeHUe = - 24,6 T cHmkenue = - 11,8

A, MyHUMasIbHbIe TToKasaTenu npuxoautbes Ha 2020 rop (7,2%o0 u 4,1%o0; 7,8%0 n 5,2%o0
cooTB.). OmHAKO, 3TO He 3HAUMUT, UTO He TOJIHKO CHU3WIOCH 3a60/IeBa€MOCTh 3TUX JTAHHbIX,
HO U IIpaKTHUUeCcKy Bce KiaccoB 6one3Heit MKB-X cHMU3MIMCh MoKa3aTenan 3a60/1eBaeMOCTI
rmo cpaBHeHmio ¢ 2010 r., Tak Kak, JaHHBIN IIepUOJ CHIDKeHMe OO0IIeil U IepBUYHOM
3a60/1eBaeMOCT Bce Kiacchl 3aboneBaemoctu B 2020r. BO MHOIOM OIIPeIesiyioCh
HeOJIaromoMyuyHoi smuaeMuosiormueckoir curyaimeii B KP, BbI3BaHHON TMaHaAeMuein
HOBOJ KopoHaBupycHol MHdekuunu COVID-19. Buaumo, rnosausiio Tot GakT BBeOeHMEM
OTPaHMUUTEIbHBIX MEpP, PEXXMMOM CaMOM30SIIMK. [IpakTUUecKyu BCe CTYsKObI TTePBUUHOIM
MeJIVKO-CaHUTAaPHO MOMOIIY BpEMEHHO PUOCTAaHOBWINM IIPOBeAeHMS ITPOPUIaKTUIECKUX
MEPOIIPUSITHIA, KOTOPBIN TOBJIEKIM 32 CO00J CHIKEHUIO perucTpanuy 3ab01eBaeMoCTH, U
TIPUBEJIM K YBeJIMUEHME UMCiia CTydaeB MO3AHe ToOCOUTaIN3aln.

VhenbHbII Bec OCTaJbHBIX KJIAaCCOB M Tpymil Oosne3Helt BapbupyeT oT 0,2% mo 2,5%:
«Bone3HM KOCTHO-MBIIIEUHOM CUCTEMbI U COeOMHUTEeNbHONM TKaum» (MO00-M99) 2,5%;
«[Icuxnueckue paccrpoiictBa M paccrporictBa nosenenusi» (FO0-F99) 1,1%; «bonesHn
cucteMbl KpoBooOpammenus» (100-199) 1,0%; «BpokmeHHbIe aHOMAaIMM (IIOPOKM Pa3BUTHS),
nedopMaiiuM M XpomMocoMHble HapymeHusi» (Q00-Q99) 0,4%; «bepemMeHHOCTb, pPOAbI U
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nocsiepomoBoit mepuody (000-099) 0,3%; «HoBoo6pasoBaumsi» (C00-D48) n «CHUMIITOMBI,
MIPU3HAKM M OTKJIOHEHMSI OT HOPMbI, BBISIBJIEHHBbIE TMPU KIMHUUECKUX U JTaOOPaTOPHBIX
MCCIIeIOBAHMSX, He KiaccupUIMpoBaHHbIE B Ipyrux pyopukax» (R0O0-R99) o 0,2%.

YCTaHOBIEHO, YTO HamMOOJbIIMII IPUPOCT IIOKAa3aTeseli IepBUUYHON 3a00/1eBaeMOCTU U
pacIpoCcTpaHeHHOCTM OoJie3Hel y MOAPOCTKOB XapaKTepu3yeTcsl KiaccaMu Oosie3Hel, He
BCerJa onpeessioMMM Ha TeKYIMIF MOMEHT UX OCHOBHYIO CTPYKTYPY. TUM B OJMsKaiiliei
MepCcrekTBe MOXKeT ObITb O0OYC/IOBJIEHO W3MeHeHMe CTPYKTYpbl, KaK IIepBUUHOI
3a00/1eBaeMOCTH, TaK M PacIpOCTpaHEeHHOCTU Oosie3Heit. JJaHHAs HeraTMBHAs TeHAEHIIUS
MpearnojaraeT HeoOXOOMMOCTb MCIIOAb30BaHMSI IIPOTHO3MPOBAHMUSI TIpM  paspaboTke
perMoHaabHBIX COLMAIBHBIX MMPOrpaMm, B T.U. IIPOrpaMm 3apaBooxpaHeHus. [loctaHOBKa
U TIpOrpaMMHOE pelleHue pealbHbIX 3aau C YYeTOM IIPOrHO3UPYEMbIX TeHAEeHIIUA
obecrieuat BegeHyue 3G@eKTUBHON YIIpaBAEHUECKO) TMOMUTUKM, HaIpaBJIeHHON Ha
pe3y/bTaT ¥ B KOHEYHOM CUeTe — Ha JOCTUXKEeHNe Leiy YKPeIUIeHUS U COXpPaHeHMs 300POBbs
MOAPACTAIOIIErO [OKOJIEeHNS.

N3 ananmmsa 3a wusydaemslii mnepuopn (2009-2023rr.) B KP ycpemHeHHBINI IMOKa3aTellb
3a60/1eBaeMOCTH TOAPOCTKOB IO OCHOBHBIM KjaccaM M Tpymram Oosie3Hei, MMeumux
TeHJeHIMI0 K pocty (Ha 1000 meTeitr cooTB. Bo3pacra 15-17 ser), u3 18 KmaccoB M IPyII
60J1e3HM MMEIOT TeHAEeHLIMIO K pocTy 11 Kyaccos.

Oco0yi0 TpeBOTY BBI3bIBAET IATOMOIUSI «boje3Hy rmasa U ero MpUIATOYHOrO arrapara»
(HOO-H59) u cocraBiasieT MeOMKO-COLMaAbHYI0 Ipobnemy (puc. 2). Ecm  2009r.
3apermcTpUpPOBAHHBIX OOJMbHBIX 31%0 1 B. 4. /3 yCTAaHOBJIEHHbIE BIIEpBbIE B 5KMU3HU 16,6%0,
TO K 2023r. jaHHble okasarteau cocrasisuin 39%0 u 20,1%0 coorB. Ha 1000 1OApPOCTKOB
IaHHOrOo Bo3pacrta (Bbipoc 1,26 u 1,21 pas).

200 B 33apeTHCTPHPOBAHO OOIBHBIX 15253
[IO/IPOCTKOB
150,0 B T. 9. C /3, yCTAHOBIICH BIICPBHIC B 1217
HKI3HH 1124
100,0 - 74,0
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17,8 W % 1 23.4
147 63 444 33,5 . 350 = 4 :
S — 48245 ’11 P08 S A51135 i 505 12 g4 730
: 5 5 3 sy i, 2 3
2 6, [ L 5,2 . : 1,5/22/ 1,2 .
oo MY L K o . A
) S ‘: I % B e o O D DD H
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Puc. 3.2. YcpedueHHblll uHmMeHCcu8Hulll nokasames 3ab0sesaemocmu no0pocmKko8 N0 0CHOBHbIM
Kaaccam u zpynnam 0oJie3Heli 3apezucmpuposaHHbsix 00J1bHbIX U 8.4. 0/3 YCMAHOBIEHHble
gnepevle 8 #¥U3HU, umerujux meHdeHyurw K pocmy, 8 KP 3a 2009-202322. (Ha 1000 demeli

coomeemcmaytouiezo ospacma 15-17 nem).

B Hacrosiiee BpeMsi 3a6071€Ba€MOCTb JeTeit 1 MOAPOCTKOB C MATOJIOTHMel opraHa 3peHus
MMeeT YCTOMUYMBYIO TEHIEHUMIO K pocTy. PocT 3abomeBaHMii y MOAPOCTKOB IMOKAa3bIBaeT
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BO3MOYXHOCTb TaKO¥ CBSI31, HEOOXOIMIMO YUUTHIBATh M3MeHEeHMe 06pa3a k13HM MHTEHCUBHBIX
T10JIb30BaTeel 3/IeKTPOHHBIX cpeficTB 00yueHmst (9CO), Kak KOMITbIOTED, T IsKEeT, MOOMIIbHBIE
tenedoHbl. [To JTaHHBIM aHaIM3a JOCTOBEPHOE yBeanueHue ucronb3oBannst 9CO OT MOMeHTa
MJIaJIeHUYecTBa 10 IIKOJIbI, M, OCOOEHHO 3HAUYMTEIbHO, B CTapuIMX Kiaaccax (B 3,1 pasa mo
CpaBHEHMIO C HAYaJIbHbIM KJIACCOM).

Cpeny Haubojiee BOJHYIOIINMX, HepeIIeHHbIX, MaJl0 M3yYeHHBIX IPO6IeM COBpeMeHHO
MeIUIIMHBI MOXKHO C TIOJIHOM yBEepEeHHOCThIO Ha3BaTh ITOAPOCTKOBYIO 3a007€BaeMOCTbh,
Kak «bomesnu HepBHON cucremsl» (G00-G99). CoBpemMeHHOMY MNOAPOCTKY XapaKTepHa
MOrpaHNMYHbIe HEPBHO TICMXMUECKME PaACCTPOICTBA, OOYC/IOB/IeHHbIE 3HAYUTEIbHBIM
IICUXO3MOLIMOHAJIbHBIM ~ HAlIpsDKeHMeM, KOTOpOe  COIPOBOXAAETCS  BereTaTUBHOM
nucyHKIMEe M comaTu3alyeil HeBpOTMYecKuX HapyumeHuit. Cpeamu HapylieHui
IIeHTPa/IbHOI HEPBHON CUCTEMBI y 00YUaAIOIIMXCS MPeBaIMPYIOT HEBPO3bI C BhIPASKEHHBIM
aCTEeHOHEeBPOTUUYECKMM  CUHAPOMOM, MOHOHEBPO3bl, BereTOCOCyAuUCTass OUCTOHMUS,
MaTOXapaKTepoJOTMUYeCcKoe ¥ TICMXOMATOINOA00HOe pa3BUTHE JIMYHOCTM, ITOTpPaHUIHAS
YMCTBEHHAs OTCTAIOCTb, IMMCUHAPOMBI, SHIOTeHHbIe 3a001eBaHms. Cpeay PyHKIMOHATbHbIX
OTKJIOHEHUI CO CTOPOHBI HEPBHOM CUCTEMbI Y VY4YalIMXCS BBISIBISIIOTCS pacCcesHHas
opraHuMyecKkas MUKpOCUMIITOMATUKA, AUCTATNN, Ta0UPUHTOIATHS, TUTIEPTEH3US 1 3aIepsKKa
MCcUxMYeckoro passutus [1-3]. B cTpaHe, MMeHHO MOAPOCTKM OKa3bIBAIOTCSI 00/le/IeHHbIMMU
BHMMaHMeM Bpadeii. Eie He B3pociibie U yKe He IeTy, OHM (GOpPMaIbHO HAXOMSITCS TIOf,
HaOJTIOeHEeM TIeAVATPOB, (haKTMUYECKN He ITOoTyYast JO/DKHOTO CHCTeMaTUUeCKOTO HabTIoIeH S
Menyko-colyaibHble MCCTeNOBaHMSI TTOKA3bIBAIOT, YTO SKAI00bI AeTel ITOAPOCTKOBOTO BO3pacTa
OCTaIOTCsI HeIOOLIeHeHHBIMY Jaske UX POAUTeNsiMHU [4-5].

I[To naHHBIM psiZL aBTOPOB [6] exkeroHO B KbIprei3cTaHe 10 IMpUUMHe TPaBM TOCIIUTAIU3UPYIOTCS
6omee 90 000 mammenToB (876 — 100 000 Hac.), cpegyt HuX ety 10 14 et - 6omee 10 000. B
CTPYKType HeTCKOi 3abojeBaeMOCTM Kiaace «TpaBMbl M OTpaB/IeHMS» 3aHMMAJIO [IEBSITOE
MecTo (3,5%), uto coctaBmio 1060,2 caygast Ha 100 000 meTckoro HaceneHusl. AHAIN3 TETCKOTO
TpaBMaTu3Ma 1o peciryomke 3a 2009-2013 IT. mokasaj, YTo CUTyalusI C e TCKMM TPaBMaTH3MOM
3a 5 JIeT rpakTMYeCcKy HaXOAUTCSI Ha OMHOM YPOBHe, HO KoymuecTBo I TTI ¢ yuacTueM geTeii pesko
YBEJIMUMIIOCH C 663 10 949 nocrpamasBiunx. TpaBmbl, ITOTyYeHHbIE B TOPOKHO-TPAHCIIOPTHBIX
MIPOMCIIECTBUSIX, — 9TO IVIaBHASI IPUYMHA CMEPTHOCTY CpeIy IOAPOCTKOB 15-19 ytet u BTOpast u3
BeIYIIVX IPUUYMH CMEPTHOCTY Cpeii IeTeli B BO3pacTe OT 5 10 14 jieT.

OpmHako, MO JAaHHBIM HammMx a”Hamm3oB ¢ 2009 mo 2023rr. maHHBINA KjaacC 3a0601eBaHUS
3aHMMaeT CebMO€e MEeCTO B CTPYKTYpe MOAPOCTKOBOI 3a0071€BaeMOCTH COCTaBUB 5,7%, uTo
COCTaBMJIO 3aPETUCTPUPOBAHO GONBHBIX MOAPOCTKOB — 30,1 M T. 4. € 1I/3, yCTAHOBJIEH BIIEPBbIE
B >KM3HU — 23,3 ciayvast Ha 1000 1ogpoCTKOB HAa COOTB. BO3pacCTa.

XOoTsI, BO BCEM MMpE OOHON M3 Cepbe3HbIX ITPOOjIeM, CTOSIIMX Iepel OOIIecTBEHHbIM
3gpaBooxpaHeHneM B XXI Beke, SBISIOTCS 3aboseBaHMsS SHAOKPUMHHONM CUCTEMBbI,
paccTpoiicTBa TNMUTAaHMS ¥ HapylleHus] oOMeHa BeIeCTB Cpeay AeTeil M TMOAPOCTKOB,
IIpyBJIeKas BHMMaHMe MCCIeJoBaTeeli pa3HbIX CIIelMaJbHOCTENM, 10 TOW IPUYMHE, UTO
IaHHasl IaTOJIOIUS OTANYAeTCS [JIUTENbHOCTHI0 TeUueHUs U MMOUIeAYIIIUMMU Hepenko
Pa3BUBAKIIMMMUCS OCIOKHEHUSIMU, YXYAIIAKIIMMY KaUueCTBO XKMU3Hb U [IPOTHO3 COCTOSTHUS
3[0pOBbSl eTeil U TOAPOCTKOB. V3yyeHMe 3aKOHOMEPHOCTEN Pa3BUTHUS 3TON MaTOJOTUU
U ee MOCIeACTBUI Cpeay MOAPOCTKOB MMeeT 3HauUeHue [J1 IVIaHMPOBAHUS U MPOBeaeHMs
MEpOIIPUSTUIA TI0 COBEPIIeHCTBOBAHUIO 3SHIOKPMHOJIOTUMUYECKON TMOMOIIM, YIYUYIIEeHUIO
ITPOTHO3a COCTOSIHMS 30POBbSI MOAPOCTKOB, MX COLIMATbHOM afaIlTalin.

36] (® ejsmr.org Vol. 1 Issue 12025



e MeduyuHckue HayKu EXHMK

A Takke, He WM3yUYEHHBIM OCTAeTCS BOIPOC OCJIOXKHEHUS OepeMeHHOCTM M pPOIbl Y
HECOBEpIIEHHOJIETHUX >KEHIMH, KOTOpble IPeACTaB/SIOT OTPOMHBIV PUCK MJISI IOHOA
POKEHUIIbI, BHYTPUYTPOOHOTO TIJIOJIA ¥ HOBOPOXKIEHHOTO. OTU (aKThl TPEOYIOT BHEIPEHUS
COBpEeMEHHBIX TEXHOJIOT U1 OII€HKM, ITPOTHO3a ¥ KOPPEKIINY aKyIIepCKUX U TTepUHATATbHBIX
OCJIO’KHEHM Y FOHBIX SKeHII[MH.

BoiBO,

1. B o6mieit CTpyKType COBOKYITHO}M 3a00ieBaeMOCTM Bemylllee MeCTO 3aHMMAIOT Kak I10
pacIpoCcTpaHeHHOCTH, TaK 1 ITOKa3aTeTio 3a00/1eBaeMOCTH : 3200/1eBaHN BEPXHUX IbIXaTeTbHbIX
myTeii cocraBisieT 34,4%. CpelHMII MHTEHCMBHBIA II0Ka3aTelb PAaCHPOCTPAHEHHOCTU W
3abomeBaemMocTy coctaBua 182,3%o0 u 109,8%0, munuManbHbiii 132,0%0 u 107,4%0 (2012r1.),
makcumManbHbiii 380,1%0 u 192,2%0 (2023r.) COOTB. KaKk MO PacCIpOCTPAaHEHHOCTM, TaK U
roKasaresio 3aboneBaemocty (Ha 1000) meTeit COOTBETCTBYIOIIETO BO3PACTA.

2. Ha BTOpOoM MecTe HaxogsaTcsi 60/ie3HM OpPTraHOB MuilleBapeHMsl, X HOJisi B COBOKYITHOM
3abosnieBaemocTmcocTaBisieT21,2%.CpeqHue MHTEHCMBHBIETIOKA3aTeIM PACIIPOCTPAHEHHOCTH
1 3a001eBaeMOCTH 60Jie3He OpraHoB MiuIlleBapeHNs 3a aHAIM3MPyeMblit IepMof, COCTaBUIN
- 112,4%0 n 74,0%0, MuHUMaJbHBIN 63,8%0 1 44,9%0 (2010r.), a MakcuManbHbIN 187,1%0 U
131,0%0 (2023r.) COOTB.

3. YoenbHbIN BeC «bojie3HM KOKM U MOJAKOXKHO KJIeTUaTKU» 3aHMMAaIOT TpeTbe MeCTo 6,6%
OT 06111ei 3a60/1eBaeMOCTH, CO CPeIHMM MHTEHCUMBHBIM ITI0Ka3aTe/IeM paclIpoCTPaHEHHOCTU
Y MHUMIOEHTHOCTU 35,0%0 1 23,3%o0. JJaHHbIe mokasaTenn 3a 2009r 6bI1 MaKCUMaJIbHBIMU
(46,9%0 n 28,0%o0), omHako, k 2019r. cunswicst Ha 2,3 u 1,9 pasa (20,2%o 1 14,5%0) cOOTB. Ha
IaHHOro Bo3dpacTta. OgHako, K 2023 rogy MHTEHCUMBHbBIE TTOKAa3aTeIu PaciipoOCTPaHEeHHOCTU U
MHIUIEHTHOCTU umenu pocT Ha 2,1 u 1,8 pasa (42,6%o0 1 26,1%o0) COOTB.

4. HacropaskmuBaeT ciyuyail IIOcCelllaeMOCTh Bpauy HeBporaToisory 3,5 pasa (1873,3),
odTanbMoNOry U oTonapuHronory 3,4 u 3,2 pasa (1762,6 n 1980,4 cOOTBETCTBEHHO UMCIIO
cryuaeB Ha 100 000 meTeit) 6osbIlie COCTaBISIIOT 0 cpaBHeHMIo ¢ 2005 rogom.
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SUPRATENTORIAL MENINGIOMA AND PROGNOSTIC FACTORS INFLUENCING
RECURRENCE AFTER SURGICAL RESECTION: A COMPREHENSIVE REVIEW

Dipak Chaulagain®?, Volodymyr Smolanka?
Talal-Abad International University, Jalal-Abad, Kyrgyzstan
2Uzhhorod National University, Uzhhorod, Ukraine

Abstract

Meningiomas constitute the most common primary intracranial neoplasms, with
supratentorial meningiomas—originating in the convexity, parasagittal, and falcine
regions—representing the predominant subtype. Although frequently benign (WHO grade
I), these tumors exhibit recurrence rates of 10-50% following surgical resection, driven by
diverse prognostic factors. This systematic review synthesizes evidence from meta-analyses
published between 2015 and 2024 to elucidate determinants of recurrence and survival
in supratentorial meningiomas post-resection. Key factors evaluated include extent of
resection (EOR), World Health Organization (WHO) histopathological grade, tumor size, sex,
adjuvant radiotherapy, and emerging molecular markers such as Ki-67 and FOXM1. Gross
total resection (GTR) consistently mitigates recurrence risk, with hazard ratios (HR) ranging
from 0.22 to 0.45 across studies, while subtotal resection (STR) and higher WHO grades (II
and III) significantly elevate recurrence, with HRs up to 2.40 for grade II. Larger tumors (>4.5
cm) impair outcomes, though effects vary by location, and sex-based differences remain
inconsistent, with female sex linked to worse recurrence-free survival (RFS) in some cohorts
(86.1% vs. 100%, p = 0.047). Adjuvant radiotherapy demonstrates efficacy post-STR (HR =
0.55-0.61) but not universally across grades. Molecular profiling, including proliferative
signatures (e.g., FOXM1, HR = 1.90), heralds a precision medicine approach. Variability in
radiotherapy protocols and sex effects highlights the need for standardized guidelines. This
review delineates the multifactorial etiology of recurrence, advocating for integrated, patient-
specific strategies to optimize long-term outcomes.

Keywords: Supratentorial meningioma, recurrence, prognostic factors, surgical resection

CYNPATEHTOPUANIbHAA MEHUHTMOMA U MPOTHOCTUYECKUE ®AKTOPHI,
BNUAIOLLUME HA PELMOUB NMOCIE XUPYPITMYECKOWU PE3EKLIUMU:
BCECTOPOHHUWN OB30P

Hunaxk Yaynaranu'?, Bnagumup CmonaHka?
Ukanman-A6agcKuii MesKIyHapOIHbI YHUBepCuTeT, [Ixkanan-Aban, KeiprbiscTad
ZVsKrOpOACKMI HAallMOHATbHBIN YHUBEPCUTET, YKropo, YKpanHa

AHHOTauMa

MeHMHTMOMBI  IIPEeACTaB/ISIOT Cco00ii  Hambosiee  pacHpoCTpaHEHHbIE  II€PBUYHbBIE
BHYTpMUEpelHble HOBOOOpa3oBaHMS, IIpUUYeM CyIpaTeHTOpUaJbHble MEHMHTMOMBI,
BO3HMKAIONIME B KOHBEKCUTAJIbHONM, MapacarMTTaJbHOM M CEePIIOBUIHON 00JaCTsX,
MIpeICTaBIISTIOT COO0 ITpe0b;1amatoI i TOATUIL. XOTS 9TV OITYXOJIM YacTO JOOpOKaueCTBeHHbIE
(knacc I mo BO3), yacToTa peliuAMBOB I0C/Ie XUPypriuueckoit pesekiumu coctasiset 10-50%,
YTO OOYCIOBJIEHO Pas3JIMUYHBIMM IIPOTHOCTMUECKMMM (paKTopaMM. DTOT CUCTeMaTUIeCKUit
0030p CHMHTE3MpYyeT [OKa3aTe/JbCTBA M3 MeTaaHa/JIM30B, OITyOJMKOBAHHBIX B TIE€PUOL,
¢ 2015 mo 2024 rom, Ajsl BBISICHEHMS NeTEePMMHAHT pelyAMBa M BbDKMBAEMOCTU IIPU
CYMIpaTeHTOPUAIbHBIX MEHMHTMOMAX IT0c/Ie pe3ekuyn. KimodyeBble orjeHMBaeMble (haKTOPbI
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BK/IIOUAIOT cTrerneHb pesekuuu (EOR), rucromaTosornyeckyro cremneHb II0 BcemupHOit
opranmsanuu 3napasooxpaHeHus (BO3), pasmep omyxonu, I0Jd, aZbIOBAHTHYIO JIYYEBYIO
Tepamnuio ¥ HOBbIe MOJIEKY/ISIpHbIEe MapKephl, Takue Kak Ki-67 u FOXMI1. O61ias peseKiys
(GTR) mocnemoBaTebHO CHMXKAeT PUCK peluauBa, npuueM KosdduimeHTsl pucka (HR)
BapbupytoTcsioT0,22 100,45 B pa3HbIX MCCIeN0BAHMSIX, BTO BpeMsI KaK CyOTOTaIbHASI Pe3eKIIVs
(STR) u 60nee Bricokue creneny BO3 (II u III) 3HAUMTENHHO MMOBBIIIAIOT PELUINB, IPUUEM
Ko3dbuimeHThl pucka gocturaioT 2,40 mist crernenu II. Bonee kpynHbie oryxonu (>4,5 cm)
YXYALIAI0T Pe3yabTaThl, XOTS 3G(eKThl pasanuaroTcs B 3aBUCUMOCTM OT MeCTOIOIOKEeHMS],
a pas3anuus 1o MOJ0BOMY MPU3HAKY OCTAIOTCSl HEMOC/IeJ0BaTeIbHBIMU, IIPU 3TOM >KEHCKUI
TI0JI CBSI3aH C XyAIIel 6e3pelnanBHON BbDKMBaeMoCThIo (RFS) B HEKOTOpBIX Koroprax (86,1%
npotu 100%, p = 0,047). AobloBaHTHAas JyueBasi Tepanusi 1eMoHCTpupyeT 3hGeKTMBHOCTh
nmocie STR (HR = 0,55-0,61), HO He YHMBepCaJIbHO HJisI BCeX cTereHeii. MojeKy/aspHOe
npodwirpoBaHme, BKIoUas nmpoandepaTuBHbie cUrHaTypbl (Harmpumep, FOXM1, HR = 1,90),
BO3BelllaeT O IMOAXO0Je TOYHON MeAUUMHbI. I3MeHUMBOCTh MPOTOKOJIOB JIy4€BOW Tepanmumn
" TIOJIOBbIX 3 (PEKTOB MogYepKUBaeT HEOOXOAMMOCTh CTAHIAPTU3MPOBAHHBIX PYKOBOJICTB.
B sToM 0630pe omuchiBaeTcsi MHOTOGMAKTOpPHAs STUOJIOTMSI pelyIuBa, BBICTyIas 3a
KOMIUIEKCHbIe, crieliuuHble AJ1s1 TaljieHTa CTpaTeruu IJisl ONTUMMU3aLMUU JOITOCPOUHBIX
pes3y/ibTaToB.

KnioueBble c/IOoBa: CymnpaTeHTOpMaJbHAss MEHMHTMOMA, peluAuB, IIPOTHOCTUYECKUe
(dakTopbl, XMpypruueckast pe3eKims
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Introduction

Meningiomas account for approximately 39% of all primary intracranial tumors, with
supratentorial locations—including the convexity (35%), parasagittal region (20%), and falx
cerebri (15%)—being the most frequent sites of origin [1]. Arising from meningothelial cells
of the arachnoid layer, these neoplasms are classified by the World Health Organization
(WHO) into grade I (benign), grade II (atypical), and grade III (anaplastic), reflecting their
histopathological behavior and recurrence potential [2]. Surgical resection remains the
primary therapeutic modality, targeting maximal safe tumor removal; however, recurrence
rates vary widely, influenced by tumor characteristics, surgical success, and adjuvant
interventions [3]. Supratentorial meningiomas pose distinct challenges due to their proximity
to critical neurovascular structures, such as the superior sagittal sinus and eloquent cortex,
complicating complete resection and amplifying recurrence risk [4].

This comprehensive review compiles meta-analyses published from 2015 to 2024 to evaluate
prognostic factors affecting recurrence and survival in supratentorial meningiomas post-
resection. Factors analyzed include EOR, WHO grade, tumor size, sex, adjuvant radiotherapy,
and molecular markers. The aim is to synthesize current evidence, highlight consistencies
and disparities, and provide a foundation for clinical decision-making and future research in
this prevalent neurosurgical entity.
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Comprehensive Review of Prognostic Factors:
Extent of Resection (EOR)

The extent of resection, typically assessed using the Simpson grading system (Grade I:
complete resection with dural attachment; Grades II-V: progressively incomplete), is a
cornerstone prognostic factor for supratentorial meningiomas [5]. Gousias et al. [1] analyzed
1,539 patients across 13 studies, reporting recurrence rates of 0.00-2.36 per 100 person-
years for WHO grade I meningiomas with GTR, escalating to 7.35-11.46 per 100 person-years
with STR in grade II tumors. Gagliardi et al. [2] evaluated 2,134 patients with grade II and III
supratentorial meningiomas, finding GTR significantly reduced recurrence risk (HR = 0.45,
95% CI 0.29-0.70), though this benefit diminished in grade III cases due to aggressive tumor
biology. Similarly, Chen et al. [3] reported a 5-year progression-free survival (PFS) of 88.2%
with GTR versus 52.1% with STR in grade II convexity meningiomas (p < 0.001), reinforcing
EOR’s protective effect across grades.

e Table 1: EOR and Recurrence Rates Across Meta-Analyses

Study Cohort Size | WHO Grade | GTR Recurrence Rate | STR Recurrence HR (GTR vs.
(5-yr) Rate (5-yr) STR)
Gousias et al. [1] 1,539 I ~2% Not reported Not reported
Gagliardi et al. [2] 2,134 I1-111 29.4% 58% 0.45 (0.29-0.70)
Chen et al. [3] 3,218 I 11.8% 47.9% 0.32 (0.19-0.54)

5-Year Recurrence Rates for GTR vs STR
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Graph 1: A bar graph depicting 5-year recurrence rates for GTR versus STR. Gousias et al. [1]
shows the lowest GTR rate (~2%), Gagliardi et al. [2] the highest STR rate (58%), and Chen et al.
[3] a moderate spread (11.8% vs. 47.9%).
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WHO Histopathological Grade
WHO grade is a critical determinant of recurrence risk. Gousias et al. [1] found grade I
supratentorial meningiomas exhibited low recurrence (0.00-2.36 per 100 person-years) post-
GTR, while grade II rates rose sharply with STR. Bergner et al. [4] meta-analyzed grade III
meningiomas, reporting 5-year RFS of 12.0% (95% CI 8.2-15.8%) across 42 studies, reflecting
their invasive nature. Gagliardi et al. [2] noted a pooled recurrence rate of 29.4% for grade II
post-GTR, escalating to 58% with STR (HR = 2.40, 95% CI 1.73-3.34), underscoring grade as
an independent risk factor.

e Table 2: Recurrence by WHO Grade

Study Grade I RFS (5-yr) Grade II RFS (5-yr) | Grade III RFS (5-yr) | HR (Grade II/III vs.
)

Gousias et al. [1] ~98% ~70% Not reported Not reported

Bergner et al. [4] Not reported Not reported 12% Not applicable

Gagliardi et al. [2] Not reported 70.6% (GTR) 42% (GTR) 2.40 (1.73-3.34)
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Graph 2: A line graph plotting 5-year RFS across WHO grades. Grade I (Gousias et al. [1])
starts near 98%, grade II (Gagliardi et al. [2]) drops to 70.6%, and grade III (Bergner et al. [4])

plummets to 12%.
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Tumor Size

Tumor size influences surgical feasibility and outcomes. Chen et al. [3] found supratentorial
meningiomas >4.5 cm had reduced RFS (85.4% vs. 100%, p = 0.025) across 32 studies, often
due to proximity to critical structures. Gousias et al. [1] reported tumors >5 cm doubled
recurrence risk in grade I cases (p = 0.03). Zhu et al. [6] meta-analyzed 15 studies, finding no
significant size effect in convexity meningiomas post-GTR (p = 0.12), suggesting location-
specific mitigation.

Sex

Sex’s prognostic significance is inconsistent. Chen et al. [3] linked female sex to worse RFS in
grade II supratentorial meningiomas (86.1% vs. 100%, p = 0.047), possibly due to hormonal
influences. Gousias et al. [1] found male sex associated with higher recurrence in grade I (HR
= 1.45, 95% CI 1.02-2.06), citing aggressive histology. Gagliardi et al. [2] reported no sex
difference (p = 0.39).

Adjuvant Radiotherapy

Adjuvant radiotherapy’s role varies by context. Gagliardi et al. [2] found RT post-STR reduced
recurrence in grade II/III meningiomas (HR = 0.61, 95% CI 0.41-0.90), with no relapses in
irradiated STR cases. Bergner et al. [4] reported no benefit in grade III (p = 0.22), while Zhu et
al. [6] noted improved PFS post-STR in grade II (HR = 0.55, 95% CI 0.34-0.89).

Recurrence Rates With vs Without RT
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Study

Graph 3: A bar graph comparing recurrence rates with/without RT. Gagliardi et al. [2] shows 0%
vs. 29.4%, Zhu et al. [6] 15% vs. 35%, and Bergner et al. [4] 88% vs. 85%.
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e Table 3: Radiotherapy Efficacy by Grade and EOR

Study Grade EOR RT Benefit (HR) Recurrence Rate (RT vs. No RT)
Gagliardi et al. [2] II-111 STR 0.61 (0.41-0.90) 0% vs. 29.4%
Bergner et al. [4] 11 Any Not significant 88% vs. 85%
Zhu et al. [6] I STR 0.55 (0.34-0.89) 15% vs. 35%

Molecular Markers

Molecular markers enhance prognostication. Choudhury et al. [7] found Ki-67 overexpression
(HR = 1.03, 95% CI 1.02-1.05) and VEGF (HR = 1.61) linked to worse RFS. Driver et al. [8]
identified FOXM1-driven groups with poorer PFS post-STR (HR = 1.90, 95% CI 1.28-2.82).

Discussion

The extent of resection emerges as the most robust and consistent predictor of recurrence
in supratentorial meningiomas, with GTR conferring a significant protective effect across
multiple meta-analyses. Gousias et al. [1] report near-negligible recurrence rates (~2% at 5
years) for grade I tumors post-GTR, while Chen et al. [3] and Gagliardi et al. [2] demonstrate
HRs of 0.32 and 0.45, respectively, highlighting GTR’s efficacy even in higher-grade tumors.
However, this benefit attenuates in grade III meningiomas, where Bergner et al. [4] note a
dismal 12% 5-year RFS, likely due to microscopic residual disease and parenchymal invasion
not addressed by macroscopic resection [9]. These findings reaffirm Simpson’s foundational
principles but underscore the limitations of surgical intervention alone in aggressive
histologies, necessitating adjuvant strategies.

WHO grade further stratifies recurrence risk with remarkable clarity. Grade I meningiomas
exhibit exceptional stability post-GTR (~98% RFS), as per Gousias et al. [1], while grade II
tumors show a marked increase in recurrence (29.4% post-GTR, 58% post-STR) [2], and grade
[1I tumors plummet to single-digit RFS [4]. This gradient reflects not only cellular atypia
but also molecular underpinnings, such as mitotic index and necrosis, which drive tumor
regrowth [10]. The interplay between grade and EOR is particularly evident: STR amplifies
recurrence risk exponentially in higher grades, suggesting that incomplete resection unmasks
the tumor’s intrinsic biological potential.

Tumor size’s prognostic role is context-dependent. Chen et al. [3] and Gousias et al. [1] link
larger tumors (>4.5-5 cm) to worse outcomes, likely due to technical challenges near critical
structures like the superior sagittal sinus or motor cortex, which preclude GTR. However, Zhu
et al. [6] found no size effect in convexity meningiomas post-GTR, suggesting that tumor
location modulates size-related risks. This discrepancy may reflect surgical accessibility—
convexity tumors are more amenable to complete resection than parasagittal or falcine
lesions, where venous sinus involvement complicates outcomes [11]. Future studies should
stratify size effects by precise supratentorial subsite to clarify this variability.

Sex as a prognostic factor remains elusive and contradictory. Chen et al. [3] report worse
RFS in females with grade II meningiomas (86.1% vs. 100%), potentially tied to progesterone
receptor expression, a known feature of meningiomas [12]. Conversely, Gousias et al. [1]
associate male sex with higher recurrence in grade I tumors (HR = 1.45), possibly due to
increased atypia prevalence in males. Gagliardi et al. [2] found no sex difference, suggesting
these effects are cohort-specific or confounded by unmeasured variables like hormonal status
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or comorbidities. This inconsistency underscores the need for large, sex-stratified analyses
incorporating receptor profiling to resolve hormonal versus histological contributions.

Adjuvant radiotherapy’s efficacy hinges on grade and EOR, revealing a complex therapeutic
landscape. Gagliardi et al. [2] and Zhu et al. [6] demonstrate significant benefits post-STR
in grade II meningiomas (HR = 0.55-0.61), with Gagliardi et al. reporting no relapses in
irradiated STR cases versus 29.4% without RT. Yet, Bergner et al. [4] found no benefit in grade
I11, highlighting potential radioresistance in anaplastic tumors, possibly due to altered DNA
repair mechanisms [13]. Variability in RT dosing (54-60 Gy), timing (immediate vs. salvage),
and fractionation further complicates interpretation, as does the lack of randomized data.
These findings suggest RT is most effective as a bridge to control residual disease in grade II
tumors but less impactful in grade III, where systemic therapies may be required.

Molecular markers represent a transformative frontier. Choudhury et al. [7] link Ki-67 (HR
= 1.03) and VEGF (HR = 1.61) to worse RFS, while Driver et al. [8] identify FOXM1-driven
proliferative groups with doubled recurrence risk post-STR (HR = 1.90). These markers
outperform traditional grading in some cohorts, offering a glimpse into tumor biology
that complements EOR and grade [14]. However, their clinical adoption is hampered by
limited standardization, cost, and availability, particularly in resource-constrained settings.
Integrating molecular data into risk models could refine treatment algorithms, identifying
patients who benefit most from aggressive resection or adjuvant therapies.

Heterogeneity across meta-analyses poses a significant challenge. Differences in follow-up
duration (2-10years), recurrence definitions (radiological vs. symptomatic), and RT protocols
confound direct comparisons. Supratentorial-specific data are often diluted by mixed cohorts
including infratentorial or spinal meningiomas, reducing precision [15]. Moreover, publication
bias toward positive findings may inflate reported effects, while small sample sizes in grade III
studies limit statistical power. Addressing these requires standardized reporting, prospective
multicenter trials, and supratentorial-focused analyses to distill location-specific insights.

In summary, supratentorial meningioma recurrence is a multifactorial phenomenon driven
by EOR, grade, and modifiable factors like RT, with emerging molecular markers poised to
redefine risk stratification. Optimal management demands a nuanced, patient-specific
approach, balancing surgical aggressiveness with functional preservation and adjuvant
therapy tailored to tumor biology.

Conclusion

Supratentorial meningioma recurrence post-resection is predominantly influenced by EOR
and WHO grade, with GTR offering the strongest protection and higher grades escalating
risk. Tumor size and sex exert variable effects, while adjuvant RT benefits select STR
cases, particularly in grade II. Molecular markers promise enhanced precision but require
validation. Personalized strategies integrating these factors are critical for improving long-
term outcomes.

Limitations

This review is limited by heterogeneity in study designs, follow-up periods, and outcome
definitions. Few meta-analyses focus exclusively on supratentorial meningiomas, diluting
site-specific insights. Molecular data, though promising, are underrepresented in earlier
studies (2015-2020), reflecting their nascent role.
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Recommendations
Future research should standardize EOR and recurrence metrics, conduct prospective trials

on

RT efficacy, and validate molecular markers in large, supratentorial-specific cohorts.

Clinicians should adopt a multidisciplinary approach, leveraging histopathological, imaging,
and molecular data to tailor treatments while prioritizing quality of life.
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ANTIBIOTIC SENSITIVITY AND MICROBIOLOGICAL PATTERNS OF DIABETIC
FOOT ULCERS
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Abstract

Introduction: Diabetes mellitus, characterized by chronic hyperglycemia due to defects in
insulin secretion, action, or both, is a prevalent metabolic disorder with severe long-term
complications, including nephropathy, retinopathy, peripheral neuropathy, and vasculopathy.
These conditions predispose patients to diabetic foot ulcers (DFUs), chronic non-healing
wounds associated with high risks of infection, amputation, and Charcot joint deformities.
DFUs represent a significant cause of hospitalization among diabetic individuals.

Methods

A cross-sectional descriptive study was conducted involving 138 DFU patients across multiple
hospitals in the Malakand Division, Pakistan. Data were collected from patient interviews,
clinical observations, and hospital records. Of the 138 patients, 13 underwent amputation,
and 3 required re-amputation.

Results

The mean age of participants was 45.7 # 10 years, with a mean diabetes duration of 8.7
3 years and ulceration duration of 4 * 2 years. The study population comprised 65% males
and 45% females. From 150 specimens, 455 aerobic bacteria were isolated (average of 3.03
isolates per specimen), with notable prevalence of multidrug-resistant (MDR) organisms
and methicillin-resistant Staphylococcus aureus (MRSA). Among gram-positive aerobes,
S. aureus (25.4%) was predominant, while Escherichia coli (16%) led among gram-negative
isolates. Gram-positive isolates exhibited resistance to ciprofloxacin (54.5%), erythromycin
(53.2%), and clarithromycin (52.56%), but were universally sensitive to vancomycin. Gram-
negative isolates showed resistance to ciprofloxacin (75%), cefuroxime (85%), and cefotaxime
(54.43%), with imipenem and sulbactam-cefoperazone demonstrating high sensitivity.

Conclusion

DFUs predominantly affect individuals around 50 years of age, with ulceration linked to
diabetes duration, treatment adherence, and wound care. Males are more affected than
females. Vancomycin exhibited 100% efficacy against gram-positive isolates, while linezolid
was effective in 92% of cases, aiding recovery in many patients. The presence of MDR isolates
underscores the need for tailored antibiotic therapy.

Keywords: Antibiotic sensitivity, diabetic foot ulcer, multidrug resistance, microbiological
profile

YYBCTBUTEJNIbHOCTb K AHTUBUOTUKAM U MUKPOBUOJTOTMYECKUE
3AKOHOMEPHOCTU OANABETUYECKUX A3B CTOIbI

Iumaxk Yaynarann!, Canaymiax Xagpns?

>kanan-A6aackuii MexxayHapoIHbli yHUBepcuTeT, [Ixkanan-Aban, Keiprbisctad

2[T>kanman-AGancKkuii  rOCymapCTBEHHBbI MeOULIMHCKKUI yHuBepcuteT uM. b. OcmonoBa, [Ikanan-AbGap,
Keipreiscran
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AnHoTtauusa

BBemenme: CaxapHblii [OyuabeT, XapaKTePU3YIOMIMIICS XPOHUYECKON T'UIIePIIMKEMUEn
n3-3a JAedeKTOB CeKpeluu WHCYIMHA, OeiCTBUS wiu 060MxX (HAKTOPOB, SIBIISIETCS
pacrpocTpaHEeHHBIM MeTabOoIMYeCKMM PaACCTPOMCTBOM C TSDKEIBIMU  JTOJTOCPOYHBIMMU
OCJIO)KHEeHUSIMM, BKJIIOUasi HedpomaTuio, peTUMHOIATHI0, nepubepndecKkyo HelpornaTuio
M BACKyJIOTIATUIO. DTU COCTOSIHMSI TIpepacIioyiaraloT MaleHToOB K AMabeTUuUeckKuM si3BaM
cromnbl ([5C), XpOHMUECKMM He3aXKMBAKIIMM paHaM, CBSI3aHHBIM C BBICOKMM PUCKOM
nHdekuuy, amiyraiuu u nedopmauysmyu cycraBop Illapko. ISIC SIBASIIOTCS BakHOM
MIPUUYMHO TOCIIUTAIMU3ALMM CPey OObHBIX N1abeToM.

MeToapnIl

OBLIO TIPOBEIEHO IIOMepeYHOe OIMcaTe/bHOEe MCC/IeoBaHMe ¢ yyactueMm 138 maiyueHTOB
¢ DFU B HecKolbKUX OOMbHMIIAX B OKpyre Manakanm, [Takucrad. JaHHbIe ObUIM COOpaHbI
13 MHTEPBBIO C MallMeHTaMM, KIMHNYeCKMX HAOMIomeHnii M 00JIbHUYHBIX 3anuceii. M3 138
MarMeHToB 13 nmepeHecyin aMIyTaIuio, a 3 moTpeboBasach MOBTOPHAST aMITyTaIysI.

PesynbTaTbi

CpeIHMIT BO3PacCT yYaCTHMKOB cocTaBua 45,7 = 10 neT, cpeaHsIsl TPOIO/IKUTEIbHOCTD AuabeTa
cocraBmia 8,7 £ 3 roga, a MPOAO/IKUTENIBbHOCTD SI3Bbl — 4 £ 2 rona. Mccnemyemast mOmyJIsiimst
coctosizia u3 65% mMyskumH 1 45% xkeHiyH. Vi3 150 06pa311oB Ob1JI0 BbIIEIEHO 455 a3p0oOHbIX
6akTepuii (B cpenHem 3,03 130/sTa Ha oOpaselr) ¢ 3aMeTHBIM ITpeobyiagaHeM OPpraHM3MOoB
C MHOKECTBEHHO1 JIeKapCTBEHHOM yCTONYNBOCThIO (MJTY) 1 MeTULIMIMH-PE3UCTEHTHOTO
3onmotucToro craduiaokokka (MRSA). Cpeny rpaMIONIOKUTEIbHBIX a3p000B Impeobagan S.
aureus (25,4%),BTo BpeMs KaK Cpeiyi TpaMOTpHUIIaTe/IbHbIX M30JTOBInAMpoBaia Escherichia
coli (16%). I'pamMMoONOKUTETbHBIE U3OISTHI IIPOSIBUAM YCTOMIMBOCTD K IIUITPOGIOKCAIIMHY
(54,5%), sputpomuniunay (53,2%) u knapurpoMmunuuy (52,56%), HO ObLIM YHMBEPCATHHO
YyBCTBUTEbHBI K BAHKOMUIIMHY. ['paMoTpuiiaTe/ibHble U30JSThI IIPOSBUIN YCTONUMBOCTD
K 1uumnpodnokcanuny (75%), uedyporcumy (85%) u medorakcumy (54,43%), mpu 3TOM
MMUIIeHeM 1 cy/ibOaKkTaM-1ledorepa3oH MPoeMOHCTPUPOBAIN BbICOKYIO UyBCTBUTENbHOCTD.

3aKkaueHue

DFU npeumyiiieCTBEHHO MOPaskaroT Jito/ieii B Bo3pacTe 0koyio 50 JieT, Ipy 3TOM SI3BbI CBSI3aHbI
C IJIUTEIBHOCTBIO MyabeTa, MPUBEPKEHHOCTHIO JIEUEHNIO U YXOIOM 3a paHaMM. My>KUMHBI
CTpafaloT yallle, YeM KeHIIMHbI. BaHKOMUIMH 1pogeMoHcTpupoBas 100% 3¢b¢heKTUMBHOCTD
IIPOTUB T'PAMIIOJIOKUTENbHBIX M30JSITOB, TOTAA KaK JMHe30nun Obl 3PGeKTMBeH B
92% cmyyaeB, CITOCOOCTBYSI BBI3JOPOBJIEHMIO MHOTMX ITallMEHTOB. Hajmume WM30/ISTOB
C MHOXECTBEHHO} JIeKapCTBEHHOW YCTOMUYMBOCTBIO IOJUEPKMBAET HEOOXOAMMOCTh
VHAVBUIYAJIbHOV aHTUOAKTEePUATbHON Teparmu.

KnwoueBbie cimoBa: UyBCTBUTENBHOCTh K aHTUMOMOTMKAM, SI3Ba OMabeTHMUYECKOW CTOIIbI,
MHOXeCTBeHHasl JIeKapCTBeHHas YyCTOMUMBOCTh, MUKPOOMOIOTMYeCKIii ITPOGUIIb

© 2025. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CC BY, which allows others
to freely distribute the published article, with the obligatory reference to the authors of original works and original publication in this journal.
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Introduction
Diabetes mellitus is a group of metabolic disorders defined by chronic hyperglycemia resulting
from impaired insulin secretion, insulin action, or both [1]. Uncontrolled diabetes leads
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to long-term complications, including nephropathy, retinopathy, peripheral neuropathy,
microtubule dysfunction, and vasculopathy [2, 3]. Peripheral neuropathy and vasculopathy
significantly increase the risk of developing diabetic foot ulcers (DFUs), chronic wounds
prone to infection due to reduced blood supply [4]. These ulcers are associated with severe
outcomes, such as amputations and Charcot joint deformities, and are a leading cause of
hospitalization among diabetic patients [5].

Diabetes is classified into several types. Type 1 diabetes, often termed juvenile diabetes,
arises from autoimmune destruction of pancreatic beta cells, primarily affecting children and
young adults [6]. Secondary diabetes mimics Type 1 but results from pancreatic damage due
to disease or injury rather than autoimmunity [7]. Type 2 diabetes, the most common form,
is characterized by insulin resistance and typically affects middle-aged and older adults,
though its incidence is rising among younger populations due to obesity [8]. Pharmacological
management includes insulin, amylin analogs, oral agents, and GLP-1 receptor agonists [9].

DFUs are polymicrobial infections, often involving gram-positive and gram-negative bacteria,
including MDR strains [10]. Common gram-negative isolates include E. coli, Klebsiella
pneumoniae, and Proteus mirabilis, while Pseudomonas aeruginosa exhibits notable
antibiotic resistance [11, 12]. Microbiological profiling and antibiotic sensitivity testing are
critical for effective treatment and preventing progression to deeper tissues, which may
necessitate amputation [13]. DFUs are graded from 1 (superficial) to 5 (extensive gangrene)
per the Wagner classification, with higher grades linked to increased amputation risk [14].
Approximately 60% of non-traumatic lower limb amputations are attributed to DFUs [15],
with re-amputation and mortality rates significantly impacting quality of life [16, 17].

This study investigates the microbiological patterns and antibiotic sensitivity profiles of
DFUs in a cohort from the Malakand Division, Pakistan, to inform clinical management and
reduce adverse outcomes.

Materials and Methods

A cross-sectional, descriptive study was conducted across multiple hospitals in the Malakand
Division, Pakistan, including Saidu Teaching Hospital and Central Hospital, Saidu Sharif,
Swat. Data were collected from 138 DFU patients and supplemented by hospital records of
over 500 patients. Diagnostic, microbiological, and culture sensitivity tests were performed
at Amreek Hospital and Anwar Hospital, Mingora, Swat.

Ulcer samples were obtained using sterile surgical tools, placed in saline within sterilized
containers, and transported to the laboratory. Gram staining was followed by culturing on
nutrient agar at 37°C for 24 hours. Primary growth was sub-cultured for purification, and
antibiotic sensitivity was assessed using strips on agar plates incubated for an additional
24 hours. Sensitivity was categorized as resistant (R), sensitive (S), or intermediate (I) based
on microbial growth inhibition. Microbial identification involved cultural characteristics
(colony morphology, color, odor) and biochemical tests (e.g., catalase, coagulase, indole,
TSI). Advanced identification was performed using Analytical Profile Indexing (API) strips
processed by automated software. Blood cultures utilized a Bactec lytic machine. Protocols
adhered to international standards (CLSI, EUCAST, FDA) [18].

Results
The study observed 138 patients over one year, with demographic data summarized in Table
1. The cohort comprised 65% males and 45% females, with a mean age of 45.7 * 10 years,
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diabetes duration of 8.7 # 3 years, and ulceration duration of 4 * 2 years. Type 2 diabetes
predominated (97.83%), with only 2.17% having Type 1.

e Table 1: Baseline Characteristics of Patients

VARIABLES MEAN £S.D
Total patients 138

Age 45.7+£10
Duration of diabetes 8.7+3
Duration of ulcer 4+£2
Gender

Male 65%
Female 45%
Type 1 diabetes 32.17%)
Type 2 diabetes 135 (97.83%)

From 150 specimens (92% pus, 8% blood), 455 aerobic bacteria were isolated, averaging
3.03 isolates per specimen. MDR and MRSA strains were prevalent. Among gram-positive
isolates, S. aureus (25.4%) was most common, followed by Streptococcus, coagulase-negative
staphylococci, and Enterococcus. Among gram-negative isolates, E. coli (16%) predominated,
followed by K. pneumoniae, P. mirabilis, and P. aeruginosa. Antibiotic sensitivity patterns are
presented in Table 2 and Table 3.

« Table 2: Antibiotic Sensitivity of Gram-Positive Aerobes (%)

Antibiotics Staphylococcus Aureus Streptococcus Enterococcus
Amikacin 85 - -
Clarithromycin 47 47.8 474
Linezolid 99 - -
Vancomycin 99 100 100
Clindamycin 65 59 -
Ciprofloxacin 45 454 45.2
Levofloxacin 19 - -
Erythromycin 45.8 47.8 46.8

76]

(® ejsmr.org

Vol. 1 Issue I 2025



e MeduyuHckue HayKu EXHMK

350 92.59

300
62.5

250
47.37

200 ———

150

100

Reistance values of microbes

50

sulabctam-cefo

Ciprofloxacin Cefatoxime cefuraxime E— imipenem
pseudomanas 28 51 62.5 92.59 13.92 6.17
proteus mirabillis 37.93 47.37 74.47 1.15 227
=g klebsiella 43.33 60 75 5 1.14
—g— cschericia 74.04 76 84.62 2.22 1.89
Antibiotics

» Table 3: Antibiotic Resistance of Gram-Negative Isolates (%)

Gram-positive isolates showed resistance to ciprofloxacin (54.5%), erythromycin (53.2%),
and clarithromycin (52.56%), but were 100% sensitive to vancomycin. Gram-negative isolates
exhibited high resistance to ciprofloxacin (75%), cefuroxime (85%), and cefotaxime (54.43%),
with imipenem and sulbactam-cefoperazone being the most effective.

Of the 138 patients, 13 underwent amputation due to gangrene, and 3 required re-amputation
due to ulcer progression.

Discussion

Diabetes mellitus,adisorder of insulin dynamics, predisposes patients to severe complications,
including DFUs, driven by peripheral neuropathy and vasculopathy [1, 4, 5]. DFUs are a major
public health concern, with 14-20% of patients requiring amputation and 35-40% facing
re-amputation, reducing life expectancy by up to 60% [10, 16, 17]. This study confirms that
DFUs are polymicrobial, with S. aureus and E. coli as dominant isolates, consistent with
global findings [11, 12, 19]. Regional variations in microbial profiles may reflect differences in
antibiotic use and environmental exposure [13, 20].

The cohort’s baseline characteristics align with prior studies, though additional metrics like
BMI and HbAlc could enhance risk profiling [10, 21]. Ulcer severity ranged from Grade 1
(superficial) to Grade 5 (extensive gangrene), with higher grades necessitating amputation due
to delayed or inappropriate treatment [14]. Vancomycin’s 100% efficacy against gram-positive
isolates and linezolid’s 92% success rate highlight their therapeutic value, corroborating
other research [10, 21]. Gram-negative isolates showed significant resistance, with imipenem
emerging as a key option [12].

Risk factors for amputation included gangrene, prior DFU history, osteomyelitis, smoking,
and male sex, consistent with meta-analyses [17, 22]. Non-significant factors included
hypertension and HbAlc levels [16]. These findings underscore the importance of early
intervention and culture-guided therapy.

Conclusion
DFUspredominantly affectindividuals around 50 years old,with males at higherrisk. Ulceration
correlates with diabetes duration, treatment adherence, and wound care. S. aureus and E. coli
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are

the leading pathogens, with MDR strains posing treatment challenges. Vancomycin and

linezolid are highly effective against gram-positive isolates, while imipenem excels against

gra

m-negative bacteria. Amputation risk escalates with delayed referral, improper antibiotic

use, and poor diabetes control. These insights emphasize the need for timely, evidence-based

ma

nagement to improve outcomes.
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OBOCHOBAHME METOOA MOAEJIMPOBAHUA TEEOMEXAHUYECKOIO
COCTOAHUA MACCUBA TOPHbIX NOPOA BJTIOYHOIO CTPOEHUA
SKBUBAJIEHTHbIMU MATEPUATTIAMU

AcuioBa 3ynbdust Arambip3aeBHa!, Hukonbckas Onbra BukroposHa?
DKanan-Abamckuii MexkIyHapoOoHbIi yHUBepcuTeT, Keiproizckast Pecry6ika
MHCTUTYT MallMHOBeIeHMsI, aBTOMaTuKy 1 reomexannku HAH KP, Keipreizckast Pecrry6nnka

AHHOTaUA

B cTaTtbe paccMaTpuBaeTCsi METOM, MOJEIMPOBAHMS reOMeXaHNUeCKOT0 COCTOSIHMSI MacCuBa
TOPHBIX IIOpOA, OJIOUHOTO CTPOEHMSI C MCIIONb30BaHMEM ISKBMBAJEHTHBIX MaTepUaioB.
[lpenyioxkeH OOOCHOBAHHBIM TMOAXOM, TO3BOJISIIONINIA YUUTHIBATh CTPYKTypHbIE U
MeXaHMUecKye 0COOeHHOCTY MacCuBa IpU MPOBeaeHMM uccaeaoBaHmit. OTMCaHbl TPUHIIUITBI
1oa60pa SKBMBAJIEHTHBIX MaTepPMalioB, METOAMKA MX IIPUMeHEeHMS 1 aHa/IU3 JOCTOBEPHOCTH
TOTyUYeHHBIX pe3y/ibTaToB. [IpuBemeHbl MpUMepbl MOAEIUPOBAHMUS, NEMOHCTPUPYIOIIMeE
s(pdbekTMBHOCT, pa3pabOTAaHHOTO MeTOda [JISI IMPOTHO3MPOBAHMSI  HAIPSKEHHO-
nedOpMIMPOBAHHOTO COCTOSTHUSI TOPHBIX TOpPOf. [losyueHHbIe pe3y/abTaTbl MOTYT OBITh
MCIIOJIb30BAaHbI MPY MMPOEKTUPOBAHMUM TOPHOTEXHMUECKMX OOBEKTOB, a TaKKe MJISI OI[eHKU
YCTOMYMBOCTM MAacCCHMBOB IIPU PA3JIMUYHBIX TEXHOTEHHBIX BO3AeicTBMSIX. OOOCHOBAHHBINA
MeTOH, MOXKeT ObITh afallTMPOBaH IJIsI M3yUeHUSI CJIOKHBIX reoMeXaHMUeCKUX MpPOIecCoB,
BKJIIOYAsl celicMuueckoe BO3[eiicTBMe U NOObIYHbIe paboThl. [IpoBegeHHbIE MCCIeA0BaHMS
CITOCOOCTBYIOT Pa3BUTHIO O0jiee TOUHBIX MHCTPYMEHTOB ITPOTHO3MPOBAHMUS U CHVDKEHMUS
PUCKOB B TOPHOIOOBIBAIOIIEI OTPACIIMN.

KimroueBble cjioBa: [eomexaHMKa, MacCUB TOPHBIX ITOPOJ, 6I0OYHOE CTPOEeHMEe, SKBMBAJIEHTHBIE
MaTepuasbl, MOIEIPOBaHNE

JUSTIFICATION OF THE METHOD FOR MODELING THE GEOMECHANICAL STATE
OF A BLOCK-STRUCTURED ROCK MASS USING EQUIVALENT MATERIALS

Zulfiia Atamyrzaevna Asilova!, Olga Viktorovna Nikolskaya?

Jalal-Abad International University, Kyrgyz Republic

Unstitute of Machine Science, Automation, and Geomechanics of the National Academy of Sciences of the
Kyrgyz Republic (NASKR), Kyrgyz Republic

Abstract

The article examines a method for modeling the geo-mechanical state of a block-structured
rock mass using equivalent materials. A well-founded approach is proposed that takes into
account the structural and mechanical characteristics of the rock mass during research. The
principles for selecting equivalent materials, the methodology for their application, and
an analysis of the reliability of the obtained results are described. Examples of modeling
are presented, demonstrating the effectiveness of the developed method for predicting the
stress-strain state of rock formations. The results obtained can be used in the design of
mining and engineering structures, as well as for assessing the stability of rock masses under

Ne1 Issue I 2025 (P ejsmr.org [119



EJSMR e Enviornmental science

various anthropogenic influences. The proposed method can be adapted to study complex
geo-mechanical processes, including seismic impact and mining operations. The conducted
research contributes to the development of more accurate forecasting tools and risk reduction
in the mining industry.

Keywords: Geomechanics, rock mass, block structure, equivalent materials, modeling
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BBenenue

BrouHasi reoMexaHuyeckass MOJedb — 9TO MOJedb, OCHOBAaHHAs Ha TIeO0JOTMYeCKOii
(TMTOMIOTMYECKOIT) MOV, BKIIOUAIOIIEei CBeIEeHMS O CTPYKTYPHBIX 0COGEHHOCTSIX MacCuBa,
pPeMTUHTOBBIE ITOKA3aTe/lu U HeobXomuMble rmapamMeTpbl. OHA COMEPKUT TeoMeXaHudYecKue
XapaKTePUCTUKY, VICITOJIb3yeMble [IJISI OLIeHKM YCTOMUMBOCTY ITOJ3€ MHBIX TOPHBIX BBIPaOOTOK,
a Takke 6e30ITacHbIe 3HAUEHMSI 5JIEMEHTOB FOPHBIX PabOT M KOHCTPYKTMBHBIE MTapaMeTPhbI
cucTeM pa3paboTKM.

JIuTonoruyeckast MOfeJib — 3TO MOJIe/b, CoAepyKallas MHQOPMAaLMIO O pa3andusIX BJIUTOIOTUN
U TlapaMeTpax PYOHBIX TeJ, OTpPakawllas OCHOBHbIE CTPYKTYpPHbIE U JIUTOJIOTMYECKUe
ocobeHHOCTM ydvacTka Hemp. OHa obecreuynBaeT KOMIUIEKCHOE IIpeACTaB/leHe O €ero
reoJIorTMUYeckoOM CTpOeHuM. B cocTtaB Mopeny BXOAST OJIOUHAs JIMTOJIOTMYECKAas MOIEb,
KapKacHas MOZeJib JIMTOTUIIOB U TEeKTOHMYECKMUX HapylieHu. Mogeinb COCTOUT U3 sT4eek
CTaHIAPTHOTO pa3mepa, OIpeleasieMOoro IpenrnpusTueM OJjsi I[IOCTPOeHUSI MOMe/un
MUHepann3auum, Kaxzaas U3 KOTOPBIX COLEPXKUT CBeOeHUS O JUTOTUIIaX (KOOUPOBKA),
IUIOTHOCTU, CTEIIeHSIX OKUCIeHUS, BIaKHOCTU U rapameTrpax RQD (ipu ux Hanuuun).

[IpakTMUeCcKuii OIBIT NPUMEHEHUS Pa3IUYHbIX METONOB WUCCAeLOBAHMS HAIIPSKEHHO-
nedopmupoBaHHoro coctostHMst (HIC) 6I0UHBIX 1 CJTOMCTBIX TOPHBIX MaCCMBOB ITOKA3bIBAET,
YTO OJHMM M3 Haubosee MepcreKTUBHBIX TMTOAX0A0B IJIs1 M3y4eHMs TOJ00HbBIX HeMHeTHbIX
MPOLIECCOB B PA3JIMUHBIX TOPHOTEXHUYECKUX VYCIOBUSIX SBJISIETCS MOIEIMPOBaHMeE C
MCIIO/Ib30BaHMeM 3KBUBaJIEHTHBIX MaTepuanoB (OM). [laHHbIT MeTon, pa3paboTtaHHblit I H.
Ky3Hen,0BbIM 1 MOYUMBUINI TIPAKTUUYECKOe IIPUMEHEeHNe B er0 UCCAeJOBAaHMSIX, a TAKKe B
pabotax M.®. llIknsipckoro, M.H. Bynbsko, M.C. 3noTHukoBa, ®.I1. TnymmxmHa, A.A. Bopucosa
u B.I1. 3yboBa, MO3BO/IMI PELIATD PsIi, HAYUHBIX U MPUKIAAHBIX 3a1a4. B pe3ynbrate 6bU1M
BBISIBJIEHbI OCHOBHbIE KaueCTBEHHbIe 3aKOHOMEePHOCTH Mexay napamerpamu HJC ropHoro
MaccyuBa U pa3JIMYHbIMM T'e0JIOTUUECKUMU Y TOPHOTEXHUUeCKUMM haKTopamMu.

B pa6borax O.I1.InymmxmuHa, M.B.Kypnenu, B.H.PeBbi, M.A.Posen6ayma, I.JI.OuceHKo,
E.NM.llemsikuHa, M.OD.IIKISIPCKOTO YCTAHOBJIEHO «SIBJIEHME 30HAJIbHOM Oe3MHTerpauun
TOPHBIX TIOPOJ, BOKPYT ITOA3€MHBIX BbIpabOTOK» [1]. DTOT MeToH;, OCHOBaHHbIV Ha 6ase
kputepueB nogobust I'H.Ky3HeroBa, momyumi pacrpocTpaHenue 6ojee yeM B 30 cTpaHax
vupa: T'epmanun, Kurae, ®panium u ap. B mocregHee BpeMsi meTop, Hambosiee 4acTo
npuMmensietcss B Kurtae npu peunieHMnM pas3auMuHBIX reoMexaHM4yeCKux 3angad. Hampumep,
pelieHue mpobseM pa3paboTKM ITyOOKO 3ajerarlix MecToOpoKaeHuii [2, 3], ucciemoBaHne
MIPOIECCOB MMHAMMUYECKMUX CABVIKEHMIA MPU pa3paboTKe IMOJIe3HbIX MCKOIMaeMbIX, BIVSHUS
TPEIIMHOBATOCTY KPOBJIM Ha MapaMeTpbl MY/IbAbl CIABVOKEHMI, OUCIIEPCHOTO COCTaBa
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MaTepuasaoB Ha Ux e opMallMOHHbIe XapaKTePUCTUKM [4], TPOLeCcCOB pa3pylleHus LieTMKOB
[5]-

[ToctanoBka mpo6ieMbl. COBpeMEHHbBII YpOBEHb Pa3BUTUS MeTOIAa MOAEIMPOBAHUSI C
MCITO/Ib30BaHMEM SKBUBAJIEHTHBIX MaTepuasioB (OM) He B IIOJHOM Mepe pacKpbIBaeT ero
TTOTEHIIMA JIJISI TOUHOTO BOCIIPOM3BEIEHMSI ¥ HAJIESKHOTO M3YyUeHUS] CJIOKHBIX TTyOMHHBIX
IMHAMUYECKUX MPOIeCCOB, CBSI3aHHBIX C TpaHCchOpMalyein CTpYKTYp U GuU3ndecKkux Ionei
TIpY TIO[I3€MHOJ A00bIUe TBEPABIX IOJE3HbIX MCKOMaeMbIX. [IoIToCpoUYHble MCCaen0BaHMs,
npoBeneHHble BO BHUMMU n CaHkT-IleTepOyprckoMm ropHOM YHMBEPCUTETE, MOKa3aIH,
YTO pellieHue 3TOi MpobaeMbl BO3SMOXKHO JIMIIIb ITyTeM pa3spaboTKM HOBOW MeETOMOIOTUM,
OCHOBAHHOI Ha 0ojiee YHUBEPCAJTbHBIX KPUTEPUSX MOA0OMSI. DTO BKIIIOYAET CO3[aHMUe
COOTBETCTBYIOIIMX TUIIOB M U TeXHUUECKUX pelleHNi, 00ecreunBaioiMx COOTBETCTBIE
HaYaJIbHBIX ¥ TPAHUMYHBIX YCIOBUII MOAENIMpPyeMOi 007acTu MacCuBa, OOCTOBEPHOE
BOCITPOM3Be[leHe Pa3IMUHBIX TOPHBIX PabOT, a TakKe MCCAeIOBaHME B3aMMOMENCTBUS
busmueckux mosei, AMHAMMUUECKMX TTPOIIECCOB M SHEPrOOOMeHa.

OCHOBBI MOJENMPOBAHMSI Ha IKBUBAJIEHTHbIX Marepuanax. COBpeMeHHble HaydHbIe
TIpeICTaBIeHMs] O MOMOOHBIX (GU3UUECKUX SIBIEHUSIX Haualu (OPMMPOBATHCS B CEpemyHe
XIX Beka. B Tpymax JK. Beprpana, Panes, T. A. AbanacbeBoii-dpeHdect, JK. Bykuarema u A.
denmepmaHa ObLIM OIMpeae/ieHbl OCHOBHBIE IPUMHIMIIBI MOA00MS (GU3NUYECKUX ITPOIECCOB,
OCHOBaHHbIe Ha aHa/M3e pa3MepHOCTeli, TeopeMe HblOTOHA O IMHAMMUUYECKOM ITOIOOMU U
COOTHOIIEHMM MEXIY YMCIOM 6e3pa3MepHBIX KOMITJIEKCOB M Pa3MepPHBIMM BeTMUMHAMMU, UX
OTIpeesSIIoIIVIMMA.

B manpHeliIeM Teopus mogo0ms Ioay4umsia passurtue B paborax M. B.Kuprimuesa,JI. . CeoBa,
IT. K. KongakoBa. Ee mpuMeHeHMe B reoOMexXaHMUeCKUX UCC/IeTOBaHMSIX aKTMBHO Pa3BMBaIOCh
onaromapst Tpynam I. H. KysHerioBa, A. A. BopucoBa 1 Ipyrux yu4eHbIX, YTO CITIOCOOCTBOBAJIO
COBEPIIEHCTBOBAHMIO  METOIOB  MOJEIMPOBAHUS  HAIMpPSLKEHHO-Ae(hOpMUPOBAHHOIO
COCTOSIHMSI TOPHBIX MaCCUBOB C MCIIOJIb30BaHMEM 3KBMBAJIEHTHBIX MaTepUaJioB.

OcHOBHas 4acTh
KitoueBbIMM 37IeME@HTaMM TeOpUM TTOA00MST SIBJISTIOTCST CBSI3aHHbIE MeKAYy C000¥i KOHCTaHThI
1og00MsI, BEeIMUMHBI KOTOPBIX OIIPENeISIIOTCS OCHOBHBIMM (DU3MUYECKMMM 3aKOHAMIU.
BoiBemenHoe eme JK.beprpaHomM MaTeMaTuuyeCKOe BbIpaKeHMe [JjisI WMHBapuaHTa
IVHAMMYECKOTO IToH0o0MsI OCHOBBIBAJIOCh HA OOIEeM ITIOHATUM AMHAMMUYECKOIro I10mo0us,
BbICKa3aHHOM HbIOTOHOM, MMO3TOMY 3TO MaTeMaTuyecKoe BbIpaskeHlMe Ha3bIBAalOT OOBIYHO
«3aKOHOM Tmomo6usi HpiooTroHa». B pabore [6], NmpMBOOUTCS MaTeMaTUYeCKuil BbIBOJ
9TOro 3aKOHA, OCHOBAHHOTO Ha OOecHeueHUM TeOMeTPUYECKOTO, KMHEeMAaTUUEeCKOro Wu
IVMHAMMUUYECKOT0 MOomo0usi, KOTOPbIii B KOHEUYHON (hOopMe MOXKET OBbIThb BBIPAKEH B BUIIE
YpaBHEHUS:

Put} _ Pmth

pulh Pmlm

. P P )
= idem wm————=—"—=inv

Pmamlgn Pnanl%

i)

P t, p, |, a — COOTBETCTBEHHO CIJIa, BpeMsl, INIOTHOCTb, pa3Mep 3JIeMEHTa, yCKOPeHME;
m u n — MUHAEKChI, COOTBETCTBYIOIIME MO/ U HATYpE;

idem — o603HaueHue unucia HpioToHa;

inv — HeKOTopoe 6e3pasMepHOe UMCIO0 (OTIPeIeISTIOIINIA KPUTEPUiA ITOI00Ms).
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B nmanbHeiiiem menaeTcsl MpeanoioxkeHue, yto «aedbopmainuym U paspylieHUs] MOPOMIbI
IIPOMCXOMST B pe3yJibTaTe AeliCTBUS CUJI TSDKeCTU» U BBIBOZ, YTO am = an = g=const, 1ocJjie yero
1711 BBIOOpa SKBMBAJEHTHBIX MAaTePMaJIOB OIpeesisIeTcs UX Xapakrepuctuka N, mMmeromas
pPa3MepHOCTb «CUJIa, fieJIeHHAas Ha IUIoIaaby [6]. B aToMm ciyyae:

Py li)=P/yl;=inviumN /(y [ )=N/(y [ )=idem
IlaHHOe ypaBHEHME ¥ COOTBETCTBYIOLIME €My KPUTEepUM TIOm00MsI MCIIONb3YIOTCS B
HeM3MeHHOM Bue MpaKTUYecKy BO BceX paboTax Mpu UCI0Nb30BaHMUM JaHHOTO MeToza [7].
Ha ocHOBaHMM 3TUX KpuUTepueB mopdbupatorcs Tumbl IM [8,9], onpenensitoTcsi mapaMeTpbl
TeXHUYECKUX YCTPOVICTB M CTEHIOB IJIsI 0OecreyeHMs] HavyaJIbHBIX M TPAHUYHBIX YCIOBUIA
B ucoienayemoit obnactu maccuBa [9]. M3 momoOpaHHBIX TUIIOB DM M3rOTaBIMBAIOTCS
MO/JIEJIV TOPHBIX MAaCCMBOB, MOJIEJIMPYIOTCS Pa3aMUHbIe TUIIbI TOPHBIX PabOT, UCCIEIYIOTCS

rpo1ieccsl [ehOpMUPOBAHMS U pa3pylieHus TOPHBIX mopox [10], ocyiiecTBisieTcss B3auMHOE
TeCTUPOBAHME METOIOB YMCJIIEHHOTO U (PM3MUeCKOT0 MOJAeTMPOBAHMSI.

BeiBefenHoe I.H.Ky3HEI[OBBIM COOTHOIIEHWE OTHOCUTCS K JIIOGOMY OIHOPOTHOMY IIO
«IUIOTHOCTM» Y «M30TPOITHOCTM» 3JIEMEHTY FOPHOTO MaccuBa B hopMme Kyba ¢ pasmMepamiu,
MO3BOJISTIONIVIMM CUMTATh €r0 KBAa3MOTHOPOAHBIM. Is1 GJIOYHOTO MaccuBa HEOO6XOIMMO
BBOAUTDH TOM06MSI HE TOJBKO AJIS MOAO06MS TI'paBUTALMOHHOTO, HO M IOJ00ME CBOVICTB
3aTIO0JTHUTEJIST MEXOJIOKOBOTO ITPOCTPAHCTBA.

B Hacrosiee BpeMsd B IIPAKTUKY OLEHKM COCTOSAHMS MaCCHMBa I'OPHBIX IMOPOO IIPMMEHSIIOT
YMCJI€HHbIE MeTOA bl MOOEeJIMPOBAHMNSI.

3aKkaoueHue

[IpoBenmeHHbIVi aHanM3 IoATBepkgaeT 3(GEeKTMBHOCTh MeTOda  MOJeJIMPOBaHMS
reoMexaHN4eCKOI'o COCTOSTHMSI MacCYMBaTOPHBIX IOPO/I 6JI0UHOT0 CTPOEHMS C UCIIOIb30BaHEM
9KBMBAJIEHTHBIX MaTepuasaoB. J[aHHAs MeTOAMKA IO3BOJISIET YUUTBIBATh CTPYKTYpPHbIE
M MexXaHMYecKyue OCOOEHHOCTM MaccuBa, obecreumBasi 6ojiee TOYHOE BOCIIPOV3BEIEHNE
peasibHbBIX IIPOLeCcCcOoB AeOPMUPOBAHMS M Pa3pyIIeHMSI TOPHBIX ITOPO/.

PGSYJIbTaTbI MOOEJIMPOBAHMA  IIOKA3bIBAlOT, UYTO  MWCIIOJIb30BdHME  SKBUMBAJIEHTHbIX
MaTepmnajioB CHOCOGCTBY@T ITOBBIIIEHMIO OOCTOBEPHOCTHM IIPOTHO3MPOBAHMA HAIIPAKEHHO-
,Z[e(bOpMI/II)OBaHHOI‘O COCTOAHMA TOPHbIX MaCCMBOB, UTO 0COOEHHO BaKHO Inpn
IIPOEKTUPOBAHNUNM T'OPHOTEXHNYECKUX 00OBEKTOB U OLl€eHKe UX YCTOI‘/JI‘II/IBOCTI/I K pa3/IM4YHbIM
TEeXHOTI'€HHbIM BOB,Z[EVICTBI/IHM.

Kpome ToOro, mpemiokeHHbII MeTOH o00jamaeT BBICOKOW amallTUBHOCTBIO, UTO [IejIaeT
€ro IepCHeKTUBHBIM [JISI M3YUYEeHUSI CJIOKHBIX TeOMeXaHMYeCKMX IMPOIEeCCOB, BKIIKOYAs
ceiicMMUYeCcKye BO3IeiCTBMS M JOObIYHbIEe paboThI. B JambHeriiemM TaHHbI METOI MOXKET ObITh
YCOBEPIIEHCTBOBAH 3a CUET paclIypeHms 6a3bl IKCIIePUMEHTATbHBIX JAHHBIX M Pa3padoTKM
HOBBIX TUIIOB 3KBMBAJEHTHBIX MAaTEpPUAJIOB C YIYUIIEHHBIMU (HU3UKO-MeXaHUIeCKUMU
XapaKTepUCTUKAMMU.

Takum O6p&30M, UCCaeqoOBaHMUsI B JTAHHOM obacTu CHOCO6CTBYIOT Pa3BUTUIO TOUYHBIX
VMHCTPYMEHTOB MOOEJIMPOBAHUA M ITPOTHO3MPOBAHNS, UTO ITO3BOJIMT IIOBBICUTD 6e30I1aCHOCTh
T'OPHBIX pa60T M MMHUMMNW3NPOBATb TEXHOT'€HHbIE PMCKNA.
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AHAINN3 YNCNEHHbLIX METOAOB MOAEJINPOBAHUA U OLLEHKWK
YCTOWYNBOCTU OTBAJIOB HA HATOPHbIX MECTOPOXOEHUAX

AcuioBa 3ynbhust Atrambip3aeBHa', [xkakynoekoB benek TopoKkymoBuy?
DKanan-Abamckuii MeskIyHapOIHbIi YHUBepcuTeT, Kpipreisckas Pecry6imka
MIHCTUTYT MaIlMHOBEeIeHMs, aBTOMATUKM U reoMmexanuky HAH KP, Keipreisckast Pecriy6imka

AnHoTtauusa

B n[aHHOI cTaTbe pacCMaTpPUBAIOTCS UYMCJIEHHbIE METOAbl MOZEIMPOBAHUS U OLIEHKU
YCTOMUMBOCTU OTBAJIOB, YTO SIBJISIETCSI Ba)XKHOJ 3aJayeil B TOPHOM [iejie U MHKeHepHOM
reotexHuke. [IpyBeeHbl COBpeMeHHbIe TTOAX0/bl K YMCIEHHOMY MOZAEIMPOBAHNIO, BKIIOYas
MeTOJ KOHe4YHbIX 371eMeHTOB (MKD) n meTton kKoHeuHbix pasHocTeii (MKP), ro3sossitoiiye
YUUTBIBATh CJIOKHBIE TeoMeXaHM4ecKue mpouecchl. OnmcaHbl KPUTEPUM YCTOMUMBOCTU
OTBAJIOB M IMapaMeTpbl, BAUSIONIVE Ha X CTaOMIbHOCTD, TaKMe KaK (pU3MUKO-MeXaHuYecKue
CBOJICTBa I'PYHTOB, YTOJl HAKJIOHA U BHeEIIHMe Harpy3ku. [IpoBeseH cpaBHUTE/IbHbIN aHAIN3
MCIIO/Ib30BaHMSI MPOrPAMMHOI0 ObecIieyeHus], a Takke IPeAJIoKeHbl PEeKOMEHIALU TI0
MpYMeHEeHMI0 TPOTPAaMMHOI0 MPOAYKTa [IJisi TPOrHO3MPOBAaHMSI BO3MOXKHBIX Aedopmalinii
" MpeIOTBpallleHsT aBapUITHbIX CUTyaluit. [ToiyueHHbIe pe3y/lIbTaTbl MOTYT ObITh ITOJIE3HBI
TIpY TIPOEKTUPOBAHUY U IKCILTyaTal[M TOPHOTEXHUUECKUX 0OBEKTOB.

KiroueBblie cioBa: UncieHHOe MOAe/IMpoBaHue, YCTOMUMBOCTb OTBAJIOB, METOJl KOHEUHbIX
anemeHToB (MK3), MeTox KoHeuHbIX pasHocTeii (MKP), nedopmaiuiy rpyHTOB

ANALYSIS OF NUMERICAL METHODS FOR MODELING AND ASSESSING THE
STABILITY OF WASTE DUMPS IN HIGHLAND DEPOSITS

Zulfiia Atamyrzaevna Asilova!, Dzhakupbekov Belek Torokulovich?

!Talal-Abad International University, Kyrgyz Republic

Nnstitute of Machine Science, Automation, and Geomechanics of the National Academy of Sciences of the
Kyrgyz Republic (NAS KR), Kyrgyz Republic

Abstract

This article examines numerical methods for modeling and assessing the stability of waste
dumps, which is a critical task in mining and geotechnical engineering. Modern approaches
to numerical modeling are presented, including the Finite Element Method (FEM) and
the Finite Difference Method (FDM), which allow for the consideration of complex geo-
mechanical processes. The criteria for waste dump stability and the parameters affecting their
stability, such as the physical and mechanical properties of soils, slope angle, and external
loads, are described. A comparative analysis of software applications is conducted, and
recommendations are provided for using software tools to predict potential deformations and
prevent emergency situations. The obtained results can be useful in the design and operation
of mining facilities.

Keywords: Numerical modeling, waste dump stability, Finite Element Method (FEM), Finite
Difference Method (FDM), soil deformations
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BBenenmne

Pa3BuTie TOPHOMOOBIBAOIIE) MPOMBIIIIEHHOCTY TpebyeT BHEAPEHUS COBPEeMEeHHBIX
MeTOAOB aHa/IM3a U MPOTHO3MPOBAHMS YCTONIMBOCTY TOPHBIX MAaCCMBOB U OTBaJIOB. OMHUM
13 Hanbonee 3phHeKTUBHBIX IOAXOAO0B SIBJISIETCS YMC/IEHHOe MOAEeIMPOBaHNe, T03BOJISIIOIIee
YUUTBIBATh CJIOSKHBIE TeOMexXaHUYeCKye MPOoIecChl, TPOTeKalole B MacCuBe TOPHbIX ITOPO/I.

[Ipobrema yCTOMYMBOCTM OTBAJIOB OCOOEHHO aKkTyajJbHa IIpM pa3paboTKe HAropHbBIX
MEeCTOPOXIEHMI, TaK KaK HapylleHWe UX YCTOMYMBOCTY MOXKET IPUBECTU K OOPYIIEHUSIM,
OedbopMalusIM M aBapUIfHBIM CUTYyallMsIM, HAHOCSIIIIMM 3HAUUTE/bHbI/i S9KOHOMUYECKUIT U
3Kojioruueckuit yiiep6. [loaTomy Mcrmoab3oBaHMe TOUYHBIX M HAJEKHBIX METOHOB OIeHKU
YCTOMUMBOCTY SIBJISIETCS BaYKHOM 3a7laueli [Ipy MPOEKTUPOBAHUM U IKCIUTyaTaL[iX HAaTOPHbBIX
00BEKTOB.

CoBpeMeHHbIe UM C/IeHHbIe MEeTObl, TaK/e KaK MeTOZ KOHeuUHbIX 37ieMeHTOB (MKD) [1] umeTon,
KOHeuHbIX pasHocTeit (MKP) [2], TO3BOMSIIOT YUUTHIBATD pas3indHble (U3UKO-MeXaHUuUeCcKue
CBOVICTBA TOPHBIX IIOPOL, TUAPOTe0/IOTMYeCKIe YCIOBUS U BHEIIHMEe HAaTPY3KU. DTU METOIbI
HaXOJSIT MIMPOKOE IIPUMeHeHNe B re0TeXHMUYECKOM aHa/ln3e, IIoMOoras UCC/Ie0BaTh BAMSHME
pasInyHbIX (PAaKTOPOB HA YCTOMUMBOCTb CKIOHOB 1 OTBAJIOB.

B maHHOI cTaTbe pacCMaTPUBAIOTCS OCHOBHbBIE MOAXOAbI K UMCIEHHOMY MOAEIMPOBAHUIO
MacCCHBOB, aHAM3UPYIOTCS GaKTOPBI, BAMUSIOINIME Ha YCTOMUMBOCTD OTBAJIOB, M ITPe/IJIaraloTCst
peKoMeHJalMu MO TMPUMEHEHUI0 COBPEMEHHbIX MeTONOB OLIeHKM YCTOMUMBOCTU B
TOPHOTEXHNYECKOJ MpaKTUKe.

OcHOBHAas 4acCTh

UncieHHOe MOe/IMpOBaHMe SIBJISIETCS MOLIHBIM MHCTPYMEHTOM [IJ151 aHa/IM3a YCTOMUMBOCTH
MacCUMBOB M OTBajioB. OHO MO3BOJISIET YUYUTHIBATh CJIOKHbIE reOMeXaHMUecKue IPOIecChl,
TIPOrHO3MPOBATh BO3MOKHbIE Aedopmaliyy 1 pa3pabaTbIiBaTh MePHI 10 UX IPeAOTBPAIeHAIO.
B coBpeMeHHOI1 ITpaKkTHKe UCIIOAb3YITCS CJIeAyIoliie OCHOBHbIE METO/IbI:

1. Merton KoHeuHbIX 3jaemMeHTOB (MKD)- sTO0 MeTonm SBjsSIeTCS OOHMM U3 Haubojee
pacIpoCTpaHeHHbIX BMH)XeHepHOolireorexHyke. OHIO3BOJSeTAMCKPETU3MPOBATh PACUETHYIO
007aCcTh Ha KOHEUHbIE 3JIEMEHTHI (TPEyrojibHble, YeThIPEXYTOJNbHBIE, TeTpadApUIecKue U
IIp.), YTO AejaeT BO3MOXKHBIM MOAEIMPOBaHNe CJIOKHBIX TeOMeTpuii U PU3UUeCKUX CBOCTB
ropog, [1].

[TpeumyiecTBaMy MeTOA SIBJSIIOTCSI: BBICOKAs TOUHOCTb pacyeTOB IPU HAIMUUM CJIOKHBIX
reoJIOTMYECKMX YCJIOBUIA; BO3MOKHOCTb yueTa HeJMHENHOro IOBedeHMs MaTepuaaoB
(TUIACTUYIHOCTD, TPEIIVHOBATOCTD) ; TMOKOCTDb B MOAEIMPOBAHNM CJIOSKHBIX MOl , BKIIoUast
OUHaMM4ecKye BO3IecTBUS.

HepocTaTkamu SIBJISIFOTCS : Tp960BaTeIIbHOCTb KBbIUMCIINTEJIbHBIM pECYPCAM ; HeO6XO,E[I/IMOCTb
AJeTaJIbHOTO 3adaHMs I1apaMeTpOB ITOPO.

2. Metopn, koHeuHbIX pasHocTeli (MKP)- 3To MeTon KOTOPBI MPUMEHSIETCS IJIS1 YMCTI€HHOTO
pemeHus auddepeHIIMaIbHBIX ypaBHEHMI, OMMCHIBAIOIINX MeXaHMUeckoe IIOBeleHNe
rOpHbIX TOpon. OH MCIONB3YyeTCs B MPOrpaMMHBIX KOMIuIekcax, Takux Kak FLAC3D, u
MO3BOJISIET MOJIE/TMPOBATH IMIPOLIECCHI B YCIOBUSIX OOMbIINX TUIACTUYECKUX Aedopmaninii [2].
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HpeI/IMYI.LIeCTBaI IIPOCTOTa peanmn3almm M BbICOKAA CKOPOCTb BBIUMCJIEHUIA; Xopomiasd
agarnTanysga K 3agadaM MOOEJIMPOBaHUMA AMHaAMMUYECKUX IIPpOIeCCOB; BO3MOXXHOCTb ydeTa
M3MeHEeHMSsI CBOJICTB ImopoJ BO BpeMEHMN.

HenmocraTkamm SBASIOTCS CBOVCTBA KaK: MeHee TOYHOe MOJeIMpPOBaHMe CI0XKHBIX IPaHUL]
¥ HEOOHOPOAHOCTeN Mmo cpaBHeHMIO ¢ MK3; orpaHu4yeHHbIe BO3MOKHOCTU [OJI aHa/IM3a
CJIOXKHBIX KOHCTPYKIMIA.

3. Meton pOucKpeTHbIX 3jeMeHTOB (MIID)- 3TO MeTond, KOTOpbI TIPUMEHSETCS MOJIst
MOJIEJIMPOBaHMS TIOBeIeHMs Pa3apoOJeHHbIX M ChIMyunx maTepuasoB. OH OCHOBaH Ha
pPacCMOTPEHUM OTOEIbHBIX YaCTUI[ FOPHBIX TOPOJ, B3aMMOENCTBYIONIMX MEXIY COOOJA.
HaHHbI MeTo 3(pdeKTUBEH IpK aHaIM3e TPelMHOBAThIX MAaCCMBOB M OTBAJIOB [3].

[IpeumyliiecTBaMu SIBJISIIOTCSI CBOJMCTBA KaK: MOAXOOUT OJisi MOAEIMPOBAHUSI pa3pylieHUs
M OOpYyIIeHMSI TOpPOM; YUYMTHIBAET B3aMMOJENCTBME uacTUIl U (GOpPMMUPOBAHME TPEIIVH;
M03BOJISIET aHATM3UPOBATh AMHAMMUYECKMe ITPOLeCCh, TaK1e KaK ceiicMuyecKoe BO3eicTBIe.

HepocTaTKu: BbICOKAS BBIYMCIUTEIbHAS C/IO>KHOCTD; TpEGYET O0JIBIIIOTO KOIMUECTBA BXOIOHBIX
IIapaMeTpoOB OJid TOYHOI'O MO e/JIMPOBaHMAI.

4. TubpumHbie METOIbI. B TpaKkTHKe MHXKeHEePHBIX PACYETOB YACTO IIPUMEHSIETCSI KOMOMHALIVS
HECKOJIbKMX YMCIeHHbIX MeTomoB. Hampumep, coBmeimnenne MKO u MID mo3Bonser
YUMTHIBATh, KAaK CIUIOIIHbIE, TAK ¥ AVCKPETHBIE CBOCTBA MACCHBa, YTO JaeT 60jiee TOUHbIE
IIPOTHO3bI YCTOMUMBOCTH [1, 3].

AHanu3s (baKTOI)OB, B/IMAIOIINX Ha YCTOI‘/JI‘II/IBOCTIJ OTBaAJIOB ITIOKA3bIBAET, UTO YCTOIZ‘IMBOCTB
OTBaJIOB TOPHBIX IIOPOA SBJIAETCA OILHOI‘/JI 3 OCHOBHBbIX HpO6JI€M B T'OpHOM pdejie "
reoTexHlkKe. HaDYH_IEHI/Ie YCTOI}JILII/IBOCTI/I MOXET IIpUBeCTU K OGpYH_IeHI/IHM, I[eq)OpMaLU/IHM n
3HAUNUTEJIbHbIM 3KOJIOIMYECKNMM M SKOHOMMUYECKUM ITOC/IEACTBUSIM. PaCCMOTpI/IM OCHOBHbIE
(baKTOpr, B/IVAIOIIME Ha YCTOVI‘II/IBOCTB OTBaJIOB.

leosornuecke U TeoTexHUYecKue (aKkTOpbl, KOTOpbie OIpeNessioT MeXaHUueckoe
ToBe/ieHVe I'PYHTOB U ITopof, popmupyroniux orBajibl. K aTum pakTopam oTHOCSTCS G1U3UKO-
MeXaHMUeCcKMe CBOMCTBA MOpoJ, (IJIOTHOCTb U MOPUCTOCTD, IIPOYHOCTHbIE M CIBUTAIOIINE
XapaKTepUCTUKU, CTPYKTYpHast HEOAHOPOJHOCTD U TPEIIMHOBATOCTb ITOPOT), MMHEPaTbHBIN
COCTaB IpoJ, TUAPOTeoIoTHIeCKN e U KIuMaTUuecKe yCI0BUSsI

TeomeTpuyeckme XapakKTePUCTUKM KaK BBICOTA OTBaja, YroJ HaK/JIOHA CKIOHA. ITpodwiib
1 hopma oTBasia (CTyIeHYaThle OTBAJIbl OOJIee YCTONUMBDI, TaK KaK CHMKAIOT HArpy3Ky Ha
HIKHME CJIOU, TIOJIOTHE OTKOCKI ITO3BOJISIIOT PABHOMEPHO PaCIIpelessiTh HAaTPy3Ku)

HeMmasioBaskHOE 3HaUEHMe MMeeT ¥ BHeIlIHMe Harpy3Ky Kak BUOpaIus OT paboThl KapbepHOIA
TEeXHUKU, CeiicCMMUUeCcKe Harpy3Kyu 1 TeXHOTeHHbIe M3MEeHEHMSsI CTPYKTYP B BUE B3PbIBHBIX
paboT, HepaBHOMEPHAsI OTCHIIIKA.

CoBpeMeHHbIe ITPOTPAaMMHbIE KOMIUIEKChI WIPAlOT OCHOBHYIO pOJb B MHKEHEPHOI
reoTexXHMKe, MO3BOJISISI TPOBOAUTD UMCIEHHBIN aHAIN3 YCTOWYMBOCTY OTKOCOB, OTBAJIOB U
Ipyrux 06beKTOB. OCHOBHOI 1I€/TbI0 TAKMX PACUETOB SIBJISETCS onpeneneHne KkosgduimeHTa
3araca yCTOMYMBOCTM, KOTOPBIV ITOKa3bIBAeT CTEIEeHb HAJEKHOCTY KOHCTPYKIUU WIN
reoTeXHNYeCKoro 00beKTa.

PaCCMOTpI/IM Beayuiye rporpaMMHbI€ ITPOAYKTbBI.

PLAXIS - ogMH M3 caMbIX MOIIHBIX MHCTPYMEHTOB [JisI MOMAEIMPOBAHUSI CIOXKHBIX
reoTexHUYeCKMX 3a7ay, BKIOYAs OLeHKY YCTOMUMBOCTU CKJIOHOB M OTBaJIOB. [Iporpamma
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OCHOBaHa Ha MeToJle KOHeUHbIX 37eMeHTOB (MKD), uTo 1M03BOJISIeT YUUTHIBATh HEIMHEeHbIe
CBOJICTBA I'PYHTOB, TUIaCTUUYeCKKe AedhopMaluy, BIUSIHNE [TOA3eMHbIX BOJ, ¥ AMHAMIYecKe
BO3JeicTBUA [4, 5].

[IpeumyIiecTBa: BbICOKASI TOUHOCTb MOZAEIMPOBAHMSI 3@ CUET MCIOJb30BAHMUST CJIOXKHBIX
rpyHTOBBIX Mogmeneit (Mohr-Coulomb, Hardening Soil, Soft Soil, Cam-Clay u gp.);
BO3MOXHOCTh yueTa TUAPOTeOJOTMUECKUX YCIOBUI ¥  (QUIBTPALIMOHHBIX ITPOIIECCOB;
noAAepskKa ABYXMEpPHOTO U TPeXMEPHOIo aHaan3a; TMOKOCTh B MOAEIMPOBAHMUY BHEITHUX
Harpy30K (BUOpalum, ceiicMuKka, CTpOUTENbCTBO).

HemocTaTku: BbICOKAsi CTOMMOCTD JIMIIEH3UM; BbICOKME TPeOOBAHUSI K BBIUMCIUTEIbHBIM
pecypcam; TpebyeTcsl KBaIM@UIMPOBAHHbIN IT0Tb30BATEb.

GeoStudio (SLOPE/W) - crnenyanu3upoBaHHbIi MHCTPYMEHT I aHaAM3a YCTONUYMBOCTU
CKJIOHOB, OTBAJIOB, JaMb 1 HachImeii. Vicronb3yeT MeTop ripefenbHoro paBHosecus (MIIP),
MO3BOJISISI PaCCUMTBIBATh KOA(POUIMEHT 3amaca YCTOMUMBOCTU C YUETOM Pa3IMUYHbBIX CXEM
paspyuieHus [6, 7].

[TpenmyiecTBa: pasHoobpasye MeTonoB pacueta (Bishop, Morgenstern-Price, Janbu, Spencer
U IIp.); UHTYUTUBHO MOHSITHBIN MHTepdeic ¥ yIoO6CTBO pabOThl; BO3MOKHOCTb MHTETPAIIAY C
npyrumu moxpynsimu GeoStudio [1J1st KoMIIIeKCHOTo aHanm3sa (Haripumep, SEEP/W njis yueta
buibTpanyn); MOAXOOUT AJIs1 OBICTPOrO pacueTa YCTOMIMBOCTY 6e3 CJIOKHOTO UMCI€HHOTO
MOZe/IMPOBaHMUS.

HemocTaTkyu: He yuMThIBAeT IulacTudeckue aedopmaiuyu maccuBa (B oTanume ot MKD);
OrpaHMYeHHast BO3MOXHOCTb aHa/In3a CJIOKHBIX TeOMeTPUit.

FLAC3D - MOIIHBI MHCTPYMEHT [JisI UYMCIEHHOTO MOZEe/JMPOBaHUSA TOPHBIX U
reoTeXHNYECKMX OO0BEeKTOB. Vcmonb3yeT MeTon KoHeuHbIXx pasHocTeit (MKP), KOTOpPbIi
II03BOJISIET aHAIU3UPOBATH MTOBEeJeHMe MacCUBa MO OelICTBMEM Harpy3O0K, BJAUSHUS BOIBbI,
celicMMUUeCKMX BO3AEICTBUI U APyTUX (GakTopoB [8].

[IpermyiiiecTBa: BO3MOXHOCTh MOJENMPOBAaHMS KPYITHOMACIITAOHBIX O00BEKTOB (OTBAJIbI,
Kapbepbl, TOHHEJIN); BbICOKAsI TOUHOCTD IIPY MOJEIMPOBAHMUM IIACTMUYECKUX AedopMalinuit 1
paspylleHnit; yueT IMHaAMUYECKUX U TeMIlepaTypHbIX BO3eicTBIIT; TMOKOCTh B HACTpOJike
rapamMeTpoB IPYHTOB U MOPO[,.

HepmocTaTku: CJIOXKHOCTb OCBOEHMSI M3-3a nNporpaMMHOI'0O KOIa (Tpe6YET HarimCaHu4Ad
KOMaHIOHBIX CKpI/Il'ITOB); BbICOKME BbIUMCINUTE/IbHBIE 3aTPaTbl; CTOMMOCTD JIMIIEH3MNM BbIIIE
cpeagHero.

[ayiee Mbl XOTUM I10Ka3aThb IPUMep pelleHus 3a4a4y 10 MIPOEeKTUPOBAHUIO OTBAjIa HA yXKe
CYIIIeCTBYIOIIEM OTBaJie C OIpeie/ieHHbIMM 6e30macHbIMM TapameTpamu [9, 10].

C nmomompio mporpaMmMmHoro npoaykra GeoStudio SLOPE/W monyumanu oumbpoBaHHYIO 31
MojieNb pebeda MeCTHOCTHM, KOTOPYIO 00pabaThiBajM AJ1s1 ajbHeIei OCTPOViKY OTBAIOB
BCKPBIUIHBIX IIOPOJ, HA OHOM U3 MeCTOpOKIeHuit (puc. 1.) [11]
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PucyHnox 1.0yugposarHoe penved mecmHocmu.

[Ip OCBOEHMM MECTOPOXKIEHMSI OTBAJI000pa3oBaHMe IPOU3BOAMUTCS HA OTBEIEHHOI
miomany. Kak MmpaBmio, OTrpy3Ka IOpPOH, KaXKIOblii TOM IIPOM3BOAMUTCS HA TeENO YKe
CYIIECTBYIONIEro OTBasIa. IIpy MPOeKTMPOBAHUM HOBOT'O OTBAJIa BCKPBILIIHBIX ITOPOI, CJIETyeT
B KQueCTBe OCHOBaHMSI, IPUHSTH TOBEPXHOCTDb 1 CBOVICTBA y3Ke CYIIeCTBYIolero orsaaa. Ha
puUCyHKe 2 TTOKa3aHa 3]I-Mo/ie/Tb CYIIeCTBYIOIIETO U ITPOEKTUPYEMOTO OTBaIA.

6)

PucyHok 2. Modens cyujecmaywoujezo (a) u npoexmupyemozo (6) omeana.

Ha cymiecTByOIIMit OTBaJ ObIJ HAJIOXKEeH HOBBIN OTBAJI C yU€TOM reOMeTPUYECKMX TapaMeTpOB
" Hecyllei ClIoCOOHOCTY OCHOBaHMSI.

I[TIporiecc paboThI ¢ pazpe3om B MmaciuTabe 1:1.
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Pucyrok 1. 10 Iopadok pacuema Ko3gguuueHma ycmotiuueocmu omeand Ha CKioHe.
a-paspe3 omeana; 6-pe3ynibmam paciema KodgguuueHma ycmotiuueocmu c 8vl0eseHuem
NOMeHYUANbHOL NOBEPXHOCMU CKOJIbHEHUS]

BbiBOaBI

Bbi6bOp MeToda YMC/IEHHOTO MOIEIMPOBAHMS 3aBUCUT OT KOHKPETHBIX YCJIOBUIA 3amaumu:
XapakTepUCTUK MaCCUBA, TeOJOTMYECKUX YCIOBUI, HaJIUUUS TPEUMHOBATOCTU U
IOUHAMMUYECKMX BO3IelcTBUI. MeTon KOHEUHbBIX 3JIEMEHTOB IIOAXOOUT IS OeTaJIbHOTO
aHa/IM3a YCTOMYMBOCTM MacCuBa, METOM, KOHEUHBbIX pasHOCTell — IJis ObICTpOro aHaam3a
IVHAMMU4YeCKUX IIPOLeCCOB, a METOH IUCKPETHbIX 3JIeMEeHTOB — IJII MOZAEJIMPOBAHUS
paspymeHuii. CoBMeIleHre HEeCKOJbKMX METOHOB IT03BOJISIET TMOMYUUTh OOjee TOUHBIE
pe3yabTaThl M CHU3UTH PUCKU P ITPOEKTUPOBAHNM TOPHOTEXHMUECKMUX 0OHEKTOB.

YCTOMUMBOCTD OTBAJIOB 3aBUCUT OT MHOXECTBA B3aMMOCBSI3aHHBIX (PAKTOPOB, TaKMUX
KaK CBOJCTBAa TPYHTOB, TeOMeTPMUSI CKJIOHA M OTKOCOB, Hajluuyue BHEIIHUX HArpy3oK W
KIMMaTUUeCKUX YCIOBMit. [IJisT TIpeloTBpallleHMs aBapMifHbIX CUTyalluii HeoOXOmumOo
KOMILJIEKCHOEe MOJeJMPOBAHME ¥ MOHUTOPUHT COCTOSIHMSI OTBJIOB, MCIIOJIb30BaHMeE
OITMMAJbHbIX KOHCTPYKTUBHBIX PEIlleHMI U IPUMEHEHME MeP MHKeHEePHO 3alUThI.
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W3 aHanmm3a WMCIOab30BaHUS Beoyluiux IIPpOTPpaMMHBIX IIPOOYKTOB IIO OIIpenejeHnIo
KOB(I)Q)I/ILU/IEHTB. 3alraca YCTOVI‘{MBOCTM CaoeJIaHbI CJiIieAyIole BbIBOObI M pEKOMEHOalI N

Ins 6picTpOro pacueta Ko3dduiieHTa yCTOMUMBOCTY METOLOM Ipeie/TbHOTO paBHOBECHSI
peKOMeHyeTCsl UCIToNb30BaTh nporpammy SLOPE/W.

JIJ1s1 CTIOSKHBIX HeIMHEHBIX pacueTOB C yUeTOM IIACTUYHOCTHY U 60/bLINX JedhopMarinii -
PLAXIS, FLAC3D

HJ1s1 aHanmM3a AMHaMMYeCcKuX U ceicMmuueckux BosgencTsuii - FLAC3D

[ TMAPOTEeoIOTMYECKUX PACYeTOB B COUETAHUM C YCTOMYMBOCTBIO CKIOHOB - PLAXIS,
SLOPE/W.

BbI60p MpOrpaMMHOr0 ob6ecriedeHns 3aBUCUT OT 337y, CTOSIIINX ITepe/1 TPOEKTUPOBIIVIKOM.
B GOJbIIMHCTBE CTyyaeB KOMOMHMpOBaHMEe MeTonoB (Harmpumep, MITP 1 MKD) mo3BossieT
TOYYUTh Haubosee HaJlesKHbIe pe3y/IbTaThl IPY aHaJIM3€ YCTOMUMBOCTM OTBAIOB U CKJIOHOB.
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BJIIMAHUE UNOPPOBUIALNU HA YITPABJIEHUE NPEONPUATUEM B YCITIOBUAX
NMEPEXOOHOMN 9KOHOMMWKW: ONbIT KbIPIbI3CTAHA

BekranieB Myxammaaconuk CUPOKUIMHOBUY!
DKaman-Ab6amckuit MeXXITyHapogHbIi yHUBepcuTeT, XXanan-A6anm Keipreisckast Pecrry6imka

AHHOTaLMa

B cratbe wucciaemyeTcsi BaMsSHMe IMGpOBU3ALMM HaA YyIIpaBlAeHMUe MPeANpUSITUSIMU B
KeIprei3cTaHe, roe mepexofl K IMGpPOBOil 3KOHOMMKE OCIOKHSIETCS reorpaduiecKuMu,
KYJIbTYPHBIMM U 9KOHOMMUUECKMMM 0cobeHHOCTsIMM. Ha ocHoBe aHanm3a 50 mpenmpusiTui
pas3IMUHBIX OTpacjeil BbISIBJIEHbI KIOUeBble Gapbepbl LM(poBM3aINM, TaKMe KaK HU3Kas
IOCTYIIHOCTh MHTEpPHEeTa B CeJIbCKMX palioHax (ToibKo 23% oxBaTta 4G), HeIZOCTaTOK
KBaIMGUIIMPOBAHHBIX KaIPOB U BbICOKASI CTOMMOCTDb BHEAPEHMS TeXHOIOTHIA. [IpemiokeHbI
amanTuBHble cTpaTteruu st SME, Bkiaioyas TuOpuAHbIe MOAENIM aBTOMAaTU3aLUUU U
MCIIONIb30BaHMe oOpen-source pemieHuii. IlpuBemeHbl Kelcbl YCIIEIIHOW I1MbPOBOIL
TpaHchopMalum, Take Kak BHeIpeHMe 6IoKUeiiHa Ha TeKCTWIbHOM (habpuke «AK JKom» u
paspaboTka Al-aaropuTMma IJist IPOTHO3MPOBAHMS LieH cTapTarnoM «HypuAii».

KnioueBsblie ciioBa: b poBu3alys, yrpasjaeHue npearnpustieM, Kblprol3ctad, TMOpUIHbIE
mogenn, SME

THE IMPACT OF DIGITALIZATION ON ENTERPRISE MANAGEMENT IN A
TRANSITION ECONOMY: KYRGYZSTAN'S EXPERIENCE

Bektashev Mukhammadsodik Sirozhiddinovich!
!Jalal-Abad International University, Jalal-Abad Kyrgyz Republic

Abstract

The article examines the impact of digitalization on enterprise management in Kyrgyzstan,
where the transition to a digital economy is complicated by geographical, cultural and
economic features. Based on an analysis of 50 enterprises in various industries, key barriers to
digitalization have been identified, such as low Internet availability in rural areas (only 23% of
4G coverage), a lack of qualified personnel and the high cost of technology implementation.
Adaptive strategies for SME are proposed, including hybrid automation models and the use
of open-source solutions. The cases of successful digital transformation are presented, such
as the introduction of blockchain at the Ak Zhol textile factory and the development of an Al
algorithm for price forecasting by the NuriAi startup.

Keywords: digitalization, enterprise management, Kyrgyzstan, hybrid models, SME
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BBenenue

IIndbpoBusaiusi crasa HeOTbEMJIEMON YaCTbIO IMIOO6QTIBHON 3KOHOMMKM, TPaHCHOPMUPYS
MOAXO0/IbI K YIIPABJIEHUIO TP PUSTUSIMU U CO3,aBasi HOBbIE BO3MOXKHOCTH [1J1s pocTa. OgHaKo
B CTpaHax C MepexoJHOM S5KOHOMMKOM, TaKUX KaK KbIprei3cTaH, STOT MIPOLLECC CTATKMBAETCS
C YHMUKAJIbHBIMM BbI30BaMM, KOTOpble TPEOYIOT afalTUBHBIX pelieHuii. COrmacHO JaHHbIM
HauyoHanbHOro craructuueckoro kommreta Koipreisckoit Pecry6muku (2024), TOJNBKO
34% mnpennpusTUIT aKTUBHO MUCIIO/b3YIOT LM(MPOBbIE TEXHOIOTUM, UYTO 3HAUMUTEIbHO HIKE
cpesHeMupoBOro rnoxkasarens (70%) [1].

OcHoBHBIMMU Gapbepamu 1St i poBu3any B KeIproi3cTaHe SIBASIIOTCS

Teozpaguueckasn u3onuposaHHocmo: 73% TePPUTOPUM CTPAHbI 3aHMMAIOT TOPHBIE PAiOHBbI,
T7ie TOCTYIT K BBICOKOCKOPOCTHOMY MHTEPHETY OrpaHuueH [2].

KynvmypHoie ocobeHHocmu: 54% cOTpyIHUKOB cTapiie 45 jieT He TOTOBbBI K M3MeHEeHUSIM 13-3a
CTpaxa IepeJ HOBbIMM TeXHOJIIOTUAMM [3,4].

DKoHOMUUecKUe ozpaHuueHus: 87% TpeanpusiTuii — 3TO MUKPOOM3HECHI C OrpaHMYEHHBIM
oomkeroM Ha IT [5].

Ilesb MaHHOM CTAaThbU — MPEIJIOKUTH JIEMEHTBI K CTpaTernu 1udpoBoit TpaHchopMamum
CTpaHbl, KOTOpble YUYMUTHIBAIOT crenyduKky KpIproi3cTaHa ¥ IMOMOTAIOT IPEOHoJeTh
CYILIECTBYIOIIVE Oapbephl.

MaTepMaJII)I " METOoAbI MCCIIEJOBAHUSA
st OCTUKeHUS LeIn UCCIeJOBaHMs UCII0/Ib30Ba/INCh aieayroouye MeToabl:

1. CpasHumenvHslli aHANU3:

e CpaBHeHMe YpoOBHS LMbpoBMU3alMy Mnpennpusituii KpIprbi3cTaHa € aHAJOTUYHBIMU
TOKa3aTeIsIMU B IPYTUX CTPaHaXx ¢ repexonHoit sakoHomukoi (KazaxcraH, Y36eKucTaH).

e AHaJIN3 YCIENTHbIX KeiicoB MdPoBOI TpaHchopmMaly B peruoHe.
2. Cmamucmuueckuil aHanu3s:

» O6bpaboTka JaHHbIX HallMOHAIBHOIO CTAaTUCTUUECKOTO KoMUTeTa KbIprei3ckoit Pecryommkm
3a 2023-2024 rogpl [6].

e lMcnonb30BaHME METOMOB KOppeIauyMOHHOIO M perpeCCMOHHOIO aHa/iM3a OJISd OIE€HKU
B/IVSAHUSA I_I,I/[d)pOBI/I?;aI_U/II/I Ha KJII0UeBbI€ SJKOHOMMYECKMe ITOKa3aTe/In npe,unpmrmﬁ.

3. Ketic-cmaodu:

« I3yueHne onbrTa 50 mpeAnipusiTUii pa3aMuHbIX OTPaC/ei (CeIbCKOe X03SICTBO, TEKCTUIbHAS
MIPOMBIIIIJIEHHOCTb, 0aHKOBCKMIA CEKTOP, IOTUCTUKA).

o [1TyOMHHbBIE MHTEPBbIO C pyKoBoauTensimu u IT-crennanucramn.[7]
4. Onpocel u aHkemuposaHue:

« [IpoBenenme onpoca cpeay 100 COTPYAHMKOB MPEIIPUSITII IJISI OIIEHKY YPOBHS 1M POBOIA
rPaMOTHOCTU U TOTOBHOCTYU K MU3MEHEHWUSIM.

o AuketupoBanue 50 pykoBomuteneit SME njs1 BbIsIBIeHUSI 6apbepoB U TMOTPeOHOCTEN B
uudpoBuU3aIUN.

5. Konmenm-aHanus:

e AHa/IN3 OTUYETOB U MyONIMKaIMit 1Mo 1MdpoBoii TpaHchopmaliuyu B KeIprbi3cTaHe.
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o l3yueHue rocymapCTBEHHBIX ITporpaMM, TakuxX Kak «l[mudpoBoit Ksipreisctan», M ux
BIMSIHUS HA OM3HeC.

BbpIOOpKa MCCIeOBaHMS
e 50 npeanpusATHAIL U3 Pas3IUUHbBIX PerMOHOB KbIprbi3cTaHa.

e OTpacieBOil OXBaT: CeIbCKOe XO034MCTBO (30%), TeKCTU/IbHASL TTPOMBILLIEHHOCTh (20%),
6aHKoBCKMI1 ceKTop (20%), noructuka (15%), npyrue (15%).

 Pasmep nipennpustuii: MmukpoousHec (50%), mainblii 6usHec (30%), cpequnii 6usHec (20%)

[8].

VHuKa/IbHbIe BbI30BbI I poBusanumn B KeIipreiacraHe
1. T'eozpagpuueckue 6apwvepol:

e B T'OPHbIX paﬁOHax OOCTYII K MHTEPHETYy OI'paHMYE€H, 4YTO OejaeT HEBO3MOXXHbIM
MCII0/Ib30BaHMe 00JIaUHbIX TEXHOJIOI M1 B peaJlbHOM BpEMEHMN.

 PemeHye: BHempeHue TMOPUIHBIX MOJeJIe, rae JaHHble cobupaloTcs: odJiaiiH, a 3aTem
CUHXPOHU3UPYIOTCS uepe3 MoOuibHbIe Xabbl. Hampumep, arpoxonauHr «Tasza lllaap» ycremrHo
ucnonb3dyeT loT-maTumky 11 MOHUTOPMHIA YpOyKasi, KOTOpble paboTal0T B aBTOHOMHOM
peXXuMe U IepenaloT JaHHbIe pas B CYTKM.

2. KynbmypHsie ocobeHHoCcmu:

e MHOTMe COTPYOHMKM CTapIliero BO3pacTa BOCIPUHMMAIOT HM(POBMU3ALNIO KaK YIPO3y
CBOe€ 3aHITOCTH.

o Pemenue: mporpammbl «L[1bpoBoii HacTaBHUK», Te MOJOAble COTPYAHMKM OO0y4yaioT
crapuiee mnokojieHue. Hampumep, B kommnaHuu «MeraKom» Takasg mporpaMma IOMOIJIA
TOBBICUTD YPOBEHb IIM(MPOBOI rpamoTHOCTM Ha 40% 3a roj,.

3. DKoHOMUUecKue 02paHuueHust:
e BOJIBIIMHCTBO MpeAIpUsITUIf He MOTYT IT03BOJUTH cebe moporocTtosiiye [T-peneHns.

« PertieHue: 1CIOTb30BaHMe Open-source pemeHnit 1 06J1auHbIX CEPBUCOB C MUHMMAaTbHbBIMU
saTpatamu. Harpumep, crapran «HypuAii» paspaboran Al-ajropmuTm Ajist IpOTHO3MPOBAHMS
1IeH Ha pbIHKe J[lopmoii, Mcronb3ys 6ecriaTHbie 6MbamoTeku Python.

4. Kubepbe3onacHocmo:
 C poctom 111 poBU3aLM YBETUUNBAETCS PUCK KMbepaTak.

o PemeHne: BHenpeHMe 6a3oBbIX Mep Kubep6e30MacHOCTM, TaKUMX KakK IBYyX(daKTOpHas
ayTeHTUMKALNS U peTyIsipHOe o6yueHue COTPYIHUKOB [9].

Keiichl ycrmenrHow nmdpoBoii TpaHchopmanmmn
1. TekcmunwHas pabpuka «Axk XKon» (buuikek):

- [Tpo6iema: BBICOKME JIOTUCTUNYECKME U3HAEPIKKY M3-3a OTCYTCTBUS ITPO3PAYHOCTY B LIETTOUKE
MTOCTABOK.

- Pemienne: BHeJpeHlne O/I0KUeliHa JAJI1 OTCJIEKMBAHMS ITOCTABOK XJIOITKA.

- PesynbTaT: cokpallleHMe JOTUCTUUeCKUX u3aepkeK Ha $15 Thic./Mec.
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« DKOHOMUUECKUE HAYKU EXHMK

- [Ipobnema: compoTuBIIeHN e TPOdCOI030B 13-3a aBTOMATHU3aI UM YUETA.

- Pemrenue: rieperoBopsl ¢ BKiI4YeHem 10% 3KOHOMUM B IPeMUM COTPYAHUKOB.

2. Cmapman «HypuAii» (Ow):

- [Ipo6yieMa: HeCTaOMIBLHOCTD 1IeH Ha pbIHKe [1opmoii.

- Pemenne: paspaborka Al-aaropurma ajisi IpOrHO3MPOBAHMS LIEH.

- Pe3ynbTaT: TOYHOCTH IPOTHO30B — 89%, yBeaMueHue mpuobuin Ha 25%.

- YHMKaTbHOCTD: afaITalys IO, «UeJTHOUHYIO» TOPTOBJIIO C YYETOM He(OPMa/IbHbIX CIEJIOK.
3. Bauk «Mbank»:

- [Tpo6nema: HUM3KUI YpOBEHD LMD POBMU3AIINY KIMEHTOB.

- Perienye: BHegpeHre MOOMIBHOTO TIPUIOKeHMSI ¢ PYHKIIMEN yripaBiaeHus: GuHaHCaMMU.
- Pe3ynbraT: yBenuuyeHme KOJIMYeCTBa KIMEHTOB Ha 25% 3a aBa roga.

4. Azpoxondure «Ta3a Illaap»:

- [Tpo6nema: Hu3Kast 3pHeKTMBHOCTb MOHUTOPMHTA ypOsKasl.

- Pemmenne: ucnonb3oBaHue [oT-gaTumkoB ¢ odaitH-CMHXPOHM3alMel JaHHbIX.

- Pe3ynbTaT: moOBbIlIeHNE YPOKAMHOCTH Ha 18%.

3akiaoueHue

LindpoBusainsi OTKpPbIBAET HOBbIE BO3MOXHOCTM [Jjis TOBbIlIeHUS 3(PdeKTUBHOCTU
yIipaBjeHusl TPeanpusITUsIMU, OOHAKO B YCIOBUSIX Kbiprbi3cTaHa TpebGyeTcsl afamnTUBHBbIN
TIOAXO0/, YYUTHIBAIOIINI reoTpaduueckue, KyIbTypHbIe ¥ 9KOHOMMUYECKie 0COOEeHHOCTH.

OcHOBHbIE BbIBOJbI
1. Tubpupubie mopenu umMdpoBM3anMM, TakKue KaK oOdQualiH-CMHXpOHM3alMsI TaHHBIX,
SIBJISIIOTCSI OTITMMAJIbHBIM pellleHMEeM JIJIsI TOPHBIX PETMOHOB.

2. IIporpammbl obyueHMs, Takue Kak «llmMdpoBoit HacTaBHMK», MTOMOTAIOT IPEOAOJETh
KYJIbTYpHbIEe Oapbephl.

3.Vcrnonb30BaHMe Open-source perieHnii M 06J1auHbIX CEPBUCOB ITO3BOJISIET CHU3UTD 3aTPaThI
Ha IT.

Pekomenmanum
1. /Ins 2ocyoapcmea:

 Co3pmaHue permoHanbHbix [T-xab0B ¢ 00yueHMeM Ha KbIPTbI3CKOM SI3bIKeE.
o JIbrotsl Ajst SME, BHeIPSIIOIIMIX Open-source pelieHus (HarpuMmep, HaJoroBast CKuaka 5%).
2. Ina 6usHeca:

» Buenpenne ru6puaabix CRM, Takux Kak nHTerpamnusi MeccenmkepoB (WhatsApp Business)
c ERP.

» Co3panue «1uu@poBbIxX Opurama» — MooMabHBIX I T-crienaanucToB Aj1st paboThl B OTAATEHHBIX
perMoHax.
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[Indposas tpaHcopmalysi — 3TO He TOIbKO BHeJpeHMe TeXHOJIOTUI, HO U M3MeHeHNe
KYJIbTYPBI YIIpaBjieHus. YCIIelIHble Keichl, Takue Kak «AK JKom» u «HypuAii», ToKasbIBaloT,
YTO laKe B YCIOBUSIX OTPAaHMUYEHHBIX PECYPCOB MOXKHO JOCTUYb 3HAUUTEbHBIX PE3Y/IbTATOB.
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Abstract. Dumping during open-pit mining of upland deposits is one of the most difficult problems when storing
overburden dumps on mountain slopes. Dump formation is accompanied by deformations of the dumps, which
depend on the properties of the overburden rocks, in particular lumpiness, humidity. In order to ensure the
safety of work on the dump, dump operations can be conditionally divided into dump formation with ensuring
the stability of the dump tiers at all stages of the formation of the array and dump formation under controlled
deformation conditions. In this article, the authors present the results of calculations of the stability of the
overburden dump formed over mountainous terrain in the gold deposit of Kyrgyzstan.

Keywords: Overburden dumps, geotechnical object, dump on the slope, stability of dump, mining operations

1. INTRODUCTION

Dump formation during the development of upland deposits is one of the most difficult problems when
storing overburden dumps on mountain slopes. A prerequisite for dumping is to ensure industrial and
environmental safety.

The works of [1-6] are devoted to the issues of safe storage of dumps. Most of which consider dumps
placed on a horizontal surface.

Deformations in the dump depend on the engineering and geological features of the dump rocks and their
bases, such as:

* The degree of crushing of rocks;

* Natural separation of rocks into fractions and self-rejuvenation of dump slopes;

» Changes in the strength characteristics of rocks in the dump over time (shear resistance increases due

to compaction or decreases when the rocks of the embankment and base are moistened);

» The occurrence of pore pressure in water-saturated rocks and their bases, which is an essential factor

in the development of landslides of various types [7].

An important factor determining the parameters of the dumps is the relief of the base and the type of rock
lying in the bottom of the dump. The stability of dumps placed on a solid foundation is determined, first of all,
by the shear resistance of the rocks composing them. Precipitation and fluctuations in air temperature have
the greatest influence on the stability of dumps. Of the technological factors affecting the stability of dumps,
the most important are the height and configuration of the dump slopes, the length and speed of the slide front,
and the rate of dumping of the dump. The schemes of dumping (frontal or block) determine the nature of the
processes of compaction of rock masses of dumps and their strength properties. And also, the stability of the
blade is influenced by [8,9]:

* The relief of the surface on which overburden rocks are deposited

* Precipitation and snow cover height

* Seasonal temperature fluctuations

» Physical and mechanical properties of the rocks of the base of the dumps

» Composition and properties, including humidity, of the rocks stored in the dump;
*  Geometric parameters of the blade.

As an example of choosing and justifying a place-to-place overburden dumps on a slope, consider the
«Chaarat» deposit in Kyrgyzstan. Kyrgyzstan is a mountainous country, more than 90% of which are occupied
by mountains above 1000 m above sea level. Mineral deposits are located in high-altitude conditions at an
altitude of over 1500-2000 m above sea level. In this regard, the formation of overburden dumps occurs on a

Content from this work may be used under the terms of the Creative Commons Attribution 4.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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slope and stability calculations in such cases require a special approach, i.e., calculations are required not
only of the dump, but also of the slope.

2. METHODOLOGY

Numerical modeling using the SLOPE/W program was used to calculate slope stability. And for the
condition of stability of a layer of bulk material with a capacity h for the case i>@, it was determined as follows
[10-15]. The resistance forces at the interface of the bulk material are sufficient to neutralize the shear forces:

Ty = T, + Putgo (l)
where T,, - the effective adhesion force, @ - the angle of internal friction, P, - the effective normal pressure
In an elementary volume, the planes of action of vertical stresses and stresses acting on these planes are

parallel to each other and are conjugate. l.e., others have a deflection angle equal to angle i, as well as an
angle between the plane of action of vertical stresses and the blade plane equal to 90° (Figure 1).

—e] b cos t

Figure 1: Schemes for calculating the maximum width of the dump. Vertical stress distributions.

The pressure per unit area at depth z is:
F = yzcosi 2

The components of this pressure at depth h:
P_n =vyh [cos] *2i ®)
1, = Yhsinicosi 4)
Substituting (3) and (4) into (1), it is possible to express the permissible thickness of the bulk material layer:

h = (t_0 cos@)/ycosisin(i — @) (5)

The maximum width of a stable dump is a new criterion that is more convenient for operational monitoring
of the condition of dumps on mountain slopes. The previously existing criterion (the height of a stable blade)
is convenient only if the blade is located on a horizontal base. During stripping operations during the
development of the «Chaarat» deposit within the Tulkubash ore zone, the total volume of overburden is
planned to exceed 20.0 million m3. The dump is planned to be placed on the slope in the immediate vicinity of
the quarry in the dry river within the elevation of the slope 3050-2505 m above sea level. The slope surface
has a slope of 17° in the upper part and 14° in the lower part. The length of the river is 450 m. The angle of
inclination of the surface is 25-31°. The general view of the slope on which the dump is planned to be placed
is shown in Figure 2 and 3 [16-18].



ICGE-Iraq & WICES IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1374 (2024) 012030 doi:10.1088/1755-1315/1374/1/012030

Figure 2: Location of overburden dump: 1) main dump; 2) additional dump.

£ £ R v = o e

Figure 3: General view of the base of the main dump for overburden placement.

The average monthly air temperature in the area is shown in the diagram (Figure 4). The absolute maximum
of negative temperatures is registered -38°C, the absolute maximum of positive temperatures is +38°C. The
snow cover is formed in the first days of December, the snow lies almost until April. The weight of the snow
cover per 1 m2 is 22.6 MPa. The zero isotherm was recorded at a depth of 1.60-1.80 m from the surface.
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Figure 4: Average monthly air temperature values in one of the fields of Kyrgyzstan.

An important parameter of the dump, which ensures the safety of dumping, is its height. The reliability of
calculating the height of the dump on the slope is determined by such parameters as the volume weight of
rocks in the dump, the angle of internal friction of these rocks, the angle of slope of the dump. Since the storage
of rocks is planned to be carried out not on a horizontal site, but on a slope, parameters such as the angle of
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inclination of the base are included in the calculation. To determine the height of the dump, the following most
unfavorable initial parameters of the dump rocks were taken (Table 1).

3. MATERIALS USED IN THE STUDY

Table 1: Calculated data for determining the geometric parameters of the main dump.

Calculated data Values
Volume weight of rocks, kg/m? 2100
Bulk weight, kg/m3 1170.00
Density, kg/m? 2140
Cohesion, MPa 0.04
The angle of internal friction, degree 38
Coefficient of friction 0.78

The parameters of the dump were determined within the selected territory by 6 calculated sections:
horizontal A-A, B-B, C-C, D-D, E-E and one section F-F selected directly along the river bottom (as shown
Figure 5). The initial geometric parameters for calculating the volume of the dump are shown in Table 2.

Table 2: Initial data for calculating the parameters of the main dump.

Initial parameters Values
Volume of overburden, m3 40000000
Loosening coefficient 1,8
Planned weight of overburden, t 775000000
The length of the drop section, m 442.5
The steepness of the slope The length of the section along the
along the stretch stretch
section A-A 24 87,5709
section B-B 31 93,33067
section C-C 23 76,04523
section -1 28 101,9313
section E-E 28 54,36336
o O

east side

\“__——-—T\L,

JiZZA 2
IIESSS N
IS west side /
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Figure 5: The surface of the base of the main dump (topological alignment with the applied boundaries of the dump).

Considering that at least 20 million cubic meters of overburden must be placed on the allocated area, simple
experiments were carried out to seal the fragmented rocks. As a result, it was found that the volume of the
dump after compaction can be increased to 40% and up to 5 million m3 can be placed. The total volume of the
dump will increase to 17.4 million cubic meters. in addition, after compaction of rocks, their shear resistance
increases (Figure 6). The calculated stability coefficient of the blade must be at least 1.5. Such a coefficient of
stability of the dump is necessary to prevent accidents or create a threat to the personnel servicing the dumps.
Given the terrain, it is possible to start dumping from the lower point of the eastern slope of the dry river. The
width of the approach will be determined after the accepted dimensions of dump trucks. After the first tier is
fully filled, it is recommended to seal it in order to create a natural dam to prevent displacement of the rocks of
the upper tiers of the dumps. It should be borne in mind that during thawing, the rocks turn into a fluid state
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and the dump rocks turn into an unstable state. Based on the results of calculating the stability of the slope on
which the dump will be formed and calculating the stability of the dump itself, it is recommended to store as
follows (Figure 7).
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Figure 6: Graph of the shear resistance of the dump rocks at various degrees of compaction: 1) Degree of sealing 0.4; 2)
without sealing.
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Figure 7: Options for the placement of the dump according to the calculations of numerical modeling of the slope and the
overburden dump.

As a general criterion for dangerous deformations within the prism of a possible collapse, it is proposed to
consider the rate of deformations exceeding 50 cm/day.

4. CONCLUSIONS

Based on the results of studying the formation of overburden dumps on the slope, the following general
conclusions were obtained:
- The safe parameters of dumps depend on many factors, the dominant of which is the terrain.
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- Toincrease the reliability of determining the stability of dumps, additional study of the physical and
mechanical properties of the dump mass and rheological changes is necessary, as well as the
organization of a system for monitoring the stability of dumps.

- The main factors influencing the stability of dumps on slopes and the development of deformations
have been identified.

- In accordance with the Uniform Safety Rules for Open-pit Mining and mining and transport
equipment on dumps must be placed outside the possible sliding prism.

Based on the results of calculating the stability of the «Chaarat» deposit dump, the following conclusions
and recommendations were obtained.

- The stability assessment was carried out and the general angle of inclination of the «Chaarat»
mining quarry was determined, taking into account the quality index of the massif.

- The height of the tiers should not exceed the height of the sides of the river in which the dump is
located.

- Forlong-term safety of the dump, the dump should be divided and stored in several tiers, at least 3
or 4 tiers.
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Abstract. The main criterion for mining operations in the development of upland deposits by open-pit mining
is the safety of their operation, and therefore the assessment of the stability of the geotechnical system is
always relevant and requires a special approach and study. The article reveals the features of the assessment
of the geotechnical system of the open pit - overburden dump of the a mountainous, consisting in studying the
interaction of the geological and geomechanical environment. The factors of both the geological and
geomechanical environment affecting the change in the natural stress state of the studied object are described.
A scheme for evaluating a geotechnical system has been constructed, the essence of which is to study the
elements of both the geological and geomechanical environment.

Keywords: Slope, quarry, dump, geological environment, geomechanical environment, deformation, stability,
landslide.

Introduction

Safe storage of overburden rocks on mountain slopes during the development of upland deposits is one of
the difficult and main tasks that must be solved during the operation of the mine [1]. In Kyrgyzstan, overburden
dumps during the development of high-altitude deposits are placed on slopes in the immediate vicinity of a
quarry in nearby rivers on slopes whose steepness varies from 100 to 200 at an altitude of 3,500 to 4,000 m
above sea level. In addition to the parameters of the dump itself (height and width), the amount of precipitation,
seasonal and daily fluctuations in air temperature, the stability of such dumps is also influenced by the
parameters of the quarry [1,2].

To date, studies of the deformed state of the rock mass have been carried out in connection with the
appearance of a problem, i.e., the influence of either a quarry or a dump has been determined, while
considering the phenomenon of a change in the stress state or a consequence — a violation of the stability of
the side of the open pit or overburden dump.

The development of upland deposits by the open method is complicated by the limited territory on which
the upland quarry, dump, gold extraction factory, tailings storage, administrative and economic facilities should
be located.

One of the main tasks in the development of mineral deposits by the open method is to ensure the stability
of geotechnical facilities (quarries, dumps). However, even before the start of work, it is necessary to assess
not only the natural conditions (rock properties, slope stability), but also the area of interaction between a
geotechnical object and a rock mass, within which significant changes occur.

A complex object of nature that objectively exists independently of man and his activities is called a
"geological environment" [3,4]. The geological environment includes such elements as terrain, rock mass and
their properties, groundwater, permafrost, natural gravitational processes.

The geological environment, being exposed to man-made effects, changes its state depending on the relief,
tectonics, structure and properties of the massif, as well as on the quality of the massif.

The geomechanical processes occurring in the rock mass during mining operations depend on the
properties of the geological environment and the parameters of man-made impact.

The parameters of the quarry and the dump have the greatest influence on the change in the natural stress
state. To date, the geotechnical system "slope - open pit - overburden dump" has practically not been
considered and, as a result, the influence of this system on the change in the natural stress state of the rock
mass, the main causes of instability of both the sides of the quarry and the dump have not been identified.
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Methodology

The main geomechanical processes in the instrument array of upland quarries that affect the stability and
safety of mining operations are deformation processes that lead to additional stresses on the contour of the
quarry, the development of the process of shifting not only the side of the quarry, but also the slope on which
it is built [5].

The methodology of our research is based on the identification of the causes, the essence of the formation
of separation cracks in the sides of upland quarries and the development of landslide processes in the dump
on the slopes. That is, a comprehensive study of changes in the natural stress state and an assessment of the
stability of the "slope - open pit - overburden dump" geotechnical system under the influence of the parameters
of both the quarry and the dump.

The stages of object cognition are aimed at identifying the features of the study of geomechanical processes
in the instrument array of the slope, establishing qualitative and quantitative interactions of the geological and
geomechanical environment, depending on:

- properties of the geological environment, those of its physical parameters that are responsible for the

formation of individual elements and which can be considered relatively static in real time;

- parameters of man-made impact, which are extreme values of forces, the degree of change in the

forces of impacts under the influence of processes of damage and degradation of objects.

The geological environment is a natural multicomponent dynamic subsystem with all its inherent internal
interactions, a structure in which, under the influence of human activity, new technogenic and geological
processes [5-8].

The study includes the following construction of object cognition (Figure 1.):

Assessment of the stability of the geotechnical system of the
open pit - overburden dump of the upland deposit

Studying the . . ) ) X

Study of the geological geomechanical Studying the interaction of
environment A environment the g_!ﬁ(?'()gltﬂl lam:l

geomechanical environment

\ 4

Geology Properties of rocks ‘
/‘ Parameters of open pit
Tl'ectonics N
Volume of extracted rock
mass
Natural stress state
The structure of / - - -
the array The distance from the side
y of the open pit to the dump
Properties of the .
rock mass Changing the natural A Parameters of overburden
stress state dump
The quality of the Bearing capacity of the
rock mass base
Landslides Slope swells Drawdown Erosion

Figure 1: Geotechnical system assessment scheme.

Factors and causes of its development are necessary for the formation of landslide processes and
deformations in the quarry and when dumping dumps on the slope. In this case, the reason is the
geomechanical environment, in which the following groups of parameters can be distinguished:
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1) Geometric parameters of the dump and the quarry, such as the angle of the underlying slope, the angle
of the slope of the dump and the quarry, the height and width of both the dump and the quarry, the distance
from the side of the quarry to the dump;

2) Changes in the structure and properties of the dump mass, especially waterlogging;

3) Additional load, which includes seismic, hydrodynamic effects;

4) Methods of storing dumps.

Based on this, deformations in the quarry and during dumping of dumps on mountain slopes depend on
the parameters of the quarry and the dump, the volume of rock being extracted, the distance from the side of
the quarry to the dump, as well as on the bearing capacity of the base of the dump.

The stability of the overburden dump is determined by forces in the direction of the 00' line. The material
within the triangle AOO' will be in equilibrium (at rest) if the resistance forces at the interface of the bulk material
are sufficient to neutralize the shear forces: (Figure 2, a) [8]

Tp =T, + Pitge O]

where T, - the effective adhesion force, @ - the angle of internal friction, B, - the effective normal pressure

Figure 2: Schemes for calculating the maximum width of the blade.
a— the longitudinal section of the blade; b — the ratio of vertical and tangential stresses in the bulk medium;
¢ — the distribution of vertical stresses; d — the conclusion of the calculation formula.

Of the physical properties of bulk materials, shear resistance is the most complex and depends on many
factors. Formula (1) is approximate, but for practical purposes there is a sufficient degree of accuracy. The
values of T, and ¢ in the case under consideration depend on the density, snow cover and moisture content
of the bulk material and can vary very widely.

The ultimate shear resistance can be expressed in analytical and graphical forms (BC in Figure 2, b). At
normal pressure OD, the shear resistance value is determined by the DC segment. If i<g, then the BC and OA
lines will not intersect, and, therefore, there will be no shift in the plane parallel to the dump surface. If i<g,
then the shear stresses in the plane parallel to the dump surface are less than the shear resistance at some
depth, where the normal pressure is characterized by a segment exceeding OF.

The pressure per unit area at depth z is:

F = yzcosi )
The components of this pressure at depth h:

P, = yhcos?i 3)

T, = yhsinicosi “

Substituting (3) and (4) into (1), it is possible to express the permissible thickness of the bulk material layer:

ToCOSP
ycosisin(i—¢)

Q)
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From the formulas (3) and (4) it can be seen that

z = hcosi (6)
where h is represented by the segment CD in Figure 2, d).
To find the maximum width of the dump r = AQO, it is necessary to replace h with h1 = OC, then

r= h 7
~ siné Q)
Knowing that 0C L AB and CD L OB (Figure 2, d), we find
cosé§
h= h1 cosi ®)
And after simple transformations, we get
2
ToCOSP ©)

r=——
ysin28sin(i—¢)

Thus, the maximum width of a stable blade r is directly proportional to the adhesion forces in the dump
mass, inversely proportional to its volumetric weight and depends on the angles of internal friction, the
underlying slope and the slope of the blade. These values are determined as a result of laboratory tests and
field observations. The maximum width of a stable dump is a new criterion that is more convenient for
operational monitoring of the condition of dumps on mountain slopes. [9,10]

In the process of pouring loose rocks onto a base with a close location of groundwater, the dump body is
waterlogged due to capillary rise of water, which also leads to a decrease in the strength of the dump masses
and the formation of subsidence and landslides.

According to various data, up to 15% of landslides on dumps are caused by the occurrence of pore pressure
at the base of the man-made massif.

We have proposed a scheme for water saturation of dump rocks with groundwater due to capillary uplift
(Figure 3). This scheme is conditional and requires clarification after carrying out appropriate work on
engineering and hydrogeological surveys. To exclude capillary uplift in the body of the dump, it is necessary
to isolate the contact of the watered base with the rocks being laid in the dump.

Designations:

1. The base of the dump,

2. The water level before loading the
base of the dump,

3. The level of capillary rise of water in
the body of the dump,

4. Overburden

2300

Figure 3: A conditional diagram of the possible groundwater level.

In accordance with the Uniform Safety Rules for Open-pit Mining, mining equipment on dumps must be
placed outside the possible sliding prism. The width of this prism should be set depending on the physical and
mechanical properties of the rocks of the dump and its base and the additional load created by the equipment.
The width of the prism of possible sliding of deformable dumps is at the same time the width of the safety
berm, within which the presence of people and equipment is not allowed. The width of the safety prism will be
determined according to a special graph of the relationship between the height of the blade and the width of
the collapse prism. According to the accepted physical and mechanical properties of rocks in the dump, the
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width of the collapse prism is also determined for the case when the angle of internal friction is 32° and 38°.
Instead of the bulk weight of rocks in the dump, we calculate the bulk weight, i.e., un = 2.18 t/m3. The width of
the prism of a possible collapse is determined taking into account the loads from working equipment (the
weight of the loaded BelAZ dump truck is assumed to be 75 tons.) [11-13]

The shear forces in the dump on the mountain slope and the movement of the dump mass are caused by
gravity, the pressure of water filtering through the dump, as well as periodic concussions during blasting
operations in the quarry, when resistance to shear in any plane of the dump is sufficient to neutralize these
forces. In the conditions of the Arctic, the magnitude of shear resistance experiences significant seasonal
fluctuations throughout the year. Thawing and moistening of bulk material in the spring and summer period
significantly reduce the amount of shear resistance, the study of seasonal fluctuations of which in the body of
the dump is very difficult, but it is extremely necessary to solve the problem of stability. Obviously, the
calculations should use the maximum value of shear resistance, which corresponds to the lowest strength of
the dump mass that occurs in the spring and summer period.

Prevention of landslides and collapses, as well as the development of measures to reduce the harmful
effects of deformations of dumps and territories adjacent to the quarry, is a prerequisite for the smooth
operation of a mining enterprise. The purpose of the complex of works on the monitoring of deformations of
dumps and the development of measures to ensure their stability is:

1. study of deformations of the sides of quarries, ledges and dumps and identify the causes of their

occurrence;

2. establishment of optimal parameters of slopes of mining sites;

3. prevention of landslides and slope collapses in quarries, development and application of measures that
exclude the manifestation of deformations that are dangerous to human life and entail a decrease in
the economic efficiency of mining.

To develop measures to prevent the dangerous manifestation of deformations of dumps, it is necessary to

perform the following types of work:

» conducting systematic visual observations of the condition of the slopes on the dumps;

* identification of zones and areas of possible manifestation of destructive deformations of dumps and
the organization of stationary instrumental observations in these areas.

The purpose of observations (monitoring) is:

» to establish the boundaries of the distribution and type of deformations in overburden dumps;

» determination of the rate and magnitude of deformations;

» determination of the critical value of the displacements preceding the beginning of the active stage;

» prediction of the development of deformations over time during the formation of the dump.

Conclusions

Based on the analysis of scientific and technical literature and calculations of the stability of dumps in
mountainous areas, the following conclusions and recommendations were obtained:

*  The peculiarity of assessing the stability of the open pit — overburden dump geotechnical system during
the development of upland deposits is the comprehensive study of the stability of the geotechnical
system through the study of the interaction of the geological and geomechanical environment, taking
into account both the parameters of the open pit and the dump.

* The dependence of the strength characteristics of rocks on the type of metamorphism is revealed.

* When carrying out work on these dumps, surveys should be carried out to identify and develop
displacement and subsidence cracks along the entire work front.

* Todevelop and install a system for monitoring the displacement of dumps, the base of dumps, humidity
and temperature of dumps and the base.

» It is necessary to determine the specific volume of overburden placed in each dump, for which it is
necessary to establish the coefficient of loosening of overburden and the area allocated for the dump.
To assess the stability of each dump, information is needed on the speed of advance of the front of
work on the dumps.
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Abstract

Climate change has considerable influence on mountain environments and the related hydrological processes, in turn
affecting hydropower. Climatic unpredictability and rising temperatures cause soil water depletion, leading to unpredict-
able downstream runoff. This study examines the consequences of climate change on hydrological regimes and their
effect on hydropower production in Khimti River basin of Nepal. This study used the soil and water assessment tool (SWAT)
in the shared socioeconomic pathway (SSP2 4.5 and SSP5 8.5) emission scenarios of three climate models (CanESM5,
MIROCS6, and MRI-ESM2-0) from the Coupled Model Intercomparison Project Phase 6 (CMIP6). The study encompassed
recorded temperature and rainfall data to correct errors. River discharge data were utilized for calibration and validation
the SWAT model, leveraging 21 hydrological parameters. The result revealed that the projected stream flow is higher than
the observed flow in all seasons except CanESM5 for the monsoon season from 2023 to 2074. Results showed the aver-
age annual flow increased by 0.2-54% in all time intervals for both scenarios. The excess energy power generation and
economic benefits increase extensively in the future, with the greatest contribution during the spring season followed
by the winter season. The information obtained from this study can be useful for policymakers, planners, and investors
for hydropower generation in Nepal.

Article Highlights

e Annual future water balance in Khimti river basin will rise in the current century.
¢ Annual power generation will increase under the influence of climate change.
e Spring and winter seasons are the major contributors to excess energy generation.

Keywords Climate models - Precipitation - Projected stream flow - Power generation - River basin - Temperature
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DEM  Digital elevation model

ESGF  Earth system grid federation

GCM  General circulation models

HKH Hindu Kush Himalayas

HRU Hydrological response unit

KETEP Korean Institute of Energy Technology Evaluation and Planning
KRB Kabompo River Basin

MoTIE  Ministry of Trade, Industry & Energy
RCP Representative concentration pathway
RoR Run-of-river

ST Storage-type

SWAT  Soil and water assessment tool

1 Introduction

Human activities have accelerated climate change, leading to disruptions in the hydrological cycle and affecting water
resource management globally. This changes have led to fluctuation in water availability, driven by shift in meteorological
parameters such as precipitation and temperature, as well as accelerated glacier melting [34, 62]. Consequently, extreme
and frequent water-related incidents occur, and these events cause variations in the seasonal flow of rivers and affect
hydropower generation [39, 41]. Furthermore, changes in precipitation patterns alter the water availability in terms of
its spatial and temporal distributions, causing difficulties in managing reservoir operations because of the need to bal-
ance conflicting goals [34].

Adapting to hydrological changes is a global challenge, particularly in the Himalayan region of Asia, where the com-
plex interplay between climate change, glaciers, and water resources creates significant uncertainty. The Hindu Kush
Himalayas (HKH), spanning Afghanistan, Bangladesh, Bhutan, China, India, Myanmar, Nepal, and Pakistan, is among the
most climate-sensitive regions due to its high-altitude environment and extensive glacial coverage. While these countries
share similar geographic features, Nepal uniquely embodies the full range of HKH characteristics, including diverse topog-
raphy and climate. The southern regions of Nepal have a subtropical monsoon climate, while the higher northern areas
have an alpine climate. The country has abundant freshwater reserves, with perennial rivers flowing across a wide range
of altitudes, making Nepal one of the most suitable and favorable region for hydropower generation [1, 39]. However,
hydropower generation here is vulnerable to climate change, which can impact both storage-type (ST) and run-of-river
(RoR)-type hydropower plants [5]. Although ST hydropower plants are more flexible because of their storage capacity,
RoR-type plants are sensitive to any changes in flow availability. Despite this susceptibility, hydropower continues to be
one of the most important source of environment-friendly renewable energy for Nepal.

The majority of Nepal's hydropower plants are of the RoR types. The output of these plants reduces drastically during
the dry season [27]. It is anticipated that the net worldwide hydropower generation and operation will experience a
substantial reduction by the close of the century under the Representative Concentration Pathway RCP 2.6 and RCP 8.5
[9, 12]. The future forecasts indicate an increase in hydroelectricity production in certain regions such as India, Northeast
China, Canada, Central Africa, and Northern Europe [71]. In contrast, studies conducted in the European Alps and the
Western United States suggest that hydropower output will decline because of climate change. Reduced water availability
is projected to cause critical issues and problems in some nations that rely greatly on river water for electricity genera-
tion, water distribution, and agricultural production [12]. Therefore, efficient and sustainable water utilization is crucial.

Shrestha et al. [60, 61] studied adaptation alternatives to optimize hydropower output in Nepal’s Kulekhani Hydro-
power Project considering climate change impacts. Future changes in rainfall and temperature were predicted by using
three regional climate models. The study concluded that while average and extreme temperatures will rise, precipitation
will become unpredictable, showing no clear pattern other than a shift in peak timing. Future discharge and hydropower
outputs were predicted using hydrological models and were projected to decline by 0.5% to 13%.

Furthermore, the effects of global warming on electricity generation at Nepal's Upper Tamakoshi Hydropower Pro-
ject were studied by Shrestha et al. [62]. Based on projections from three GCMs, their anticipated streamflow range
was + 37.83% to +47%. The three GCMs were used to quantify the risk for energy production relative to baseline pro-
duction levels, and the results showed risks spanning from mild to moderate, i.e., 0.69% to 13.24%. The effects of cli-
mate change on the hydrological regime in the HKH were examined by Bajracharya et al. [5]. In the RCP 8.5 setup, they
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estimated a 4 °C increase in temperature, including a 26% increment in rainfall by 2100, by applying a soil and water
assessment tool (SWAT) and downscaled GCM results. The simulations showed that by 2090, both the water flow at the
outlet of the basin and the contribution from snowmelt would have increased by 50%. Similarly, Budhathoki et al. [10] also
applied a SWAT model to simulate hydrologic responses and studied the effects of climate change on water balance. Their
findings indicated that the Middle Mountain area is the most likely to see an increase in precipitation and water supply.

The new climate model based on the latest CMIP6 is widely accessible and will be incorporated in the sixth assess-
ment report (AR6) of IPCC https://esgf-node.lInl.gov/search/cmip6/ and Lu et al. [35]). Future possibilities have become
more plausible because SSPs are combined with RCPs. Researchers examined how well the CMIP6 models capture past
climate variability, extremes, and the interplay between the ocean and atmosphere. Compared to the CMIP5 models, the
CMIP6 models have less bias in the distribution of sea surface temperatures [30, 35, 66]. The Phase Six of Coupled Model
Intercomparison Project (CMIP6) data, particularly under the Scenario Model Intercomparison Project (ScenarioMIP)
introduces five alternative narratives, known as Shared Socioeconomic Pathways (SSPs) [11, 47], depicting different
global societal developments by the end of the twenty-first century. SSP1 and SSP5 envision an optimistic future with
robust institutions, economic growth, and investments in health and education. However, SSP1 leans towards sustain-
able energy, while SSP5 leans towards fossil-based energy. In contrast, SSP3 and SSP4 depict a more pessimistic future
with limited investment in education and health, rising inequalities, and increased vulnerability to climate change. SSP3
prioritizes regional security, while SSP4 highlights large international and intra-national inequalities. SSP2 represents
a central pathway, assuming historical trends continue without significant deviations [11, 24, 47]. These scenarios are
crucial for projecting climate change using global climate models.

The study has mainly aimed to predict future river flow at hydropower dams and estimate energy generation using
CMIP6 GCM models for moderate-to-high emission set-ups where most affected hydrological parameters for river flow
are: precipitation, runoff, infiltration, evaporation, transpiration, snowmelt, base flow, ground water inflow, ground water
outflow and channel storage. The models adopted in this study include recently organized global climate modeling
experiments to understand various climate responses and mechanisms [16] and have higher spatial resolution compared
to previous models to simulate climate more practically and capture interaction between the land surface, atmosphere,
ocean, and cryosphere more accurately than in the previous models. Furthermore, improved data management and
sharing practices make data analysis easier. Nonetheless, using CMIP6 GCM models for future river flow and hydro energy
generation projection is limited in Nepal. Zhao et al. [76] used a CMIP6 coupled model for future river flow and energy
projection in the Yangtze River in Tibet plateau using downscaled GCM data in the Variable Infiltration Capacity model,
which is a large-scale gridded hydrological model mostly suitable for large river basins [72].

Different methods and models have been developed to assess rainfall-runoff processes. Shahid et al. [56] categorized
these methods into the paired catchment method, statistical method, and hydrological modeling method. The paired
catchment method faces challenges in identifying hydrologically identical catchments, while statistical methods have
limited physical interpretability and struggle to directly assess the effects of land use changes on runoff and infiltra-
tion [56, 75]. Among hydrological models, commonly used approaches include the Variable Infiltration Capacity (VIC)
model, distributed hydrological models, lumped hydrological models, and the Soil and Water Assessment Tool (SWAT).
The VIC model, though suitable for large river basins, but it demands extensive computational resources. Distributed
and lumped models require a large set of parameters for calibration and validation, making them less practical for data-
scarce regions [56].

In contrast, SWAT was selected for this study due to its versatility in simulating river discharge across both large and
small river basins, its ability to integrate land use, soil, and climate data at a watershed scale, and its proven effective-
ness in long-term hydrological simulations [21]. Unlike lumped models, which treat entire basins as a single unit, SWAT's
semi-distributed structure allows spatially explicit representation of hydrological processes, capturing the impact of land
use and climate variability with greater accuracy. Furthermore, SWAT effectively balances computational efficiency with
physical process representation, making it superior to complex distributed models that require extensive calibration.

Recent studies on climate change impacts on river flow in the Himalayan region using CMIP6 coupled models have
provided valuable insights into hydroenergy generation but remain limited as compare to the geographic and climatic
diversity of the Nepalese Himalayas, as well as unable to assess the economic implications of fluctuating river flows and
seasonal variability [6, 28, 32, 49, 59, 67]. Addressing this gap, the research introduces a novel climate model by inte-
grating CMIP6 (CanESM5, MIROC6, MRI-ESM2-0) climate projections with economic valuation techniques to assess the
projected economic impacts of hydro energy generation in Nepal’s Himalayas. This research considers the limitation in
time interval of observed precipitation, temperature, and river flow data collected from authorized source (DHM Nepal),
inconsistent spatial resolution of used map and the assumption of constant land use change over time. By evaluating
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the economic performance of one of the first foreign-invested hydropower plants built two decades ago, this study
provides a comparative analysis of past and projected economic outcomes, offering critical insights into the long-term
sustainability of hydropower investments which can be extended to other river basins globally. This study informs to
planners, policymakers, and investors about potential policy amendments and future investment strategies, highlight-
ing both economic losses and benefits to support resilient and adaptive energy planning in the face of climate change.

2 Materials and method
2.1 Study area

The research was conducted on the Khimti River (Fig. 1), which flows along the boundary of two of Nepal’s most climate-
vulnerable districts, Dolakha and Ramechhap. The Khimti River originates from the Himalayas and merges with the
Tamakoshi River at Khimtibeshi. The area along the riverbank has a warm, subtropical climate, with temperatures in the
range of 22-27 °C during the summer and 10-15 °C during the winter. In the monsoon season, which lasts from June to
September, the average monthly rainfall is 250-450 mm [42]. As reported by the closest station (Jiri), temperatures in
the catchment, range from 25 to—2 °C [62].

The Khimti hydropower project is designed as a RoR-type hydropower plant to produce 60 MW of electricity and
around 350 GWh/yr. The total catchment area at the river intake is 358 km? The water flow at the intake is 31.5 m%/s,
with a minimum daily discharge of 3.5 m3/s (https://hpl.com.np/projects/). The reason behind the study area selection
is that the river basin is most vulnerable to climate change because its origination and ending point is within the most
vulnerable district.

Fig. 1 Map of the study area
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2.2 Data
2.2.1 Climate and hydrological data collection and processing

The Department of Hydrology and Meteorology of the Government of Nepal provided data of the nearest station covering
more than 30 years (1965-2016 for temperature, 1961-2016 for precipitation, and 1964-2009 river flow) of measurement.
Jiri is the weather station closest to the hydropower intake, while Rasnalu is the closest river flow station located about 3 km
upstream (Table 1). For comparison and analysis of data deviation generated by climate models, missing data which were
less than 5% were substituted by considering the average of historical data from the same dates in previous and subsequent
years after the missing value [14]. The period 1994-2003 was selected to calibrate and validate the SWAT model because
consistent and uninterrupted datasets were available for this timeframe. These datasets had a higher degree of correlation
with the simulated flow, thereby justifying their selection for calibration and validation purposes. Although shorter calibration
and validation periods can introduce uncertainties into model parameter estimation, the SWAT model was chosen based on
its demonstrated effectiveness and reliable performance in similar mountainous river basins within the Himalayan region [10,
60, 61]. Furthermore, calibration employed the SUFI-2 algorithm (in SWAT-CUP software), providing comprehensive uncer-
tainty assessment through parameter sensitivity analyses and uncertainty bounds (95% prediction uncertainty intervals).
The Earth System Grid Federation (ESGF) (https://esgf-node.linl.gov/search/cmip6/), which is hosted by the Department
of Energy, Lawrence Livermore National Laboratory of the United States, provided the CMIP6 data for three climate models
CanESMS5, MRI-ESM2-0, and MIROC6. Using Arc GIS, the downloaded meteorological data for the Shared Socioeconomic
Pathway SSP2 4.5 and SSP5 8.5 scenarios from the ESGF were extracted in the form of a NetCDF file to determine the precise
location of the observed data and bias-corrected from CMhyd software [38, 57]. The climate models used in this study were
selected based on their historical accuracy in simulating precipitation, temperature patterns, and their capability to capture
extreme climatic events. Previous studies have indicated that several CMIP models can exhibit significant biases and incon-
sistencies when representing regional hydrological processes, potentially increasing uncertainty in river flow projections [53].
Therefore, the model selection from the CMIP6 involved, identifying suitable models from existing literature based on proven
performance in Nepal and HKH region [7, 15, 18, 29, 31, 37, 48, 49, 58, 64, 70] and subsequently evaluating their historical
precipitation and temperature outputs against locally observed datasets using statistical metrics (mean bias, RMSE, and
R?). Through this precise approach, the three best-performing climate models for the Khimti River basin were determined.

2.2.2 Geophysical data collection and processing

In addition to meteorological data, the SWAT model also requires geophysical data, such as the Digital Elevation Model (DEM),
land cover, and soil. The watershed of the hydropower intake and stream flow patterns were defined using an ASTER DEM
with a 30 m resolution. This study utilized a soil map digitized by FAO-UNESCO at a 1:5,000,000 scale and a map of land use/
land cover developed by the International Centre for Integrated Mountain Development in 2021.

2.2.3 Bias correction of climate models data

The statistical characteristics of practical observations may not be fully represented by the meteorological variables
such as temperature and precipitation generated by different climate models mainly because of the great impact
of local terrain and variations in altitude [17, 54]. Therefore, bias correction was performed using variance scaling
and power transformation tools of CMhyd software for temperature and precipitation, respectively, to reduce the
discrepancy between the simulated and observed data. These two tools (one pair) were chosen out of a total of
eight tools (four pairs) within the CMhyd program because they were more effective than the others for analyzing
data based on frequencies [23, 68]. The CMhyd software used in this study is a python based model which is able to
use for global and regional climate model data in hydrological modeling. It performs both temporal and spatial bias

Table 1 Geographic

3 . Station name Type of station Latitude Longitude Elevation (m)
location of hydrological and
meteorological station Jiri Meteorology 27°38' 86° 14’ 2003
Rasnalu Hydrology 27° 34’ 86° 11’ 1520

@ Discover


https://esgf-node.llnl.gov/search/cmip6/

Research

Discover Applied Sciences (2025) 7:688 | https://doi.org/10.1007/542452-025-07304-7

correction on climate model data, ensuring that the data accurately reflects the observations from gauges used as
inputs for hydrological models [51].

In the power transformation procedure, the rainfall data generated by the models were rectified by fitting them
with observed data. The coefficient of variation (CV) was calculated using a power transformation tool. To correct the
rainfall amounts for each day “P” Eq. (1) was used to transform them into corrected values denoted as P".

p* = gp® M

The coefficient“b” was derived by comparing the CV of observed rainfall data with the rainfall data obtained from
GCMs, and its average value was obtained. Similarly, the coefficient “a” was calculated by comparing the average
value of observed rainfall data with the simulated value during the assessment period.

Similarly, the process of correcting temperature errors also included scaling and shifting to align the average and
variance of the observed and GCM data with the observed data and its standard deviation. By fitting the GCM data
with the observed data, the corrected daily temperature values, represented as “T,” were obtained usi ng Eq. 2.

— ol(T, _
T =Tops+ (7((7_—;:)) (Tgcm - Tgcm> (2)

In the equation, T represents the daily temperature after correction; Ty, the GCM temperature without bias cor-
rection; T,,, the recorded temperatures for each day. The overbar represents the average value of the variable, while
o represents the standard deviation.

2.3 Method

Figure 2 provides a diagrammatic representation of the methodology used in this study. The geophysical data and
observed meteorological data (temperature and precipitation) were used to set up the SWAT model.

Fig.2 Methodological frame- o
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2.3.1 SWAT model setup and simulation

SWAT is a computational software designed to simulate the movement and characteristics of surface water, groundwater, and
sediment in river basins of varying sizes, encompassing both small and large river systems [14]. The simulation and projection
process in ArcSWAT 2012 model consisted of six steps, namely, watershed delineation, defining the hydrological response
unit (HRU), formatting climate and weather data, performing SWAT model simulation, performing model calibration, and
performing validation based on SWAT Calibration and Uncertainty Procedures (CUP). In the SWAT model, an HRU represents
a component consisting of land areas sharing similar attributes related to land use, soil type, and slope characteristics [50].
Aster DEM with 30x 30 km resolution was used for the watershed delineation. Five outlets were selected, and five sub-basins
were generated, the study area automatically generated 25 outlets. The sub-basins were subsequently categorized into HRUs
based on the distribution of land use, soil properties, and slope characteristics. The surface runoff within each sub-basin and
the total runoff from the final outlet of the sub-basin with the lowest elevation were calculated by using the Egs. (3), (4), (5),
(6) [45]. The SWAT model was calibrated and validated using observed streamflow data from gauging stations within the
study area. The calibration process was conducted using SWAT-CUP with the SUFI-2 algorithm to optimize key hydrological
parameters. Model performance was evaluated using statistical metrics, including the Nash-Sutcliffe Efficiency (NSE), coef-
ficient of determination (R?), and Percent Bias (PBIAS), Standard Deviation Ratio (RSR) ensuring an accurate representation
of the hydrological processes.

t
SWe = SW, + Z(Rday = Quur —Eg — Wsweep - ng)i (3)

i=1

This equation computes the final water content (SW,) in millimeters by considering several factors, including the initial soil
water content (SWy) on the day i, passage of time (t) in days, amount of precipitation (Ry,,) on day i in millimeters, the water
infiltrating into the vadose zone (W,,,) from the soil profile on day i, and groundwater flow (Qg,,) on day i in millimeters. The
equation given below is used to determine the surface runoff.

Rday - Ia 2
={— 4
qurf <Rday - /a + S) @

aw)

Equation (4) calculates the accumulated runoff or rainfall excess (Q,,¢) in millimeters. It considers the daily rainfall amount
(Rday) in millimeters, the initial abstractions (I,) that include canopy interception, surface storage, and infiltration before runoff
in millimeters, and the retention parameter (S). The retention parameter (S) is determined using the following equation.

1000
S= 25.4(— _ 10)
N (5)

Equation (5) includes the curve number for the specific day, where the initial abstractions (I,) are often estimated as 0.2
times the retention parameter (S). The accumulated runoff or rainfall excess (Q,¢) is expressed as follows.

o= Rigy — 025\ ©
T\ Rygy +0.85

Water discharge occurs when the daily rainfall amount (Rday) surpasses the initial abstractions (1,).

Figure 3illustrates the hydrological system and its key water balance components affecting river flow in the Khimti River
Basin. Precipitation serves as the primary water input, with monsoon rains increasing surface runoff and the risk of flash
floods, while part of the water infiltrates into the soil, contributing to groundwater recharge. Baseflow from shallow and deep
aquifers sustains river discharge during dry seasons, ensuring hydropower availability in the Khimti River Basin. Lateral flow,
tile flow, and percolation regulate water movement, while bank storage and return flow help manage floods and maintain
baseflow. Evaporation and outflow beyond the watershed represent water losses from the river system.

2.3.2 Power generation computation

Hydroelectricity generation computation is the multiplication of river flow, water density, head distance, gravitational
force, and turbine efficiency. The gross hydroelectricity generation in watts is calculated using the following equation [25].
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where E represents energy generation; p is the density of water, with p =103 kg/m3; g represents the gravitational force
(g=9.81 m/s?); Qis the river flow (m3/s); Ah represents net head height, which is 660 m in Khimti hydropower plant; and
1 is the turbine efficiency (n =80%).

2.3.3 Calculation of surplus hydro energy generation and economic analysis

The surplus hydro energy generation values presented in this study were directly derived from the simulated river
discharge outputs generated by the calibrated SWAT hydrological model, driven by future climate scenarios obtained
from the CMIP6 climate models (CanESM5, MIROC6, MRI-ESM2-0). Surplus energy generation was calculated based
on modeled river flows exceeding baseline hydropower generation capacities, ensuring consistency with hydrological
simulations. Additionally, to confirm accuracy and enhance reliability, the estimated surplus energy was cross-verified
against historical energy generation data and observed streamflow records from the Khimti Hydropower Project. After
determining the annual energy production, an economic analysis was conducted by multiplying the prevailing per-unit
average energy price in Nepal.

3 Results

This section presents the findings of detailed hydrological modeling, various climate scenarios, future hydrological pro-
jections, future hydropower generation, seasonal variation, economic risk, and benefit analyses for the future.

3.1 SWAT model calibration and validation using SUFI-2 algorithm

To achieve the optimal alignment between the simulated and observed daily river flows, the SWAT model should be
calibrated as it comprises default parameter values without calibration, and these values cannot simulate the surface
runoff at the gauge station properly. The default parameter in the model underestimates the base flow and peak dis-
charge in the snow-feeding river. Still, it overestimates the peak flow and underestimates the base flow for the seasonal
river. Twenty one hydrological characteristics were selected for SWAT model calibration, as summarized in Table 2. The
calibration and validation were performed at the Khimti hydropower dam site using SUFI-2 algorithm in SWAT-CUP
software. The calibration phase involved using a seven-year dataset of stream flow for 1994-2000, while model valida-
tion was performed using a three-year dataset for 2001-2003 (Fig. 4). A warm-up period of five years was incorporated
to establish favorable groundwater table conditions. The warm-up period 1989-1993 was adopted for calibration and
1996-2000, for model validation.
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Table 3 Calibration and

g Statistics Rasnalu Station

validated results of the SWAT

model Calibration Validation
NSE 0.74 0.72
R? 0.8 0.75
PBIAS 14 3.2
RSR 0.56 0.59
WBE 13 15.1

The SWAT model parameters were selected for the calibration and validation based on previous studies in Nepal [22,
40, 46, 63, 69, 73]. The sensitivity analysis of the SWAT model in Khimti river basin, based on SUFI-2 t-statistics and p-values
[55], revealed that channel hydraulics parameters were the most influential during calibration. Specifically, Manning’s “n”
value for the main channel (CH_N2) and effective hydraulic conductivity in main channel alluvium (CH_K2) ranked highest
in sensitivity, indicating their strong control on flow velocity and in-stream water movement. Similarly, minimum melt rate
of snow during the year (SMFMN), initial depth of water in the deep aquifer (DEEPST) and precipitation lapse rate (PLAPS)
ranked in 3, 4, and 5 respectively, shown in Table 2 revealed that strongly influence hydrological parameters. Although
the curve number (CN2), commonly associated with surface runoff generation, was identified in the narrative as the most
sensitive parameter, it ranked 11th in the statistical analysis, suggesting moderate influence during this calibration [2,
20, 26, 33, 36, 52, 65]. Other important parameters included saturated hydraulic conductivity (SOL_K), available water
capacity (SOL_AWC), soil evaporation compensation factor (ESCO), and groundwater delay (GW_DELAY), all of which
shape surface and subsurface flow dynamics. Parameters like baseflow alpha factor (ALPHA_BF) and threshold depth for
return flow (GWQMN) also showed relevance but with lower sensitivity rankings. Overall, while traditional runoff-related
parameters remain significant, the analysis highlights the dominant role of channel and subsurface flow characteristics
in governing streamflow response in the Khimti river basin.

Model performance evaluation involved assessing four statistical parameters: the Nash-Sutcliffe coefficient (NSE),
coefficient of determination (R?), root mean square error (RMSE)-observations standard deviation ratio (RSR), percent
bias (PBIAS), and water balance error (WBE). The data in Table 3 indicate a strong agreement between the simulated and
recorded flows, indicating a good fit for the model [43].

3.2 Climate model results for future projection
3.2.1 Effect of climate change on the average seasonal stream flow

The impacts of climate change on the water balance of the river were measured at the Khimti hydropower dam
site at Palanti for three scenarios—one GCM and two SSPs for forthcoming periods 2023-2049 (called the 2040s),
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2050-2074 (called the 2060s), and 2075-2099 (called the 2090s). Figure 5 shows the change in stream flow at dif-
ferent time intervals for SSP2 4.5 and SSP5 8.5 climate settings for CanESM5, MRI-ESM2-0, and MIROC6 models and
compares the results with the observed baseline flow. All three GCMs show a decrease as well as an increase in aver-
age monthly flow.

During the dry seasons from January to April, MRI-ESM2-0 has the highest stream flow, followed by CanESM5 and
MIROCS6 for SSP2 4.5 in all time intervals and for the 2040s in SSP5 8.5. However, CanESM5 has the highest stream
flow for the same dry season in SSP5 8.5 for the 2060s and 2090s, followed by MRI ESM2-0 and MIROC6. Compared
to the results with the observed baseline, all three models have a nearly average flow for January and February. In
contrast, the least flow is observed in March and April in the dry season in all time intervals. The stream flow in the
river increases rapidly from May for all three models, similar to the observed flow, and reaches its peak flow in August.
In August, MIROC6 showed the maximum peak flow, followed by MRI-ESM2-0 in both climate scenarios for all time
intervals, though the difference in peak flow was not significant in the 2040s for both scenarios. The peak flow of
CanESM5 is less than the observed baseline flow for SSP2 4.5 and 2040s and 2060s for SSP5 8.5. However, the high-
est water flow was greater than the recorded baseline water flow for the 2090s on SSP5 8.5. The stream flow rapidly
decreased for all models as well as the baseline and reached its minimum value in December. Figure 5 shows that
the post-monsoon flow (November-December) is greater than the pre-monsoon flow (January—March). Although
the MRI-ESM2-0 has the highest flow in pre-monsoon period, it has the lowest flow in post-monsoon period in all
time intervals for both scenarios. MIROC6 shows the highest flow for the post-monsoon periods for all time intervals
of SSP2 4.5 and for the 2040s and 2060s of SSP5 8.5, while CanESM5 shows the maximum flow for the 2090s of SSP5
8.5 scenario. The baseline flow is almost average for all three models in both scenarios. The average flow of the three
models for the pre-monsoon and post-monsoon periods will be 6.5 and 8 m?/s, respectively. Similarly, the highest
peak flow for MIROC6 model fluctuates between 110 and 120 m?3/s in all time intervals for both scenarios, whereas
the least peak discharge for CanESM5 is 56 m>/s for SSP2 4.5 scenario in the 2040s.

3.2.2 Projected impacts of climate change on future average annual streamflow

The percentage change of the annual average stream flow from the recorded reference point of water flow is shown
in Fig. 6 for SSP2 4.5 and SSP5 8.5. In the SSP5 8.5 scenario, the CanESM5 model predicts a 41.9% rise by the 2060s
and a 54% increase in river flow by the 2090s. In contrast, the SSP2 4.5 scenario projects the lowest growth rate of
0.2% in the 2040s. Similarly, according to MRI-ESM2-0 model in SSP2 4.5 scenario, stream flow will fall by 0.2% in the
2060s. For all three models and both scenarios, the stream flow increased by 15.8%—25.7%, during the remaining
time intervals. Overall, the figure demonstrates significant variability with the increased range 0.2%—-54% among
different climate models, time intervals, and emission scenarios.
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3.2.3 Seasonal stream flow in different time intervals

Table 4 compares projected seasonal streamflow across various climate scenarios (SSP2-4.5 and SSP5-8.5), future
time periods (2040s, 2060s, and 2090s), and climate models (CanESM5, MRI-ESM2-0, and MIROC6) against historical
observations. Notably, summer consistently records the highest streamflow across all scenarios and time periods,
while winter demonstrates the lowest values, highlighting clear seasonal variability. Streamflow generally increases
progressively over time, particularly under the more severe SSP5-8.5 scenario, with MIROC6 typically projecting higher
values compared to CanESM5 and MRI-ESM2-0. Compared to historical data, future scenarios illustrate considerable
increases in streamflow, especially in summer and autumn, highlights the potential climate-induced intensification
of seasonal hydrological patterns.

3.2.4 Energy generation

Increasing greenhouse gas (GHG) emissions in the atmosphere causes changes in temperature and precipitation,
which, over time, directly affect river discharge and, ultimately, hydroelectricity production. Although the average
flow at intake is 31.5 m3/s, the minimum flow at intake is only 3.5 m3/s. The goal of the hydropower project was
to generate a total of 62.5 MW at an intake flow of 11.65 m?/s. Following auxiliary use, the hydropower produces
approximately 350 GWh per year, as mentioned in the salient features in the project documents.

Nevertheless, the stream flow data at the intake were acquired from the Department of Hydrology and Meteorol-
ogy of the Ministry of Energy, Water Resources and Irrigation of the Government of Nepal, and data for the period
1989-2008 were computed. After considering auxiliary uses, the calculated baseline resulted in an annual net energy
generation of 382 GWh. This study eliminated the auxiliary uses from the net energy generation in each model for
all scenarios. The resulting values were then compared to both the energy projected for the baseline and the energy
calculated based on the observed stream flow data, as illustrated in Table 5.

Both the scenarios SSP2 4.5 and SSP5 8.5 clearly result in higher energy generation compared to the baseline
mentioned in Table 5 for all time periods across the three GCMs. The CanESM5 model predicts that energy generation
will increase slightly in the 2040s under the SSP2 4.5 scenario, which is only 14.8% and 5.2% higher than the project
and calculated baselines, respectively.

The energy generation is expected to reach its highest point in the SSP5 8.5 scenario during the 2090s. This peak
is projected to be 37% higher than the project baseline and 25.5% higher than the calculated baseline. In both sce-
narios, SSP2 4.5 and SSP5 8.5, the MIROC6 model predicts an increase in energy generation compared to the baseline.
This increase is in the range of 17.4-19.4% compared to the project baseline and 7.6-9.4% compared to the calculated
baseline. Similarly, the MRI-ESM2-0 model predicts an increase of 21.6-25% compared to the project baseline and
an increase of 11.5-14.6% compared to the calculated baseline over the given time period.
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3.2.5 Surplus energy and economic benefits

Figure 7 illustrates the surplus hydropower generation and its corresponding economic benefits in US dollars (USD) for
all time intervals, scenarios, and models examined in this work. First, with regard to the surplus energy compared to the
project baseline and the related economic benefits, CanESM5 estimates the lowest surplus energy and economic gains
in the 2040s for SSP2 4.5 and the highest for SSP5 8.5 in the 2090s, at around 2.9 million and 7.4 million USD, respectively,
or 51.9 and 129.6 GWh/yr, respectively. According to MIROC6, the benefits to the economy are nearly constant at 3.8
million USD during the 2040s and 2090s under SSP5 8.5 and under SSP2 4.5 in the 2060s; however, the economic benefit
fluctuates between 3.4 and 3.7 million USD in the other scenarios. Similarly, according to MRI-ESM2-0, there is a moder-
ate decline in economic benefits from 5 million to 4.3 million USD for the SSP5 8.5 scenario and from 4.7 million to 4.5
million USD for the SSP2 4.5 scenario on increasing the time interval because of the surplus energy generation. Second,
the surplus energy compared to the calculated baseline and its economic benefits is 32 units lesser than the result of
project baseline energy generation and 1.8 units lesser than the results of economic benefits by project baseline on the
same increasing trend.

3.2.6 Seasonal energy generation analysis

Figure 8 reflects the percentage change in energy generation for four seasons: spring (March-May), summer
(June-August), autumn (September-November), and winter (December-February) within the time interval of 2023-2099.
This analysis was conducted by comparing the projected energy generation with the historical stream flow data of
1989-2008. The horizontal axis of the figure indicates the seasons and time intervals of the three GCM models, namely,
the 2040s, 2060s, and 2090s.

The results indicate that in the spring and winter seasons, the projected energy generation in the CanESM5, MIROC6,
and MRI-ESM2-0 models for both scenarios SSP2 4.5 and SSP5 8.5 surpasses the energy obtained from observed river
flow. Specifically, the CanESM5 model predicts a substantial 92% increase in energy generation, particularly notable dur-
ing the winter season, in the 2090s. Furthermore, this model forecasts a 66% increase in energy generation for the SSP2
4.5 scenario during the spring of the 2090s but only a 35% increase during the winter. According to the MIROC6 model,
during the winter of the 2060s, the SSP2 4.5 scenario exhibits an 8% higher energy generation than the SSP5 8.5 scenario;
both scenarios perform similarly during the spring season. Additionally, the MRI-ESM2-0 model predicts higher energy
generation in the spring of the 2040s under the SSP2 4.5 scenario. Both scenarios exhibit a similar percentage increase
in energy generation during the 2060s; however, the energy generation is higher in the spring season in both scenarios
SSP2 4.5 and SSP5 8.5, with increases of 66% and 58%, respectively, compared to the baseline. For the MRI-ESM2-0 model,
the energy generation during winter is relatively similar between the two scenarios.

During the summer season, the three models exhibit almost indistinguishable performance in terms of electricity
production across the three time intervals. However, in the autumn season, the projected energy levels are consistently
lower than the energy obtained from the observed flow. Specifically, the CanESM5 model predicts a slightly lower energy
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generation by 5%-1% throughout all time intervals. Similarly, the MIROC6 model indicates a lower energy generation by
1% in the 2040s under the SSP2 4.5 scenario; otherwise, the generation remains consistent with the energy generated
by observed flow. The MRI-ESM2-0 model predicts a more remarkable drop of 8%-9% in energy generation across the
projected time intervals.

4 Discussion

Our study specifically investigated the implications of climate change on the water balance of the Khimti River basin,
focusing on the Khimti hydropower dam site. We projected the future annual and seasonal energy generation, as well as
the associated economic benefits, using three GCMs. The main objective was to assess how climate change affects the
water balance at the hydropower intake and its influence on hydroelectricity generation. The novel aspect of this study
is seasonal analysis of river flow and analyze the loss and gain from the hydropower in different climate scenarios which
has not explored by previous studies in Nepal [6, 28, 32, 49, 59, 671.

We used the SWAT with GCM data of three models, namely, CanESM5, MIROC6, and MRI-ESM2-0, under the SSP2 4.5
and SSP5 8.5 climate scenarios of CMIP6. The temperature and precipitation data generated from these models were
subjected to error correction by CMhyd software. Several studies employed SWAT models and different versions of
the aforementioned climate models to project future water balance in different time periods [3-5, 19]. Bias correction
of GCM data is important to adjust the output and improve its accuracy and reliability for use on a local scale. Various
approaches for bias correction, encompassing statistical and dynamical methods, are available. Each method has its own
advantages and limitations. The selection of a particular method depends on the specific application requirements and
data availability. Marahatta et al. [39] adopted the quantile mapping method to correct the bias in GCM data. This bias
correction technique was implemented to evaluate the impacts of climate change on the interconnected dynamics of
water, energy, and economics, with a specific focus on the water storage type of the hydropower project.

Similarly, Adhikari et al. [1] employed the statistical downscaling model (SDSM, version 4.2.9) to assess the influence
of climate change on the water conditions within a mountain river basin, considering various climate scenarios repre-
sented by RCPs. Chaemiso et al. [13] applied nonlinear correction for precipitation and linear correction for temperature
to transform unbiased variables into corrected precipitation data. The objective of employing this approach was to
evaluate the consequences of climate change on the hydrological processes occurring in Omo-Gibe Rivers in Ethiopia.
Furthermore, Chakilu et al. [14] conducted a study in the upper Blue Nile river basin to evaluate stream flow response to
climate change. They used variance scaling and power transformation methods for temperature and rainfall, respectively,
in the CMhyd program because it is more effective than other methods. Their approach is aligned with the bias correction
methodology adopted in our study.

The calibration and validation of the model involved comparing simulated annual and seasonal streamflow against
observed historical discharge records at the Khimti hydropower intake using robust statistical indicators, including
Nash-Sutcliffe Efficiency (NSE), coefficient of determination (R?), percent bias (PBIAS), and the RMSE-observations
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standard deviation ratio (RSR). Additionally, surplus energy projections derived from simulated seasonal flows were cross
validated with historical energy production data from the Khimti hydropower project. We used the sequential uncertainty
fitting (SUFI-2) algorithm from the SWAT-CUP along with seven years of observed river flow data to calibrate 21 hydro-
logical parameters. A similar investigation was conducted by Bhatta et al. [8] in the West Seti River basin, Nepal, using
datasets from a comparable time interval for calibrating 39 hydrological parameters. Short period data similar to [74] for
the calibration and validation, results showed that the SWAT model performed well, with an NSE of 0.74, 0.72, and R? of
0.8, 0.75, indicating a strong correlation between observed and simulated streamflow. However, slight overestimations
were noted during peak flow periods, likely due to the model’s sensitivity to precipitation variability. These calibrated
results were reasonably consistent with the study conducted by Bhatta et al. [8]. To quantify uncertainties in hydrologi-
cal projections, a sensitivity analysis was conducted to identify key parameters affecting runoff. The SUFI-2 algorithm
in SWAT-CUP provided 95% prediction uncertainty (95PPU), ensuring robust confidence intervals for the simulations.
Additionally, multiple CMIP6 climate models (CanESM5, MIROC6, MRI-ESM2-0) were incorporated to assess variability in
future runoff projections, reducing uncertainties in climate-driven hydrological impacts.

The three climate models show slightly higher projected stream flow than the observed flow in all time intervals in
pre- and post-monsoon seasons: for MIROC6 and MRI-ESM2-0, higher flow is predicted in the monsoon season, whereas
for CanESM5, the flow is lower in both climate scenarios except for the 2090s. The average annual flow projected by the
three models varied significantly, with increases ranging from 0.2 to 54%. CanESM5 predicts a higher increase in the
2090s for the SSP5 8.5 scenario. A comparison of our results with those of similar previous studies shows that the river
discharge in Tamakoshi River will be changed by —37.83% to + 47%, indicating a mild risk of 0.69% to 6.63% for electric-
ity generation at the Tamakoshi hydropower project [62]. Furthermore, according to a study on Kaligandaki River basin
in Nepal, the river flow is expected to increase by 50% in RCP 4.5, and 8.5 scenarios [5], and a study on the West Seti
River basin assumed a higher flow increase of 10.7% [10]. In this study, we found that surplus energy generation and
economic benefits increased significantly across all three models compared to the project and calculated baselines. The
most important contributions to the benefits were noted in spring followed by winter. During the summer and autumn
seasons, there was no significant disparity between the recorded and predicted energy generation, possibly because
the hydropower facility operated at near-full capacity for both recorded and predicted flows. This observation partially
agrees with the results of a study conducted by Chilkoti et al. [17] in the C.H Corn Hydro project on the Ochlockonee
River in the US; which demonstrated that there was less uncertainty in the spring and summer seasons.

The results of this study not only validate the theoretical expectation that increased temperature leads to increased
streamflow due to enhanced precipitation and snowmelt but also extend existing hydrological theories by explicitly incor-
porating economic valuation of hydro-energy generation. Contrary to earlier theories that generalized runoff increase
uniformly across seasons, this study highlights significant seasonal variations, particularly emphasizing economic benefits
in the spring and winter seasons. Thus, this research advances the theoretical understanding by demonstrating that a
nuanced seasonal analysis combined with economic evaluation is essential for sustainable hydropower planning under
climate change scenarios. The Khimti River Basin provides a representative case study for understanding the impact
of climate change on hydropower generation in Himalayan basins. However, to enhance the broader applicability of
our findings, we compare our results with studies conducted in similar glacial-fed river systems, such as the Tamakoshi,
Kaligandaki, and Upper Indus basins. These studies have reported both positive and negative trends in hydropower
availability, depending on glacier melt dynamics and seasonal flow variations. The methodological approach used in
this study including SWAT model calibration and CMIP6 climate projections can be replicated in other high-altitude,
snow-fed basins with comparable topography and climatic conditions. While our conclusions are particularly relevant
to Nepal, the framework can inform hydropower adaptation strategies across the broader Hindu Kush Himalayan region
and other mountainous hydropower-reliant regions worldwide.

4.1 Policy recommendations

The river flow projection in the Khimti River basin for different time intervals suggests that there will be an increase in
river flow under climate change, which directly influences hydroelectricity generation. Especially during the pre- and
post-monsoon seasons. Water scarcity problems for hydropower operation will slightly decrease in the future, which
will push to generate more hydroelectricity in the Himalayas region of Nepal. For the capturing of these opportunities
with more beneficial approaches, implementation of multipurpose reservoirs upstream to store the surplus water during
monsoon periods can consistently stabilize energy supply in drier seasons. Since the energy consumption rate of Nepal
is comparatively low as per energy generation capacity, the establishment of long-term energy trade agreements with
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nearby countries such as India, Bangladesh, Bhutan, and China help to increase the consumption of surplus electricity
and enhance the country’s economy.

Furthermore, authorities should offer targeted financial incentives, including tax reductions and direct subsidies, to
attract private investment in reservoir-based hydropower projects. Allocating a portion of hydropower revenues to local
forest user groups can fund initiatives aimed at forest conservation, runoff reduction, reservoir sedimentation control, and
improved groundwater recharge, thus maintaining consistent river flows throughout the year. Lastly, directing increased
hydropower-generated revenues towards rural electrification infrastructure can significantly improve rural communities
by promoting small-scale industries, creating employment opportunities, and fostering broader socioeconomic develop-
ment, which will accelerate consumption of electricity inside the country.

5 Conclusion

This study examined the impact of climate change on streamflow and its implications for hydro-energy generation in
the Khimti River Basin, Nepal. Using the SWAT model calibrated with observed river flow data to ensure the reliability of
the results, this research projected future discharge under SSP2-4.5 and SSP5-8.5 climate scenarios. The findings indicate
a significant increase in annual river flow, ranging from 0.2 to 54% across all time intervals, with the highest increase of
54% projected for the 2090s followed by 41.9% for 2060s. Seasonal variations suggest higher monsoon flows for MIROC6
and MRI-ESM2-0, whereas CanESM5 predicts comparatively lower flow except in the late century. The projected increase
in streamflow presents a positive opportunity for hydropower generation and economic benefits, particularly in the
spring and winter seasons, when additional energy production can enhance grid stability. These findings provide valu-
able insights for policymakers, planners, and investors to optimize hydropower potential through strategic infrastructure
development, climate-adaptive policies, and foreign investment in energy projects.

Future work should focus on integrating reservoir management strategies and adaptive energy storage solutions
to enhance hydropower sustainability. Additionally, real-time hydrological forecasting could improve the reliability of
energy generation estimates, ensuring efficient hydropower operation under changing climatic conditions. Similarly,
this research also recommended to explore nature-based solutions for managing excessive rainwater and identifying
suitable upstream sites for reservoir construction to optimize seasonal energy production in Himalaya region.
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Abstract: Understanding historical climatic extremes and variability is crucial for effective
climate change adaptation, particularly for urban flood management in developing coun-
tries. This study investigates historical precipitation trends in the Kathmandu Valley, Nepal,
focusing on precipitation frequency, intensity, and the influence of the El Nifio-Southern
Oscillation (ENSO), using extreme precipitation indices and the precipitation concentration
index (PCI). The results reveal sharply fluctuating short-term precipitation from 1980 to
2022, with the exception of an increasing trend during spring (1.17 mm/year) and a decreas-
ing trend in November and December. Trends in extreme precipitation indices are mixed:
RX7day shows an increasing trend of 0.1 mm/year, with decadal analysis (1980-2001 and
2002-2022) indicating similar upward patterns. In contrast, RX1day, RX3day, RX5day, and
RI5pTOT exhibit inconsistent trends, while RO9pTOT demonstrates a decreasing trend
over the full period (1980-2022). Although the number of days with precipitation > 35 mm
has declined, the increasing trend in 7-day maximum precipitation, coupled with no signif-
icant change in total annual precipitation and highly variable short-term rainfall, points
to a rising risk of unexpected extreme precipitation events. Precipitation patterns in the
Kathmandu Valley remain highly irregular across seasons, except during summer. ENSO
exhibits a negative correlation with annual precipitation, extreme precipitation indices, and
the PCI but shows a positive correlation with the annual and summer PCI as well as 1-day
maximum precipitation, emphasizing its significant influence on precipitation variability.
These findings highlight the urgent need for targeted climate adaptation strategies and pro-
vide valuable insights for hydrologists, meteorologists, policymakers, and urban planners
to enhance climate resilience and improve flood management in the Kathmandu Valley.

Keywords: climate change; extreme events; flood disaster; Kathmandu; precipitation
indices; precipitation concentration index; Nepal

1. Introduction

Climate change is reshaping precipitation patterns at local, regional, and global scales,
with significant consequences for hydrological cycles and extreme weather events [1].
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The rapid rise in global average temperatures has increased atmospheric water vapor
concentrations, thereby intensifying extreme precipitation events [2]. As a key component
of the Earth’s hydrological cycle, precipitation is experiencing dynamic transformations
under the influence of global warming, resulting in notable changes in its frequency,
intensity, and spatial distribution [3]. The acceleration of climate change further amplifies
hydrometeorological disasters such as floods, droughts, and landslides [4]. South Asia, in
particular, is among the world’s most disaster-prone regions, witnessing an overall rise
in extreme precipitation with spatially heterogeneous patterns [5]. Nepal is especially
vulnerable, ranking fourth globally as the most climate hazard-prone country [6].

Numerous studies have explored precipitation patterns using both observed and
projected datasets and applied various analytical approaches globally. Sun et al. (2021) [7]
investigated extreme precipitation trends at global, continental, and regional scales using
the one-day maximum (RX1day) and five-day maximum (RX5day) precipitation indices.
Their results show that nearly two-thirds of global observation stations exhibit signifi-
cant upward trends in extreme precipitation, particularly across Asia, Europe, and North
America, with pronounced increases in regions such as central and eastern North America,
northern Central America, northern Europe, the Russian Far East, eastern Central Asia, and
East Asia. Similarly, Donat (2016) [8] examined total and extreme precipitation variations in
wet and dry regions using both observational data and global climate model outputs. The
study found that precipitation has historically increased in wet regions and is likely to con-
tinue rising, whereas dry regions may experience a sharp increase in extreme precipitation
events by the late 21st century. Additionally, Papalexiou and Montanari (2019) [9] analyzed
global precipitation trends from 1964 to 2013 and concluded that both the intensity and
frequency of precipitation increased significantly over this period.

While global studies highlight broad trends, local investigations reveal more heteroge-
neous patterns. Safdar et al. (2023) [10] analyzed precipitation trends in Pakistan during
the winter and pre-monsoon seasons from 2008 to 2018, reporting a decline in winter pre-
cipitation and a reduction in rainy days for both seasons. Similarly, Aditya et al. (2021) [11]
employed the Mann-Kendall test and Sen’s slope estimator to examine rainfall variability
in West Kalimantan, Indonesia. Their findings indicate a declining annual precipitation
trend in the Mempawah region, while the Kubu Raya region exhibited an increasing an-
nual precipitation trend between 2000 and 2019. The study further identified a significant
precipitation decrease of —33.2 mm/year in Sungai Kunyit, suggesting a potentially drier
future for the area. A comparable downward trend was observed in India’s Thoubal River
watershed, where precipitation declined by 10.3 mm/year, accompanied by considerable
variability [12]. Another study on India’s precipitation patterns, with ref. [13] analyzing
data from 2001 to 2018, reported decreasing precipitation in the Indo-Gangetic Plain and
in Northeast India due to a weakening of the southwesterly moisture flow, while north-
western India experienced an increasing trend. In southern India, precipitation declined
because of a northward shift in sinking air masses over the equatorial region. In Bangladesh,
Jihan et al. (2025) [14] projected an overall increase in precipitation by 480.38 mm, with the
most pronounced rise occurring during storm-prone months.

Situated along the southern slopes of the central Himalayas, Nepal is highly vulnerable
to extreme precipitation events because of its complex topography and dynamic atmo-
spheric interactions. The country’s summer monsoon primarily originates from the Bay of
Bengal, supplemented by mid-latitude cyclonic systems that produce exceptionally heavy
rainfall when interacting with monsoonal flows. Additionally, moisture-laden systems
originating from the Arabian Sea and the Bay of Bengal further contribute to extreme pre-
cipitation, increasing the risk of both pluvial and fluvial flooding [15]. Several studies have
reported a rise in intense daily precipitation trends across Nepal, significantly contributing
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to flash floods in various regions [16-18]. For instance, Chhetri et al. (2020) [19] investigated
flooding in the Banke and Bardiya districts, attributing extreme flood events to overnight
heavy rainfall in central-western Nepal.

Nepal's climate is influenced by both the summer monsoon and westerly circulation
systems. The summer monsoon is driven by southeasterly winds that transport moisture
from the Bay of Bengal, whereas moisture-laden winds from the Mediterranean Sea gov-
ern the westerly circulation. In addition to these large-scale systems, Nepal’s complex
topography is critical in shaping local weather conditions, resulting in substantial spatial
variability in precipitation over short distances [20]. Shrestha et al. (2019) [21] analyzed
precipitation trends in the Koshi and Kaligandaki river basins from 1981 to 2015 and found
that precipitation rapidly decreased with elevation in the Kaligandaki basin, whereas the
Koshi basin displayed the opposite trend. Orographic effects and rain-shadow phenomena
further contribute to distinct spatial and temporal variations in precipitation patterns across
the country [22,23].

Luo et al. (2024) [24] analyzed extreme precipitation trends in Nepal using 11 precipita-
tion indices developed by the World Meteorological Organization’s Expert Team on Climate
Change Detection and Indices (ETCCDI) for the period 1971-2015 based on APHRODITE
data. Their findings indicate an overall decline in extreme precipitation trends, although
the number of maximum consecutive wet days increased at varying rates across west-
ern and eastern Nepal. This study also highlights the significant influence of the South
Asian monsoon on Nepal’s precipitation indices. Similarly, Lamichhane et al. (2024) [4]
employed the PCI to investigate precipitation patterns across Nepal from 1990 to 2020, with
particular attention to the role of El Nifo—Southern Oscillation (ENSO) on PCI variability.
Their results revealed that monthly precipitation in Nepal exhibits moderate to strong ir-
regularity, with lower elevation regions experiencing greater variability than mountainous
areas. Furthermore, annual precipitation trends show an increasing rate of 0.53 mm per
decade, while ENSO-driven variability is notably and inversely correlated with the Nifio
3.4 index across most regions of Nepal.

The Kathmandu Valley, situated in the central Himalayas, is characterized by bowl-
shaped topography and a single drainage outlet at Chovar. Rapid urban expansion has
intensified the impacts of extreme precipitation, resulting in frequent urban flooding [25].
For instance, on 6 September 2021, The Kathmandu Post reported that 121.5 mm of rainfall
caused severe inundation in multiple areas, including Balkhu, Kuleshwor, Narephant,
Balaju, and Mulpani, as well as along major roadways. These extreme precipitation events
often lead to traffic disruptions, casualties, disturbances for pedestrians and school children,
and broader socioeconomic consequences. The severity of such impacts in the Kathmandu
Valley is amplified due to the high population exposure.

Although several hydrometeorological studies have been conducted in the Kathmandu
Valley, most have concentrated on flood mapping rather than long-term precipitation
trends [26-32]. While Prajapati et al. (2021) [33] analyzed precipitation days from 1971 to
2015, their focus was primarily on spatial rainfall distribution and interstation comparisons.
Consequently, a significant research gap remains regarding the historical trends in extreme
precipitation intensity, frequency, and variability, as well as the influence of ENSO on
extreme precipitation events and the PCI in the Kathmandu Valley.

This study addresses these gaps by analyzing extreme precipitation patterns in the
Kathmandu Valley, focusing on frequency, intensity, seasonal and annual variability, and
the influence of ENSO. The Mann-Kendall test and Sen’s slope estimator are employed
to assess precipitation trends from 1980 to 2022 using extreme precipitation indices rec-
ommended by the World Meteorological Organization (WMO) and the PCI. Addition-
ally, this study investigates the effects of ENSO using the Nifio 3.4 index. The findings
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offer valuable insights for hydrologists, urban planners, and policymakers seeking to
improve flood forecasting and disaster preparedness by better understanding historical
precipitation extremes.

2. Materials and Methods
2.1. Study Area

The study area, illustrated in Figure 1, is located in the central Himalayan region of
Nepal and encompasses the capital city, Kathmandu, along with the districts of Bhakta-
pur, Kathmandu, and Lalitpur. Several major rivers, including the Bagmati, Bishnumati,
Manohara, Hanumante, and Dhobikhola, traverse through the Kathmandu Valley. Ge-
ographically, it lies between 27°32/13”-27°49'10" N latitude and 85°11'31"-85°31'38" E
longitude [34]. The Kathmandu Valley covers an area of approximately 664 km?. The
Kathmandu Valley ranges in elevation from 1350 m above sea level (masl) in the lowlands
to nearly 2800 masl in the surrounding hills. The valley is home to roughly 24% of Nepal’s
urban population which is estimated to be 3.3 million and projected to reach 3.8 million by
2031 [30], making it particularly vulnerable to climate-induced hazards, including extreme
precipitation events [35]. The region experiences four distinct seasons—summer, autumn,
spring, and winter—and falls within a subtropical to temperate climate zone. The average
annual precipitation is approximately 1778 mm, most of which occurs between June and
September. The temperature in the valley varies throughout the year, with recorded highs
reaching 23.8 °C and lows dropping to 11.4 °C [36].

12

16

I IKilometers ang other contributors

Rain gauge stations in Kathmandu Valley

Sources: Esri, GEBCO, NOAA, ¢
National Geographic, Garmin, HERE;
Geonames.org, and other contributors,
Esri, Garmin, GEBCO, NOAA NGDC, 0 180,0360,000 720,000 1,080,000 1,440,000
HH F—— F———Kilometers

Figure 1. Study area with rain gauge stations.
2.2. Data Preparation
2.2.1. Observed Station Data

This study used daily observed rainfall data from nine rain gauge stations in the
Kathmandu Valley covering the period from 1980 to 2022. The data were obtained from
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Nepal’s Department of Hydrology and Meteorology (DHM) [37]. Missing values in daily
precipitation data, which accounted for less than 5% of the dataset, were filled in using
data from nearby stations for the corresponding periods.

Given the spatial variability of precipitation across the Kathmandu Valley, it is essential
to estimate the average precipitation in a manner that accounts for the unequal distribution
of stations and the differing areas each station represents. Therefore, the average precipita-
tion across the valley was estimated using the Thiessen polygon method. This approach
delineates the area influenced by each station and assigns station-specific weights based
on their respective catchment areas, ensuring that the computed average precipitation
accurately reflects the spatial distribution of rainfall. The Thiessen polygon weights for
each station are illustrated in Figure 2. The average daily precipitation of the Kathmandu
Valley was calculated using the following equation [38]:

P = PyWy + PyWs + P3Ws + ... + P, W, 1)

where Py, Py, Ps,. . ., and P, represent the daily precipitation values at the respective stations,
and Wy, Wy, W3,.. ., and W, are the corresponding Thiessen polygon weights. The Thiessen
polygon weights (W) were determined as follows:

Aq Ap Ap o)

T A LA A A,

, Wy = W, =
2T A+ Ayt As.. A, "T AL+ Ay + As ... A,

where A1, Ay, As, ..., and A, denote the areas of the Thiessen polygons corresponding to
each station.

[ ] Rain gauge station
Thiessen_Weight
B oos:

B o077
[ 0.0985
[ XES
[ o101
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B o135\ 355000850000 1300000 1,950,000 2,600,000
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Figure 2. Thiessen polygon of the Kathmandu Valley.
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2.2.2. ENSO Index

This study investigates the influence of tropical SST variations on precipitation pat-
terns, PCI, and extreme precipitation indices. Specifically, SST anomalies in the Nifio
3.4 region (5° N-5° S, 120° W-170° W) were used for analysis [4]. The SST anoma-
lies were obtained from the Nifio 3.4 index based on data from the Extended Recon-
structed Sea Surface Temperature version 5 (ERSST V5) provided by the National Weather
Service Climate Prediction Center, a division of NOAA accessed on 1 January 2025
(https:/ /www.cpc.ncep.noaa.gov/data/indices/) [39]. The Nifio 3.4 index, which has
been widely used in previous studies [4,40-43], is available at a monthly resolution. This
study assessed the relationship between ENSO and extreme precipitation and the PCI on
annual and seasonal timescales from 1980 to 2022.

2.3. Data Analysis
2.3.1. Average Precipitation

This study analyzed the mean monthly precipitation in the Kathmandu Valley from
1980 to 2022. The precipitation dataset was initially processed using the Thiessen polygon
method to account for spatial variability and was further analyzed to calculate the aver-
age precipitation for each month across the study period. The temporal distribution of
precipitation was then visualized using a histogram to illustrate the monthly variations
throughout the year.

2.3.2. Precipitation Trend Analysis (Mann—-Kendall Test)

The Mann-Kendall statistical test, first introduced by Mann (1945) [44], is a widely
used non-parametric method for detecting trends in time series data, particularly in the
fields of hydrology and climatology [12]. One of the key advantages of this test is that
it does not require the data to follow any specific distribution. It assumes that the time
series is independently and identically distributed and is unaffected by serial correlation
over time [24]. The null hypothesis (Hy) of the Mann-Kendall test posits that there is no
trend in the dataset, meaning that the observations are randomly ordered. In contrast, the
alternative hypothesis (H;) indicates a trend within the time series [45].

In this study, the Mann-Kendall test statistic (S) was computed on an annual, seasonal,
and monthly basis using the following equation:

5= 2::11 2?:141 s8N (x]- - ;) 3)

where n is the number of observations, and x; and x; are the data values at time indices i
and j, respectively. The sign function sng(x; — x;) is defined as follows:

+1 lf (x] xi) >0
sng(xj—x;) = ¢ 0if (xj—x;) =0 4)
—1if (xj—x;) <0

For datasets where n > 10, the test statistics S is approximately normally distributed

with a mean of zero [12,24]. The variance of S is calculated as follows:

nn—1)2n+5) -y t(t —1)(2t+5)
18

Var(S) = (5)

where m is the number of tied groups, and t represents the number of tied values in
each group.
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For n > 10, the standardized normal variable Z is computed as follows:

%}(5) ifS>0
Z = 0ifS=0 (6)

S+1
VoS if S<0

A positive Z-value indicates an upward trend in the time series, whereas a negative

Z-value signifies a downward trend. The statistical significance of the identified trend is
evaluated against a predefined significance level.

2.3.3. Trend Magnitude Estimation (Sen’s Slope)

Sen’s slope (3) estimator is a non-parametric method used to quantify the magnitude
of trends in time series data. It is widely employed in hydrology and climatology because
of its robustness against outliers and applicability to data that do not follow a normal
distribution [12]. This method calculates the slope between all possible pairs of data points
and uses the median of these slopes to provide a reliable estimate of the overall trend
magnitude. In this study, Sen’s slope (3) was calculated on an annual, seasonal, and
monthly basis using the following equation:

L X=X
B = median———:+ (7)
where x; and x; are the data values at time steps t; and tj, respectively. A positive value
of 3 indicates an upward trend, whereas a negative value signifies a downward trend in
the dataset.

2.3.4. Extreme Precipitation Indices

Precipitation indices, summarized in Table 1 and recommended by the WMO, were
used to evaluate precipitation characteristics in the Kathmandu Valley. These indices
capture both the intensity and frequency of extreme precipitation events [24,46,47] and
are widely used in hydrological and climatological studies because of their robustness in
representing temporal and spatial variations in precipitation patterns.

This study categorizes precipitation indices into two main types: intensity-based
and frequency-based. Intensity-based indices measure the magnitude of precipitation
events and include the maximum 1-day (RX1day), 3-day (RX3day), 5-day (RX5day), and
7-day (RX7day) precipitation amounts. Threshold-based indices, such as very wet days
(R95pTOT) and extremely wet days (R99pTOT), represent the total precipitation on days
exceeding the 95th and 99th percentile thresholds, respectively. The Simple Daily Intensity
Index (SDII) was also used to estimate the average precipitation on wet days.

Frequency-based indices assess the occurrence of extreme precipitation events, in-
cluding the number of heavy precipitation days as follows: R10 mm, R20 mm, R35 mm,
corresponding to days with precipitation exceeding 10 mm, 20 mm, and 35 mm, respectively.
The longest consecutive dry days (CDDs, defined as precipitation <1 mm) and consecutive
wet days (CWDs, defined as precipitation >1 mm) were also analyzed to evaluate extended
dry and wet periods.

All indices were derived from daily precipitation records from 1980 to 2022 to identify
trends in extreme precipitation events within the study area. To better understand temporal
changes, trends were analyzed for the entire study period (1980-2022) and separately for
two decades (1980-2001 and 2002-2022) using the Pettitt test, providing a clearer view of
recent climate trends.
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Table 1. Extreme precipitation indices.

Precipitation Indices Abbreviation Unit Description
Maximum 1-day precipitation amount RX1day mm Intensity of precipitation
Maximum 3-day precipitation amount RX3day mm Intensity of precipitation
Maximum 5-day precipitation amount RX5day mm Intensity of precipitation
Maximum 7-day precipitation amount RX7day mm Intensity of precipitation

Total precipitation on days exceeding the . e
95th percentile (very wet days) R95pTOT mm Intensity of precipitation
Total precipitation on days exceeding the . .
99th percentile (extremely wet days) R99pTOT mm Intensity of precipitation
Count of days with precipitation > 10 mm o
(heavy precipitation days) R10 mm days Frequency of precipitation
Count of days with precipitation > 20 mm o
(very heavy precipitation days) R20 mm days Frequency of precipitation
Count of days with precipitation > 35 mm o
(extreme precipitation days) R35 mm days Frequency of precipitation
Maximum number of consecutive dry days o
(precipitation < 1 mm) CDDs days Frequency of precipitation
Maximum number of consecutive wet days o
(precipitation > 1 mm) CWDs days Frequency of precipitation
Simple Daily Intensity Index SDII mm/day Intensity of precipitation

(SDII)—average precipitation on wet days

2.3.5. Precipitation Concentration Index (PCI)

The PCI, introduced by Oliver (1980) [48], is widely used to assess the temporal
distribution of precipitation across the 12 months of the year. It serves as a vital tool for
evaluating the uniformity of irregularity of precipitation on both seasonal and annual scales,
ranging from evenly distributed precipitation to highly irregular precipitation patterns [49],
according to Table 2 thresholds. Variability in precipitation concentration significantly
influences hydrological hazards such as floods, droughts, landslides, and soil erosion,
as it reflects imbalances in precipitation distribution throughout the year [50]. In recent
years, the PCI has gained increasing recognition in hydrological research for its ability to
characterize precipitation variability [51,52]. In this study, the PCI was determined on both
an annual and seasonal basis for 1980-2022 [4]. Daily average precipitation, estimated using
the Thiessen polygon method, was aggregated into monthly totals for the Kathmandu
Valley. The monthly precipitation values were then used to calculate the PCI using the
following equations [4]:

12 p2
PCI (yearly) = D= RN (8)
o ():‘121 P;)?
1= 1
n . p?
PCI (Season) = ﬁ (% x 100) )
1= 1

where P; represents the monthly precipitation for each month within the season, i repre-
sents the specific month, and #n denotes the number of months within the season under
consideration. The PCI values were converted to percentages by multiplying the results by
100 in both equations.
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Table 2. Precipitation concentration threshold index.

PCI Threshold Description
<10 Uniform
11-15 Moderate
16-20 Irregular
>20 Strongly irregular

3. Results
3.1. Monthly Average Precipitation

Figure 3 presents the monthly average precipitation in the Kathmandu Valley from
1980 to 2022, revealing a clear seasonal pattern. The highest rainfall is recorded in July
(425 mm), followed by August (375 mm), while June and September receive between
220 mm and 245 mm. In contrast, the driest months are January, February, March, Novem-
ber, and December, with precipitation levels below 50 mm. April, May, and October receive
moderate rainfall ranging from 50 mm to 135 mm. The data show that approximately 80%
of the total annual precipitation occurs during the monsoon months of June, July, August,
and September, with the remaining 20% distributed across the other eight months. This
highlights the region’s pronounced dependence on seasonal rainfall.

400 -

N w w

wm o (9]

o o o
! ! !

200 -

150 +

Precipitation (mm)

100 -

50

Figure 3. Monthly average precipitation in Kathmandu Valley from 1980 to 2022.

3.2. Precipitation Trends and Variability

Table 3 presents the results of the Mann-Kendall trend analysis for precipitation
at monthly, seasonal, and annual scales, focusing on statistically significant trends.
The seasonal classifications used in this study are winter (December—February), spring
(March-May), summer (Monsoon) (June-August), and autumn (September—-November).
Among all the periods analyzed, only November, December, and the spring season ex-
hibit statistically significant precipitation trends at the 0.05 significance level (p < 0.05).
Specifically, November shows a declining trend of —0.035 mm/year (p = 0.03), Decem-
ber demonstrates a declining trend of —0.031 mm/year (p = 0.02), and spring shows an
increasing trend of 1.17 mm/yr (p = 0.04). These significant downward trends suggest
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an increase in aridity during the late autumn and early winter months, which may have
implications for water availability in the dry season, whereas the spring season shows more
water availability. For the remaining months and seasons and the annual scale, although
positive or negative slopes were observed, the associated p-values exceed 0.05, indicating no
statistically significant trends. In other time intervals, the precipitation is highly fluctuating.

Table 3. Results of the Mann-Kendall test for precipitation trends in the time series (1980-2022).

Period Min Max Mean SD cv Mann-Kendall Mann-Kendall Sen’s Slope Trend
(mm) (mm) (mm) (mm) (%) Z-Value p-Value (mm/year)
January 0 70.2 14.4 17.6 121.8 -0.18 0.86 —0.006 NS
February 0 83.7 224 21.0 93.8 0.54 0.59 0.106 NS
March 0.2 98.6 31.0 24.0 774 0.12 091 0.024 NS
April 22 136.4 58.2 34.0 58.4 0.95 0.13 0.361 NS
May 44.2 251.2 132.6 50.3 37.9 0.37 0.17 0.211 NS
June 90.4 559.6 242.7 97.5 40.2 -0.32 0.75 —0.419 NS
July 247.2 621.6 413.2 95.2 23.0 0.14 0.89 0.226 NS
August 260.1 567.1 375.3 67.2 17.9 —1.37 0.17 —0.866 NS
September 103.4 430.4 218.4 74.8 34.3 —0.03 0.97 —0.016 NS
October 1.3 201.6 51.9 50.8 98.0 0.18 0.86 0.042 NS
November 0 64.2 5.6 11.3 202.5 —2.24 0.03 —0.035 1
December 0 78.6 114 19.3 168.4 —-2.39 0.02 —0.031 N
Winter 0.2 143.1 48.3 32.7 67.7 —0.16 0.88 —0.088 NS
Summer 703.3 1386.9 1031.2 166.0 16.1 —0.83 0.41 —1.661 NS
Spring 104.5 368.7 221.8 67.9 30.6 1.37 0.04 1.174 T
Autumn 119.2 567.8 275.8 92.9 33.7 -0.12 091 -0.125 NS
Annual 1155.7 2061.6 15771 224.7 14.2 —0.45 0.65 —0.806 NS

NS = not significant; 1 = increasing trend; | = decreasing trend.

Figure 4 illustrates the annual and seasonal precipitation variations in the Kathmandu
Valley from 1980 to 2022, showing substantial fluctuations over time. The highest an-
nual precipitation was recorded in 2002 (2061.6 mm), while the lowest occurred in 2009
(1155.7 mm). As summarized in Table 3, the mean annual precipitation is 1577.1 mm with a
coefficient of variation (CV) of 14.2%, indicating relatively low variability. The standard
deviation is 224.7 mm from the mean. Among the seasons, the summer (monsoon) sea-
son exhibits the greatest variability in precipitation, with values ranging from 703 mm to
1386.8 mm. Peak summer rainfall occurred in 2002, followed by 1995 (1325 mm) and 2003
(1300 mm). The average precipitation during this season is 1031 mm, with a standard devi-
ation of 166 mm and a CV of 16.1%. The autumn season is the second-largest contributor to
annual precipitation, with values ranging between 199.2 mm and 567.8 mm, an average of
275.8 mm, and a standard deviation of 92.9 mm. The highest autumn precipitation occurred
in 1985, followed by 2007. Spring precipitation shows an increasing trend, peaking at
368.7 mm in 2002, followed by 350 mm in 2011. The minimum recorded value is 104.5 mm,
with an average of 221.8 mm and a standard deviation of 67.9 mm. Winter contributes the
least to annual precipitation, with near-zero precipitation in several years. The highest
winter precipitation was recorded in 1997 (143.1 mm), highlighting its minimal contribution
to the region’s overall water availability.
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Figure 4. Seasonal and annual precipitation trends in the Kathmandu Valley from 1980 to 2022 with
dotted trend line slopes: blue (annual, —1.14), green (summer, —1.68), purple (autumn, —0.79), red
(spring, 1.28), and yellow (winter, 0.05) mm/year.

3.3. Temporal Patterns of Extreme Precipitation Indices

Extreme precipitation indices are categorized into various groups, each capturing
different characteristics of extreme precipitation events. High-intensity indices include
maximum precipitation over specific durations: one day (RX1day), three days (RX3day),
five days (RX5day), and seven days (RX7day). Percentile-based indices capture extreme
precipitation events based on statistical thresholds, including R95pTOT (precipitation ex-
ceeding the 95th percentile) and R99pTOT (precipitation exceeding the 99th percentile).
Frequency-based indices measure the number of days with heavy rainfall, including R10mm
(days with precipitation > 10 mm), R20mm (days with precipitation > 20 mm), and R35mm
(days with precipitation > 35 mm). Dry and wet spell indices quantify the duration of
extreme conditions: consecutive dry days (CDDs) reflect extended dry periods (precip-
itation < 1 mm), while consecutive wet days (CWDs) indicate sustained wet conditions
(precipitation > 1 mm). Finally, the Simple Daily Intensity Index (SDII) represents the
average precipitation on wet days, thereby providing insights into the overall intensity of
precipitation events throughout the year.

3.3.1. High-Intensity Precipitation Indices
Maximum 1-Day (RX1day), 3-Day (RX3day), 5-Day (RX5day), and 7-Day
(RX7day) Precipitation

Figure 5 illustrates the temporal patterns of maximum precipitation over different
durations—RX1day, RX3day, RX5day, and RX7day—from 1980 to 2022. Each subplot
presents observed data along with trend lines for the entire study period (1980-2022)
and two sub-periods (1980-2002 and 2003-2022), allowing for a comparative analysis of
decadal changes. Over the full period, RX1day, RX3day, and RX5day exhibit no significant
increasing or decreasing trend (Table 4), while RX7day shows a slightly increasing trend
of 0.1 mm/year. A similar type of fluctuation is seen in the decadal analysis for RX1day,
RX3day, and RX5day, but an increasing trend of precipitation in RX7day is significant in
both decadal time intervals (Table 5). In 2002, the maximum precipitation values ranged
from 178 mm to 346 mm across all indices. RX1day precipitation increased sharply between
1982 and 1987 but declined significantly during 1988-1989. A similar pattern is evident
for RX3day, which experienced a slight decline in 1985. RX5day and RX7day increased
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between 1982 and 1986, followed by a sharp decline from 1987 to 1999. From 1989 to 2001,
all indices experienced considerable interannual fluctuations, peaking in 2002.
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Figure 5. Time series of maximume-intensity precipitation.
Table 4. Results of the Mann-Kendall statistical test for extreme precipitation in the time series
(1980-2022).
Precipitation Indices =~ Mean (mm) SD (mm) CV (%) Mann-Kendall = Mann-Kendall Sen’s Slope
Z-Value p-Value (mm/year)
RX1day 61.27 17.31 27.92 —0.06 0.60 -0.17
RX3day 113.56 26.16 22.76 —0.08 0.47 —0.26
RX5day 148.73 29.01 19.27 0.01 0.96 —0.04
RX7day 180.45 38.32 20.98 0.05 0.03 % 0.08
R95pTOT 586.83 173.51 29.21 —0.08 0.44 —2.00
R99pTOT 182.63 118.09 63.89 —0.16 0.03 * -1.96
R10mm 54.74 9.00 16.25 0.03 0.75 —0.03
R20mm 20.45 4.82 23.28 —-0.01 0.95 —-0.01
R35mm 517 2.62 50.14 —0.18 0.05* —0.05
CDDs 73.81 24.92 33.36 0.24 0.02* 0.69
CWDs 41.31 16.10 38.51 0.01 0.90 0.09
PRCPTOT 1550.62 215.38 13.72 —0.05 0.67 -1.12
SDII 10.19 1.08 10.51 -0.17 0.11 —0.02
PCl—autumn 17.72 3.64 20.32 0.04 0.68 0.02
PCl—spring 12.66 3.51 27.38 0.02 0.86 0.01
PCl—summer 9.07 0.66 7.24 —0.01 0.92 0.00
PCl—winter 16.15 5.11 31.28 0.23 0.03 * 0.14
PCl—annual 18.98 1.53 7.95 —0.07 0.50 —0.02

Note: * = statistically significant at 5% significance level.
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Table 5. Results of the Mann-Kendall statistical test for extreme precipitation in the time series
(19802002 and 2003 to 2022).

1980-2002 2003-2022
ey Mann- Mann- Sen'’s Mann— Mann- ,
Prtlectipltatlon Mean SD (E/V Kendall  Kendall Slope Mean SD CO/V Kendall Kendall Sen s/Slope
ndices mm)  (mm) (%) Z-Value  p-Value (mm/year) (mm)  (mm) (%) Z-Value p-Value (mm/year)
RX1lday 64.56  18.66  28.20 0.09 0.61 0.31 5799  15.62 2628 0.12 0.46 0.49
RX3day 11921 2454  20.09 0.08 0.65 0.62 10791  27.09  24.50 0.13 0.42 0.80
RX5day 15353 31.63 20.10 0.20 0.22 1.56 14393 2601 17.64 0.17 0.29 0.91
RX7day 186.92 4197 2191 0.33 0.04* 348 17397 3407 19.11 0.24 0.05* 1.76
RO5pTOT 62516 18936  29.56 0.14 0.03* 5.07 548.49 15091 26.85 0.10 0.57 4.45
R99pTOT 213.62 113.67 51.93 0.08 0.65 2.21 15164 116.84 75.19 0.04 0.79 -2.5
R10mm 56.10 8.97  15.60 0.20 0.20 0.50 53.38 9.05 16.54 0.18 0.26 0.40
R20mm 21.14 534  24.65 0.17 0.29 0.25 19.76 425  21.00 0.16 0.33 0.17
R35mm 6.00 263 4272 0.04 0.81 0.00 4.33 239 5392 0.09 0.58 0.00
CDDs 6752 2320 33.54 0.27 0.09 ** 1.43 80.10 25,53 31.11 0.22 0.04* 1.00
CWDs 3990 1618  39.56 —0.14 0.38 —0.30 42.71 16.30 3724 —0.02 0.90 0.00
PRCPTOT  1581.39 210.72 13.00 0.07 0.70 243 1519.86 220.69 14.17 0.12 0.46 6.17
SDIL 10.56 1.20 11.11 0.21 0.20 0.07 9.81 082 818 —0.08 0.65 —0.02

(a) Total precipitation of days in > 95™ percentile

Note: * = statistically significant at 5% significance level; ** = statistically significant at 10% significance level.

Total Precipitation in R95pTOT and R99pTOT

Figure 6 presents the temporal variation in the total precipitation associated with
extreme rainfall days, with subplot (a) representing days exceeding the 95th percentile
(R95pTOT) and subplot (b) those exceeding the 99th percentile (R99pTOT), covering the
period from 1980 to 2022. Trend lines are included for the entire study period as well
as for two decadal intervals to assess long-term and short-term patterns. Over the full
study period, both indices exhibit highly fluctuating precipitation, with a decreasing
trend of R99pTOT at 1.9 mm/year being significant (Table 4). However, the decadal
analysis reveals a more nuanced picture. From 1980 to 2002, R95pTOT shows a trend of
precipitation increasing by 5.24 mm/year (Table 5), while for 20032022 both indices show
highly fluctuating precipitation over the study period. For R95pTOT, the total precipitation
increased sharply from 334 mm in 1981 to a peak of 1080 mm in 1985, followed by a rapid
decrease to 293 mm in 1989 and 299.9 mm in 1991. The index then fluctuated, reaching a
secondary peak of 1017 mm in 2002. After 2002, RO5pTOT remained relatively stable, with a
slight initial decline until 2005, followed by intermittent fluctuations with 705 mm recorded
in 2022. In the case of R99pTOT, precipitation initially declined for three consecutive
years before rising from 41.7 mm in 1982 to 357 mm in 1985. Between 1985 and 2001, the
values fluctuated significantly, ranging from 40 mm to 382 mm and peaking at 544 mm
in 2002. A continuous decline was observed for the next four years, reaching 39 mm in
2006. From 2006 to 2022, the index exhibited extreme variability, fluctuating between 0 mm
and 309 mm.

(b} Total precipitation of days in > 99 pereentile
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Figure 6. Time series of 95th and 99th percentile precipitation.
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3.3.2. Precipitation Days at Different Thresholds

This study evaluates precipitation days based on three intensity thresholds: >10 mm

(heavy precipitation days), >20 mm (very heavy precipitation days), and >35 mm (extreme

precipitation days), as illustrated in Figure 7. Over the entire study period (1980-2022),

the number of precipitation days shows a decreasing trend (—0.05 days/year) for extreme

precipitation with precipitation > 35 mm (Table 4), whereas for heavy and very heavy pre-

cipitation, an increasing or decreasing trend is not significant. Precipitation days > 10 mm

exhibit high interannual variability, increasing steadily through the early 1980s and peaking

around 2002, followed by fluctuating patterns in subsequent years. Similarly, precipitation

days > 20 mm show pronounced fluctuations, with peaks in 1958 and in 2002, followed by

a period of relative stabilization. In contrast, precipitation days > 35 mm remain relatively

low throughout the study period in both decadal analyses.
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Figure 7. Precipitation days under different precipitation thresholds.

3.3.3. Annual Maximum Consecutive Wet and Dry Days

Figure 8 shows the trends in CWDs and CDDs. As shown in Figure 8a, CWDs display
an overall fluctuation with no significant increasing trend. In contrast, Figure 8b shows a

more pronounced increasing trend in CDDs at 0.69 days/year, indicating a notable rise in

the duration of dry spells over the study period (Table 4). Decadal analysis reveals further

details: between 1980 and 2002, consecutive wet days’ increased trend is not significant,

while consecutive dry days rose more sharply at 1.27 days/year with a 9% significant level
with a continue rising trend at 0.708 days/year for 2003-2022 (Table 5) with a 4% significant
level. Interannual variability is notable for both indices, with peaks in CWDs observed in

the late 1990s and early 2000s, followed by fluctuations in subsequent years. Conversely,

CDDs show a more consistent and pronounced upward trend, with peak values occurring

more frequently after 2000, indicating an overall increase in prolonged dry periods across
the Kathmandu Valley.
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Figure 8. Annual consecutive wet and day days [(a) wet days (b) dry days].

3.3.4. Average Precipitation on Wet Days

Figure 9 illustrates the temporal variation in the average precipitation on wet days,
showing an overall fluctuation over the study period (1980-2022). The decadal analysis
also reveals no significant increasing or decreasing trend. Initially, the average precipitation
increased from 8.5 mm in 1981 to a peak of 12.9 mm before declining to 8.4 mm in 1989.
Following this decline, values fluctuated annually, reaching a maximum of 13 mm in
2002. Thereafter, a continuous decline was observed over the next three years, followed
by a period of relative stability. From 2005 to 2022, the average precipitation on wet
days remained within the range of 8.5-11.1 mm, with noticeable interannual variability
throughout the period.
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Figure 9. Wet-day average precipitation from 1980 to 2022.

3.4. Precipitation Concentration Index

Figure 10 presents the PCI for the Kathmandu Valley from 1980 to 2022, analyzed on
both seasonal and annual scales.
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Figure 10. Time series of annual and seasonal precipitation concentration index.

The results show an increasing trend in the PCI during winter at a rate of 1.4 per decade
with a 5% significant level (Table 4), whereas for autumn, spring, summer, and annual,
there is no significant increasing or decreasing trend that exists. The average PCI values for
the annual, autumn, and winter seasons are 18.98, 17.7, and 16.1, respectively, indicating
irregular precipitation during these periods. In contrast, the average PCI values for summer
and spring are 9 and 12.7, respectively, suggesting uniform and moderately concentrated
precipitation during these seasons. In autumn, 17 years fall under the “irregular rainfall”
category, while 13 years are classified as “strongly irregular.” During spring, most years
(22) exhibit moderate rainfall concentrations, with 10 years exhibiting uniform distribution,
9 years classified as irregular, and 2 years classified as very irregular. For winter, 17 years
fall into the moderate category, whereas 11 years are strongly irregular, including 3 years in
which the PCI exceeded 25—indicating that most precipitation during those years occurred
within approximately one-third of the season. Although spring generally maintains a more
uniform rainfall distribution over time, the annual PCI analysis reveals that only 6 years
experienced strongly irregular precipitation, whereas the remaining years indicate irregular
rainfall distribution across the Kathmandu Valley.

3.5. Mann—Kendall Trend Analysis of Extreme Precipitation for 1980-2022 with Decadal
Segmentation (1980-2002 and 2003-2022)

Table 4 presents the results of the Mann-Kendall trend analysis for extreme precipita-
tion indices and the PCI. The analysis reveals that the trends for RX7day, R99pTOT, R35mm,
and CDDs are statistically significant at the 5% significance level (p < 0.05), indicating
notable changes in these extreme precipitation characteristics over time. Additionally, the
PCI for winter exhibits a significant increasing trend, suggesting a shift toward more un-
even precipitation distribution during this season. In contrast, the trends for the remaining
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Correlation Coefficient

precipitation indices and seasonal/annual PCI are not statistically significant (p > 0.05),
implying that no consistent long-term trends were detected for these variables during the
study period. Similarly, Table 5 depicts the results of the Mann-Kendall statistical test
for extreme precipitation indices over the periods 1980-2002 and 2003-2022. The analysis
reveals a significant increasing trend in RX7day precipitation, with Sen’s slope values of
3.48 for 1980-2002 and 1.76 for 2003-2022, both significant at the 5% level. Additionally,
R95pTOT shows a significant upward trend during 1980-2002, with a Sen’s slope of 5.07
at the 5% significance level. The results also indicate a significant increase in consecutive
dry days (CDDs) for 2003-2022, with a Sen’s slope of 1.00 at the 5% level, while a similar
increasing trend in CDDs is observed for 1980-2002 with a Sen’s slope of 1.43, significant
at the 10% level. For the remaining precipitation indices, although some trends are either
increasing or decreasing, these are not statistically significant at the 10% level.

3.6. Influence of ENSO on Precipitation

The Nifio 3.4 index exhibits both positive and negative correlations with precipitation
indices in the Kathmandu Valley, Nepal. A negative correlation indicates that regional
precipitation tends to be lower than average during warm anomaly phases in the eastern
tropical Pacific (El Nifio events). Figure 11 presents the correlation coefficients between var-
ious precipitation indices, the PCI, and the Nifio 3.4 index, along with their corresponding
levels of statistical significance. Total annual precipitation shows a negative correlation of
—0.25 with the Nifo 3.4 index, which is significant at the 0.1 level. Similarly, the R10mm
index demonstrates a stronger negative correlation of —0.35, significant at the 0.05 level,
while the R20mm index shows a negative correlation of —0.21, significant at the 0.1 level.
The CWDs are also negatively correlated with Nifio 3.4 (—0.32), with significance at the
0.05 level. For seasonal variability, the spring PCI exhibits a significant negative correlation
of —0.35 with Nifio 3.4 at the 0.05 level. In contrast, the annual PCI shows a positive
correlation of 0.25, which is significant at the 0.1 level. Additionally, RX1day exhibits a
positive correlation of 0.24, which is significant at the 0.1 level.
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Figure 11. Correlation between the Nino 3.4 index and precipitation indices.
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4. Discussion

Rapid urbanization and reduced infiltration areas in the Kathmandu Valley have
heightened the impact of even minor precipitation events, resulting in frequent waterlog-
ging and flooding. These occurrences routinely disrupt traffic, affect pedestrians, and cause
property damage and loss of life. This study investigated extreme precipitation in terms
of intensity, frequency, and variability using a suite of precipitation indices recommended
by the WMO and supported by previous research [53-60]. The Mann—Kendall statistical
test and Sen’s slope estimator were applied to the precipitation data from 1980 to 2022 to
assess trends.

Monthly precipitation analysis reveals that most of the annual rainfall is concentrated
between June and September, with July (425 mm) and August (375 mm) having the highest
totals. This pronounced seasonality is largely driven by the Indian summer monsoon,
which transports moisture-laden southeasterly winds from the Bay of Bengal [61]. Long-
term precipitation trends indicate a slight decline in winter, summer, autumn, and annual
precipitation totals, while spring precipitation exhibits an increasing trend of 1.17 mm/year.
Notably, July shows a marginal upward trend of 0.2 mm/year, reinforcing its role as the
wettest month and a key contributor to flood risk in the Kathmandu Valley. During the
wettest months (July and August), minimum precipitation levels range from 247 mm to
260 mm, while the maximum values range from 567 mm to 621 mm. This wide range
significantly increases the potential for flooding. These findings are consistent with those
of Prajapati and Talchabhadel et al. (2021) and Dhital and Kayastha (2013) [33,62], who
identified July and August as the peak flood months. Similarly, Pradhan-Salike and Raj
Pokharel (2017) [63] attributed pluvial flooding in the valley to intense, short-duration
rainfall events.

Extreme precipitation analysis from 1980 to 2022 reveals an overall increasing trend
in RX7day by 0.1 mm/year. However, the decadal analysis (1980-2001 and 2002-2022)
indicates sharp fluctuations in extreme precipitation across the RX1day, RX3days, and
RX5days indices with an increasing trend for RX7days precipitation being significant. Simi-
lar patterns of fluctuations of precipitation are observed for the percentile-based indices
RI5pTOT and R99pTOT for decadal analysis, whereas a decreasing trend of R99pTOT is
significantly observed for 1980 to 2022. These findings suggest that short-duration precipi-
tation demonstrates inconsistency and long-term precipitation shows a slightly increasing
trend, which are both partially contradictory to the findings of Luo et al. (2024) [24], who
reported a long-term decline in extreme precipitation with highly fluctuation events over
Nepal due to the weakening of the South Asian Monsoon circulation, followed by a post-
2003 shift toward increasing extreme precipitation, particularly in western Nepal. This
trend aligns with broader regional patterns, including a threefold increase in widespread
extreme rainfall events over central India between 1950 and 2015, contributing to more
frequent flash floods and significant socioeconomic losses [64]. In 2002, Nepal faced an
anomalous monsoon with extreme rainfall in the east and center and drought in the west.
On 23 July 2002, Kathmandu recorded its highest 24 h rainfall in 14 years (177.0 mm), with
nearby areas like Khokana (300.1 mm) and Thankot (249.2 mm) also experiencing record
rain. This caused severe flooding and disruptions in the Kathmandu Valley [65].

In the Kathmandu Valley, the number of precipitation days at all thresholds
(=35 mm) declined between 1980 and 2022. Despite this decline, the RX7day in-
dex exhibited an increasing trend, suggesting more intense rainfall events over fewer
days—intensifying flood risk. Although consecutive wet days (CDDs) showed a slight
increase, the average precipitation on wet days declined, indicating a shift toward more
extreme precipitation events without a corresponding increase in total rainfall volume.
These trends are further supported by Luo et al. (2024) [24], who observed a decrease in
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moderate rainfall days (R10 mm, R20 mm) and increased extreme precipitation variability.
The severe flooding events of September 2024, which brought 239.7 mm of rainfall in just
24 h and resulted in over 200 fatalities and widespread displacement [66], underscore the
urgent need for adaptive infrastructure and enhanced disaster preparedness strategies in
the Kathmandu Valley.

The PCI analysis reveals an annual PCI value of 18.9, indicating an overall irregular
precipitation distribution. This finding aligns with the results of Lamichhane et al. (2024) [4],
who reported PCI values across Nepal ranging from 14.06 (moderate) to 25.34 (strongly
irregular), with increasing precipitation irregularity particularly evident in lowland regions.
While their national analysis identified an increasing PCI trend of 0.53 per decade, the
Kathmandu Valley exhibited an increasing trend of the PCI by 1.4 per decade in the winter
season. A similar type of increasing PCI value has been observed in China [67] and
India [68], where precipitation irregularity has been attributed to climate variability and
shifts in monsoon dynamics. Similarly, Rahman and Islam (2019) [69] reported PCI values
ranging from 0.57 to 0.632 in Bangladesh, indicating slightly higher precipitation variability
than in Nepal.

The influence of ENSO on precipitation patterns across the Asia—Pacific region, includ-
ing Nepal, is well established [2,70-73]. Several studies [4,74,75] confirm that during El
Nifo events, the westward shift of the Pacific warm pool toward the central and eastern Pa-
cific results in the weakening of the Walker circulation and trade winds, along with reduced
oceanic upwelling. These processes amplify positive SST anomalies in the eastern Pacific,
disrupt global precipitation patterns, and weaken the summer monsoon. Concurrently,
the western Pacific cools due to diminished convection, while the Indian Ocean warms
as a delayed response through atmospheric teleconnections—independent of the Indian
Ocean Dipole (IOD) [40]. In this study, annual precipitation, extreme precipitation indices,
and overall precipitation variability in the Kathmandu Valley were negatively correlated
with the Nifio 3.4 index, consistent with the findings of Lamichhane et al. (2024) [4,24] and
Luo et al. (2024) [4,24]. However, positive correlations were observed for the annual PCI
(0.25), the summer PCI (0.36), and 1-day maximum precipitation (RX1day, 0.24), suggest-
ing that ENSO influences not only the total precipitation amounts but also the temporal
concentration and the occurrence of high-intensity, short-duration events.

5. Conclusions

This study investigates precipitation patterns in the Kathmandu Valley using observed
data from 1980 to 2022, with a focus on trends in precipitation intensity, frequency, and
concentration at both annual and seasonal scales. By applying the PCI and a set of ex-
treme precipitation indices, this study also assesses the influence of the El Nifio-Southern
Oscillation (ENSO) on extreme precipitation events in the region.

The results indicate a slight overall increase in long-term precipitation across the
Kathmandu Valley with inconsistent short-term precipitation. The spring precipitation
exhibits an increasing trend of 1.17 mm per year, with November and December exhibiting
an upward trend. The remaining months and seasons show high-fluctuation short-term
precipitation contributing to heightened flood risks. The analysis of extreme precipitation
indices reveals sharp inconsistency in RX1day, RX3day, and RX5day from 1980 to 2022,
while RX7day exhibits a slight increase of 0.1 mm/year. Similarly, decadal analysis reveals
a fluctuation trend across all extreme precipitation indices, including R95pTOT, which
emphasizes the growing risk of pluvial and fluvial flooding in the valley. The annual precip-
itation patterns in the Kathmandu Valley are highly irregular, particularly during autumn
and winter, whereas summer precipitation remains relatively evenly distributed. ENSO
analysis indicates a negative correlation with annual precipitation, extreme precipitation
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indices, and overall precipitation variability, while showing a positive correlation with
the annual and summer PCI and 1-day maximum precipitation (RX1day). ENSO analysis
indicates a negative correlation with annual precipitation, extreme precipitation indices,
and overall precipitation variability, while showing a positive correlation with the annual
and summer PCI and 1-day maximum precipitation (RX1day). Although some of these
correlations are statistically significant, they align with established climatic mechanisms.
Previous studies demonstrate that El Nifio events typically weaken monsoon circulation
and reduce moisture transport across Nepal, leading to below-normal rainfall [4,24]. In
contrast, La Nifia phases enhance moisture influx, often resulting in above-normal rain-
fall. These mechanisms support the observed variability in precipitation patterns in the
Kathmandu Valley, though the influence of ENSO is controlled by local topography and
regional atmospheric conditions.

Although this study is limited to a single geographic region with a restricted number of
observation stations, its findings are applicable to other areas with similar topographic and
climatic conditions throughout the Himalayan region. Future research should incorporate
additional climatic variables—such as temperature, humidity, and wind speed—alongside
global climate model (GCM) data to improve projections of future precipitation trends and
their hydrological implications.
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Abstract: Understanding historical climatic extremes and variability is crucial for effective
climate change adaptation, particularly for urban flood management in developing coun-
tries. This study investigates historical precipitation trends in the Kathmandu Valley, Nepal,
focusing on precipitation frequency, intensity, and the influence of the El Nifio-Southern
Oscillation (ENSO), using extreme precipitation indices and the precipitation concentration
index (PCI). The results reveal sharply fluctuating short-term precipitation from 1980 to
2022, with the exception of an increasing trend during spring (1.17 mm/year) and a decreas-
ing trend in November and December. Trends in extreme precipitation indices are mixed:
RX7day shows an increasing trend of 0.1 mm/year, with decadal analysis (1980-2001 and
2002-2022) indicating similar upward patterns. In contrast, RX1day, RX3day, RX5day, and
RI5pTOT exhibit inconsistent trends, while RO9pTOT demonstrates a decreasing trend
over the full period (1980-2022). Although the number of days with precipitation > 35 mm
has declined, the increasing trend in 7-day maximum precipitation, coupled with no signif-
icant change in total annual precipitation and highly variable short-term rainfall, points
to a rising risk of unexpected extreme precipitation events. Precipitation patterns in the
Kathmandu Valley remain highly irregular across seasons, except during summer. ENSO
exhibits a negative correlation with annual precipitation, extreme precipitation indices, and
the PCI but shows a positive correlation with the annual and summer PCI as well as 1-day
maximum precipitation, emphasizing its significant influence on precipitation variability.
These findings highlight the urgent need for targeted climate adaptation strategies and pro-
vide valuable insights for hydrologists, meteorologists, policymakers, and urban planners
to enhance climate resilience and improve flood management in the Kathmandu Valley.

Keywords: climate change; extreme events; flood disaster; Kathmandu; precipitation
indices; precipitation concentration index; Nepal

1. Introduction

Climate change is reshaping precipitation patterns at local, regional, and global scales,
with significant consequences for hydrological cycles and extreme weather events [1].
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The rapid rise in global average temperatures has increased atmospheric water vapor
concentrations, thereby intensifying extreme precipitation events [2]. As a key component
of the Earth’s hydrological cycle, precipitation is experiencing dynamic transformations
under the influence of global warming, resulting in notable changes in its frequency,
intensity, and spatial distribution [3]. The acceleration of climate change further amplifies
hydrometeorological disasters such as floods, droughts, and landslides [4]. South Asia, in
particular, is among the world’s most disaster-prone regions, witnessing an overall rise
in extreme precipitation with spatially heterogeneous patterns [5]. Nepal is especially
vulnerable, ranking fourth globally as the most climate hazard-prone country [6].

Numerous studies have explored precipitation patterns using both observed and
projected datasets and applied various analytical approaches globally. Sun et al. (2021) [7]
investigated extreme precipitation trends at global, continental, and regional scales using
the one-day maximum (RX1day) and five-day maximum (RX5day) precipitation indices.
Their results show that nearly two-thirds of global observation stations exhibit signifi-
cant upward trends in extreme precipitation, particularly across Asia, Europe, and North
America, with pronounced increases in regions such as central and eastern North America,
northern Central America, northern Europe, the Russian Far East, eastern Central Asia, and
East Asia. Similarly, Donat (2016) [8] examined total and extreme precipitation variations in
wet and dry regions using both observational data and global climate model outputs. The
study found that precipitation has historically increased in wet regions and is likely to con-
tinue rising, whereas dry regions may experience a sharp increase in extreme precipitation
events by the late 21st century. Additionally, Papalexiou and Montanari (2019) [9] analyzed
global precipitation trends from 1964 to 2013 and concluded that both the intensity and
frequency of precipitation increased significantly over this period.

While global studies highlight broad trends, local investigations reveal more heteroge-
neous patterns. Safdar et al. (2023) [10] analyzed precipitation trends in Pakistan during
the winter and pre-monsoon seasons from 2008 to 2018, reporting a decline in winter pre-
cipitation and a reduction in rainy days for both seasons. Similarly, Aditya et al. (2021) [11]
employed the Mann-Kendall test and Sen’s slope estimator to examine rainfall variability
in West Kalimantan, Indonesia. Their findings indicate a declining annual precipitation
trend in the Mempawah region, while the Kubu Raya region exhibited an increasing an-
nual precipitation trend between 2000 and 2019. The study further identified a significant
precipitation decrease of —33.2 mm/year in Sungai Kunyit, suggesting a potentially drier
future for the area. A comparable downward trend was observed in India’s Thoubal River
watershed, where precipitation declined by 10.3 mm/year, accompanied by considerable
variability [12]. Another study on India’s precipitation patterns, with ref. [13] analyzing
data from 2001 to 2018, reported decreasing precipitation in the Indo-Gangetic Plain and
in Northeast India due to a weakening of the southwesterly moisture flow, while north-
western India experienced an increasing trend. In southern India, precipitation declined
because of a northward shift in sinking air masses over the equatorial region. In Bangladesh,
Jihan et al. (2025) [14] projected an overall increase in precipitation by 480.38 mm, with the
most pronounced rise occurring during storm-prone months.

Situated along the southern slopes of the central Himalayas, Nepal is highly vulnerable
to extreme precipitation events because of its complex topography and dynamic atmo-
spheric interactions. The country’s summer monsoon primarily originates from the Bay of
Bengal, supplemented by mid-latitude cyclonic systems that produce exceptionally heavy
rainfall when interacting with monsoonal flows. Additionally, moisture-laden systems
originating from the Arabian Sea and the Bay of Bengal further contribute to extreme pre-
cipitation, increasing the risk of both pluvial and fluvial flooding [15]. Several studies have
reported a rise in intense daily precipitation trends across Nepal, significantly contributing
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to flash floods in various regions [16-18]. For instance, Chhetri et al. (2020) [19] investigated
flooding in the Banke and Bardiya districts, attributing extreme flood events to overnight
heavy rainfall in central-western Nepal.

Nepal's climate is influenced by both the summer monsoon and westerly circulation
systems. The summer monsoon is driven by southeasterly winds that transport moisture
from the Bay of Bengal, whereas moisture-laden winds from the Mediterranean Sea gov-
ern the westerly circulation. In addition to these large-scale systems, Nepal’s complex
topography is critical in shaping local weather conditions, resulting in substantial spatial
variability in precipitation over short distances [20]. Shrestha et al. (2019) [21] analyzed
precipitation trends in the Koshi and Kaligandaki river basins from 1981 to 2015 and found
that precipitation rapidly decreased with elevation in the Kaligandaki basin, whereas the
Koshi basin displayed the opposite trend. Orographic effects and rain-shadow phenomena
further contribute to distinct spatial and temporal variations in precipitation patterns across
the country [22,23].

Luo et al. (2024) [24] analyzed extreme precipitation trends in Nepal using 11 precipita-
tion indices developed by the World Meteorological Organization’s Expert Team on Climate
Change Detection and Indices (ETCCDI) for the period 1971-2015 based on APHRODITE
data. Their findings indicate an overall decline in extreme precipitation trends, although
the number of maximum consecutive wet days increased at varying rates across west-
ern and eastern Nepal. This study also highlights the significant influence of the South
Asian monsoon on Nepal’s precipitation indices. Similarly, Lamichhane et al. (2024) [4]
employed the PCI to investigate precipitation patterns across Nepal from 1990 to 2020, with
particular attention to the role of El Nifo—Southern Oscillation (ENSO) on PCI variability.
Their results revealed that monthly precipitation in Nepal exhibits moderate to strong ir-
regularity, with lower elevation regions experiencing greater variability than mountainous
areas. Furthermore, annual precipitation trends show an increasing rate of 0.53 mm per
decade, while ENSO-driven variability is notably and inversely correlated with the Nifio
3.4 index across most regions of Nepal.

The Kathmandu Valley, situated in the central Himalayas, is characterized by bowl-
shaped topography and a single drainage outlet at Chovar. Rapid urban expansion has
intensified the impacts of extreme precipitation, resulting in frequent urban flooding [25].
For instance, on 6 September 2021, The Kathmandu Post reported that 121.5 mm of rainfall
caused severe inundation in multiple areas, including Balkhu, Kuleshwor, Narephant,
Balaju, and Mulpani, as well as along major roadways. These extreme precipitation events
often lead to traffic disruptions, casualties, disturbances for pedestrians and school children,
and broader socioeconomic consequences. The severity of such impacts in the Kathmandu
Valley is amplified due to the high population exposure.

Although several hydrometeorological studies have been conducted in the Kathmandu
Valley, most have concentrated on flood mapping rather than long-term precipitation
trends [26-32]. While Prajapati et al. (2021) [33] analyzed precipitation days from 1971 to
2015, their focus was primarily on spatial rainfall distribution and interstation comparisons.
Consequently, a significant research gap remains regarding the historical trends in extreme
precipitation intensity, frequency, and variability, as well as the influence of ENSO on
extreme precipitation events and the PCI in the Kathmandu Valley.

This study addresses these gaps by analyzing extreme precipitation patterns in the
Kathmandu Valley, focusing on frequency, intensity, seasonal and annual variability, and
the influence of ENSO. The Mann-Kendall test and Sen’s slope estimator are employed
to assess precipitation trends from 1980 to 2022 using extreme precipitation indices rec-
ommended by the World Meteorological Organization (WMO) and the PCI. Addition-
ally, this study investigates the effects of ENSO using the Nifio 3.4 index. The findings
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offer valuable insights for hydrologists, urban planners, and policymakers seeking to
improve flood forecasting and disaster preparedness by better understanding historical
precipitation extremes.

2. Materials and Methods
2.1. Study Area

The study area, illustrated in Figure 1, is located in the central Himalayan region of
Nepal and encompasses the capital city, Kathmandu, along with the districts of Bhakta-
pur, Kathmandu, and Lalitpur. Several major rivers, including the Bagmati, Bishnumati,
Manohara, Hanumante, and Dhobikhola, traverse through the Kathmandu Valley. Ge-
ographically, it lies between 27°32/13”-27°49'10" N latitude and 85°11'31"-85°31'38" E
longitude [34]. The Kathmandu Valley covers an area of approximately 664 km?. The
Kathmandu Valley ranges in elevation from 1350 m above sea level (masl) in the lowlands
to nearly 2800 masl in the surrounding hills. The valley is home to roughly 24% of Nepal’s
urban population which is estimated to be 3.3 million and projected to reach 3.8 million by
2031 [30], making it particularly vulnerable to climate-induced hazards, including extreme
precipitation events [35]. The region experiences four distinct seasons—summer, autumn,
spring, and winter—and falls within a subtropical to temperate climate zone. The average
annual precipitation is approximately 1778 mm, most of which occurs between June and
September. The temperature in the valley varies throughout the year, with recorded highs
reaching 23.8 °C and lows dropping to 11.4 °C [36].

12

16

I IKilometers ang other contributors

Rain gauge stations in Kathmandu Valley

Sources: Esri, GEBCO, NOAA, ¢
National Geographic, Garmin, HERE;
Geonames.org, and other contributors,
Esri, Garmin, GEBCO, NOAA NGDC, 0 180,0360,000 720,000 1,080,000 1,440,000
HH F—— F———Kilometers

Figure 1. Study area with rain gauge stations.
2.2. Data Preparation
2.2.1. Observed Station Data

This study used daily observed rainfall data from nine rain gauge stations in the
Kathmandu Valley covering the period from 1980 to 2022. The data were obtained from
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Nepal’s Department of Hydrology and Meteorology (DHM) [37]. Missing values in daily
precipitation data, which accounted for less than 5% of the dataset, were filled in using
data from nearby stations for the corresponding periods.

Given the spatial variability of precipitation across the Kathmandu Valley, it is essential
to estimate the average precipitation in a manner that accounts for the unequal distribution
of stations and the differing areas each station represents. Therefore, the average precipita-
tion across the valley was estimated using the Thiessen polygon method. This approach
delineates the area influenced by each station and assigns station-specific weights based
on their respective catchment areas, ensuring that the computed average precipitation
accurately reflects the spatial distribution of rainfall. The Thiessen polygon weights for
each station are illustrated in Figure 2. The average daily precipitation of the Kathmandu
Valley was calculated using the following equation [38]:

P = PyWy + PyWs + P3Ws + ... + P, W, 1)

where Py, Py, Ps,. . ., and P, represent the daily precipitation values at the respective stations,
and Wy, Wy, W3,.. ., and W, are the corresponding Thiessen polygon weights. The Thiessen
polygon weights (W) were determined as follows:

Aq Ap Ap o)

T A LA A A,

, Wy = W, =
2T A+ Ayt As.. A, "T AL+ Ay + As ... A,

where A1, Ay, As, ..., and A, denote the areas of the Thiessen polygons corresponding to
each station.

[ ] Rain gauge station
Thiessen_Weight
B oos:

B o077
[ 0.0985
[ XES
[ o101
B o100
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B o135\ 355000850000 1300000 1,950,000 2,600,000
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Figure 2. Thiessen polygon of the Kathmandu Valley.
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2.2.2. ENSO Index

This study investigates the influence of tropical SST variations on precipitation pat-
terns, PCI, and extreme precipitation indices. Specifically, SST anomalies in the Nifio
3.4 region (5° N-5° S, 120° W-170° W) were used for analysis [4]. The SST anoma-
lies were obtained from the Nifio 3.4 index based on data from the Extended Recon-
structed Sea Surface Temperature version 5 (ERSST V5) provided by the National Weather
Service Climate Prediction Center, a division of NOAA accessed on 1 January 2025
(https:/ /www.cpc.ncep.noaa.gov/data/indices/) [39]. The Nifio 3.4 index, which has
been widely used in previous studies [4,40-43], is available at a monthly resolution. This
study assessed the relationship between ENSO and extreme precipitation and the PCI on
annual and seasonal timescales from 1980 to 2022.

2.3. Data Analysis
2.3.1. Average Precipitation

This study analyzed the mean monthly precipitation in the Kathmandu Valley from
1980 to 2022. The precipitation dataset was initially processed using the Thiessen polygon
method to account for spatial variability and was further analyzed to calculate the aver-
age precipitation for each month across the study period. The temporal distribution of
precipitation was then visualized using a histogram to illustrate the monthly variations
throughout the year.

2.3.2. Precipitation Trend Analysis (Mann—-Kendall Test)

The Mann-Kendall statistical test, first introduced by Mann (1945) [44], is a widely
used non-parametric method for detecting trends in time series data, particularly in the
fields of hydrology and climatology [12]. One of the key advantages of this test is that
it does not require the data to follow any specific distribution. It assumes that the time
series is independently and identically distributed and is unaffected by serial correlation
over time [24]. The null hypothesis (Hy) of the Mann-Kendall test posits that there is no
trend in the dataset, meaning that the observations are randomly ordered. In contrast, the
alternative hypothesis (H;) indicates a trend within the time series [45].

In this study, the Mann-Kendall test statistic (S) was computed on an annual, seasonal,
and monthly basis using the following equation:

5= 2::11 2?:141 s8N (x]- - ;) 3)

where n is the number of observations, and x; and x; are the data values at time indices i
and j, respectively. The sign function sng(x; — x;) is defined as follows:

+1 lf (x] xi) >0
sng(xj—x;) = ¢ 0if (xj—x;) =0 4)
—1if (xj—x;) <0

For datasets where n > 10, the test statistics S is approximately normally distributed

with a mean of zero [12,24]. The variance of S is calculated as follows:

nn—1)2n+5) -y t(t —1)(2t+5)
18

Var(S) = (5)

where m is the number of tied groups, and t represents the number of tied values in
each group.
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For n > 10, the standardized normal variable Z is computed as follows:

%}(5) ifS>0
Z = 0ifS=0 (6)

S+1
VoS if S<0

A positive Z-value indicates an upward trend in the time series, whereas a negative

Z-value signifies a downward trend. The statistical significance of the identified trend is
evaluated against a predefined significance level.

2.3.3. Trend Magnitude Estimation (Sen’s Slope)

Sen’s slope (3) estimator is a non-parametric method used to quantify the magnitude
of trends in time series data. It is widely employed in hydrology and climatology because
of its robustness against outliers and applicability to data that do not follow a normal
distribution [12]. This method calculates the slope between all possible pairs of data points
and uses the median of these slopes to provide a reliable estimate of the overall trend
magnitude. In this study, Sen’s slope (3) was calculated on an annual, seasonal, and
monthly basis using the following equation:

L X=X
B = median———:+ (7)
where x; and x; are the data values at time steps t; and tj, respectively. A positive value
of 3 indicates an upward trend, whereas a negative value signifies a downward trend in
the dataset.

2.3.4. Extreme Precipitation Indices

Precipitation indices, summarized in Table 1 and recommended by the WMO, were
used to evaluate precipitation characteristics in the Kathmandu Valley. These indices
capture both the intensity and frequency of extreme precipitation events [24,46,47] and
are widely used in hydrological and climatological studies because of their robustness in
representing temporal and spatial variations in precipitation patterns.

This study categorizes precipitation indices into two main types: intensity-based
and frequency-based. Intensity-based indices measure the magnitude of precipitation
events and include the maximum 1-day (RX1day), 3-day (RX3day), 5-day (RX5day), and
7-day (RX7day) precipitation amounts. Threshold-based indices, such as very wet days
(R95pTOT) and extremely wet days (R99pTOT), represent the total precipitation on days
exceeding the 95th and 99th percentile thresholds, respectively. The Simple Daily Intensity
Index (SDII) was also used to estimate the average precipitation on wet days.

Frequency-based indices assess the occurrence of extreme precipitation events, in-
cluding the number of heavy precipitation days as follows: R10 mm, R20 mm, R35 mm,
corresponding to days with precipitation exceeding 10 mm, 20 mm, and 35 mm, respectively.
The longest consecutive dry days (CDDs, defined as precipitation <1 mm) and consecutive
wet days (CWDs, defined as precipitation >1 mm) were also analyzed to evaluate extended
dry and wet periods.

All indices were derived from daily precipitation records from 1980 to 2022 to identify
trends in extreme precipitation events within the study area. To better understand temporal
changes, trends were analyzed for the entire study period (1980-2022) and separately for
two decades (1980-2001 and 2002-2022) using the Pettitt test, providing a clearer view of
recent climate trends.
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Table 1. Extreme precipitation indices.

Precipitation Indices Abbreviation Unit Description
Maximum 1-day precipitation amount RX1day mm Intensity of precipitation
Maximum 3-day precipitation amount RX3day mm Intensity of precipitation
Maximum 5-day precipitation amount RX5day mm Intensity of precipitation
Maximum 7-day precipitation amount RX7day mm Intensity of precipitation

Total precipitation on days exceeding the . e
95th percentile (very wet days) R95pTOT mm Intensity of precipitation
Total precipitation on days exceeding the . .
99th percentile (extremely wet days) R99pTOT mm Intensity of precipitation
Count of days with precipitation > 10 mm o
(heavy precipitation days) R10 mm days Frequency of precipitation
Count of days with precipitation > 20 mm o
(very heavy precipitation days) R20 mm days Frequency of precipitation
Count of days with precipitation > 35 mm o
(extreme precipitation days) R35 mm days Frequency of precipitation
Maximum number of consecutive dry days o
(precipitation < 1 mm) CDDs days Frequency of precipitation
Maximum number of consecutive wet days o
(precipitation > 1 mm) CWDs days Frequency of precipitation
Simple Daily Intensity Index SDII mm/day Intensity of precipitation

(SDII)—average precipitation on wet days

2.3.5. Precipitation Concentration Index (PCI)

The PCI, introduced by Oliver (1980) [48], is widely used to assess the temporal
distribution of precipitation across the 12 months of the year. It serves as a vital tool for
evaluating the uniformity of irregularity of precipitation on both seasonal and annual scales,
ranging from evenly distributed precipitation to highly irregular precipitation patterns [49],
according to Table 2 thresholds. Variability in precipitation concentration significantly
influences hydrological hazards such as floods, droughts, landslides, and soil erosion,
as it reflects imbalances in precipitation distribution throughout the year [50]. In recent
years, the PCI has gained increasing recognition in hydrological research for its ability to
characterize precipitation variability [51,52]. In this study, the PCI was determined on both
an annual and seasonal basis for 1980-2022 [4]. Daily average precipitation, estimated using
the Thiessen polygon method, was aggregated into monthly totals for the Kathmandu
Valley. The monthly precipitation values were then used to calculate the PCI using the
following equations [4]:

12 p2
PCI (yearly) = D= RN (8)
o ():‘121 P;)?
1= 1
n . p?
PCI (Season) = ﬁ (% x 100) )
1= 1

where P; represents the monthly precipitation for each month within the season, i repre-
sents the specific month, and #n denotes the number of months within the season under
consideration. The PCI values were converted to percentages by multiplying the results by
100 in both equations.
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Table 2. Precipitation concentration threshold index.

PCI Threshold Description
<10 Uniform
11-15 Moderate
16-20 Irregular
>20 Strongly irregular

3. Results
3.1. Monthly Average Precipitation

Figure 3 presents the monthly average precipitation in the Kathmandu Valley from
1980 to 2022, revealing a clear seasonal pattern. The highest rainfall is recorded in July
(425 mm), followed by August (375 mm), while June and September receive between
220 mm and 245 mm. In contrast, the driest months are January, February, March, Novem-
ber, and December, with precipitation levels below 50 mm. April, May, and October receive
moderate rainfall ranging from 50 mm to 135 mm. The data show that approximately 80%
of the total annual precipitation occurs during the monsoon months of June, July, August,
and September, with the remaining 20% distributed across the other eight months. This
highlights the region’s pronounced dependence on seasonal rainfall.

400 -

N w w

wm o (9]

o o o
! ! !

200 -

150 +

Precipitation (mm)

100 -

50

Figure 3. Monthly average precipitation in Kathmandu Valley from 1980 to 2022.

3.2. Precipitation Trends and Variability

Table 3 presents the results of the Mann-Kendall trend analysis for precipitation
at monthly, seasonal, and annual scales, focusing on statistically significant trends.
The seasonal classifications used in this study are winter (December—February), spring
(March-May), summer (Monsoon) (June-August), and autumn (September—-November).
Among all the periods analyzed, only November, December, and the spring season ex-
hibit statistically significant precipitation trends at the 0.05 significance level (p < 0.05).
Specifically, November shows a declining trend of —0.035 mm/year (p = 0.03), Decem-
ber demonstrates a declining trend of —0.031 mm/year (p = 0.02), and spring shows an
increasing trend of 1.17 mm/yr (p = 0.04). These significant downward trends suggest
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an increase in aridity during the late autumn and early winter months, which may have
implications for water availability in the dry season, whereas the spring season shows more
water availability. For the remaining months and seasons and the annual scale, although
positive or negative slopes were observed, the associated p-values exceed 0.05, indicating no
statistically significant trends. In other time intervals, the precipitation is highly fluctuating.

Table 3. Results of the Mann-Kendall test for precipitation trends in the time series (1980-2022).

Period Min Max Mean SD cv Mann-Kendall Mann-Kendall Sen’s Slope Trend
(mm) (mm) (mm) (mm) (%) Z-Value p-Value (mm/year)
January 0 70.2 14.4 17.6 121.8 -0.18 0.86 —0.006 NS
February 0 83.7 224 21.0 93.8 0.54 0.59 0.106 NS
March 0.2 98.6 31.0 24.0 774 0.12 091 0.024 NS
April 22 136.4 58.2 34.0 58.4 0.95 0.13 0.361 NS
May 44.2 251.2 132.6 50.3 37.9 0.37 0.17 0.211 NS
June 90.4 559.6 242.7 97.5 40.2 -0.32 0.75 —0.419 NS
July 247.2 621.6 413.2 95.2 23.0 0.14 0.89 0.226 NS
August 260.1 567.1 375.3 67.2 17.9 —1.37 0.17 —0.866 NS
September 103.4 430.4 218.4 74.8 34.3 —0.03 0.97 —0.016 NS
October 1.3 201.6 51.9 50.8 98.0 0.18 0.86 0.042 NS
November 0 64.2 5.6 11.3 202.5 —2.24 0.03 —0.035 1
December 0 78.6 114 19.3 168.4 —-2.39 0.02 —0.031 N
Winter 0.2 143.1 48.3 32.7 67.7 —0.16 0.88 —0.088 NS
Summer 703.3 1386.9 1031.2 166.0 16.1 —0.83 0.41 —1.661 NS
Spring 104.5 368.7 221.8 67.9 30.6 1.37 0.04 1.174 T
Autumn 119.2 567.8 275.8 92.9 33.7 -0.12 091 -0.125 NS
Annual 1155.7 2061.6 15771 224.7 14.2 —0.45 0.65 —0.806 NS

NS = not significant; 1 = increasing trend; | = decreasing trend.

Figure 4 illustrates the annual and seasonal precipitation variations in the Kathmandu
Valley from 1980 to 2022, showing substantial fluctuations over time. The highest an-
nual precipitation was recorded in 2002 (2061.6 mm), while the lowest occurred in 2009
(1155.7 mm). As summarized in Table 3, the mean annual precipitation is 1577.1 mm with a
coefficient of variation (CV) of 14.2%, indicating relatively low variability. The standard
deviation is 224.7 mm from the mean. Among the seasons, the summer (monsoon) sea-
son exhibits the greatest variability in precipitation, with values ranging from 703 mm to
1386.8 mm. Peak summer rainfall occurred in 2002, followed by 1995 (1325 mm) and 2003
(1300 mm). The average precipitation during this season is 1031 mm, with a standard devi-
ation of 166 mm and a CV of 16.1%. The autumn season is the second-largest contributor to
annual precipitation, with values ranging between 199.2 mm and 567.8 mm, an average of
275.8 mm, and a standard deviation of 92.9 mm. The highest autumn precipitation occurred
in 1985, followed by 2007. Spring precipitation shows an increasing trend, peaking at
368.7 mm in 2002, followed by 350 mm in 2011. The minimum recorded value is 104.5 mm,
with an average of 221.8 mm and a standard deviation of 67.9 mm. Winter contributes the
least to annual precipitation, with near-zero precipitation in several years. The highest
winter precipitation was recorded in 1997 (143.1 mm), highlighting its minimal contribution
to the region’s overall water availability.
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Figure 4. Seasonal and annual precipitation trends in the Kathmandu Valley from 1980 to 2022 with
dotted trend line slopes: blue (annual, —1.14), green (summer, —1.68), purple (autumn, —0.79), red
(spring, 1.28), and yellow (winter, 0.05) mm/year.

3.3. Temporal Patterns of Extreme Precipitation Indices

Extreme precipitation indices are categorized into various groups, each capturing
different characteristics of extreme precipitation events. High-intensity indices include
maximum precipitation over specific durations: one day (RX1day), three days (RX3day),
five days (RX5day), and seven days (RX7day). Percentile-based indices capture extreme
precipitation events based on statistical thresholds, including R95pTOT (precipitation ex-
ceeding the 95th percentile) and R99pTOT (precipitation exceeding the 99th percentile).
Frequency-based indices measure the number of days with heavy rainfall, including R10mm
(days with precipitation > 10 mm), R20mm (days with precipitation > 20 mm), and R35mm
(days with precipitation > 35 mm). Dry and wet spell indices quantify the duration of
extreme conditions: consecutive dry days (CDDs) reflect extended dry periods (precip-
itation < 1 mm), while consecutive wet days (CWDs) indicate sustained wet conditions
(precipitation > 1 mm). Finally, the Simple Daily Intensity Index (SDII) represents the
average precipitation on wet days, thereby providing insights into the overall intensity of
precipitation events throughout the year.

3.3.1. High-Intensity Precipitation Indices
Maximum 1-Day (RX1day), 3-Day (RX3day), 5-Day (RX5day), and 7-Day
(RX7day) Precipitation

Figure 5 illustrates the temporal patterns of maximum precipitation over different
durations—RX1day, RX3day, RX5day, and RX7day—from 1980 to 2022. Each subplot
presents observed data along with trend lines for the entire study period (1980-2022)
and two sub-periods (1980-2002 and 2003-2022), allowing for a comparative analysis of
decadal changes. Over the full period, RX1day, RX3day, and RX5day exhibit no significant
increasing or decreasing trend (Table 4), while RX7day shows a slightly increasing trend
of 0.1 mm/year. A similar type of fluctuation is seen in the decadal analysis for RX1day,
RX3day, and RX5day, but an increasing trend of precipitation in RX7day is significant in
both decadal time intervals (Table 5). In 2002, the maximum precipitation values ranged
from 178 mm to 346 mm across all indices. RX1day precipitation increased sharply between
1982 and 1987 but declined significantly during 1988-1989. A similar pattern is evident
for RX3day, which experienced a slight decline in 1985. RX5day and RX7day increased
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between 1982 and 1986, followed by a sharp decline from 1987 to 1999. From 1989 to 2001,
all indices experienced considerable interannual fluctuations, peaking in 2002.
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Figure 5. Time series of maximume-intensity precipitation.
Table 4. Results of the Mann-Kendall statistical test for extreme precipitation in the time series
(1980-2022).
Precipitation Indices =~ Mean (mm) SD (mm) CV (%) Mann-Kendall = Mann-Kendall Sen’s Slope
Z-Value p-Value (mm/year)
RX1day 61.27 17.31 27.92 —0.06 0.60 -0.17
RX3day 113.56 26.16 22.76 —0.08 0.47 —0.26
RX5day 148.73 29.01 19.27 0.01 0.96 —0.04
RX7day 180.45 38.32 20.98 0.05 0.03 % 0.08
R95pTOT 586.83 173.51 29.21 —0.08 0.44 —2.00
R99pTOT 182.63 118.09 63.89 —0.16 0.03 * -1.96
R10mm 54.74 9.00 16.25 0.03 0.75 —0.03
R20mm 20.45 4.82 23.28 —-0.01 0.95 —-0.01
R35mm 517 2.62 50.14 —0.18 0.05* —0.05
CDDs 73.81 24.92 33.36 0.24 0.02* 0.69
CWDs 41.31 16.10 38.51 0.01 0.90 0.09
PRCPTOT 1550.62 215.38 13.72 —0.05 0.67 -1.12
SDII 10.19 1.08 10.51 -0.17 0.11 —0.02
PCl—autumn 17.72 3.64 20.32 0.04 0.68 0.02
PCl—spring 12.66 3.51 27.38 0.02 0.86 0.01
PCl—summer 9.07 0.66 7.24 —0.01 0.92 0.00
PCl—winter 16.15 5.11 31.28 0.23 0.03 * 0.14
PCl—annual 18.98 1.53 7.95 —0.07 0.50 —0.02

Note: * = statistically significant at 5% significance level.
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Table 5. Results of the Mann-Kendall statistical test for extreme precipitation in the time series
(19802002 and 2003 to 2022).

1980-2002 2003-2022
ey Mann- Mann- Sen'’s Mann— Mann- ,
Prtlectipltatlon Mean SD (E/V Kendall  Kendall Slope Mean SD CO/V Kendall Kendall Sen s/Slope
ndices mm)  (mm) (%) Z-Value  p-Value (mm/year) (mm)  (mm) (%) Z-Value p-Value (mm/year)
RX1lday 64.56  18.66  28.20 0.09 0.61 0.31 5799  15.62 2628 0.12 0.46 0.49
RX3day 11921 2454  20.09 0.08 0.65 0.62 10791  27.09  24.50 0.13 0.42 0.80
RX5day 15353 31.63 20.10 0.20 0.22 1.56 14393 2601 17.64 0.17 0.29 0.91
RX7day 186.92 4197 2191 0.33 0.04* 348 17397 3407 19.11 0.24 0.05* 1.76
RO5pTOT 62516 18936  29.56 0.14 0.03* 5.07 548.49 15091 26.85 0.10 0.57 4.45
R99pTOT 213.62 113.67 51.93 0.08 0.65 2.21 15164 116.84 75.19 0.04 0.79 -2.5
R10mm 56.10 8.97  15.60 0.20 0.20 0.50 53.38 9.05 16.54 0.18 0.26 0.40
R20mm 21.14 534  24.65 0.17 0.29 0.25 19.76 425  21.00 0.16 0.33 0.17
R35mm 6.00 263 4272 0.04 0.81 0.00 4.33 239 5392 0.09 0.58 0.00
CDDs 6752 2320 33.54 0.27 0.09 ** 1.43 80.10 25,53 31.11 0.22 0.04* 1.00
CWDs 3990 1618  39.56 —0.14 0.38 —0.30 42.71 16.30 3724 —0.02 0.90 0.00
PRCPTOT  1581.39 210.72 13.00 0.07 0.70 243 1519.86 220.69 14.17 0.12 0.46 6.17
SDIL 10.56 1.20 11.11 0.21 0.20 0.07 9.81 082 818 —0.08 0.65 —0.02

(a) Total precipitation of days in > 95™ percentile

Note: * = statistically significant at 5% significance level; ** = statistically significant at 10% significance level.

Total Precipitation in R95pTOT and R99pTOT

Figure 6 presents the temporal variation in the total precipitation associated with
extreme rainfall days, with subplot (a) representing days exceeding the 95th percentile
(R95pTOT) and subplot (b) those exceeding the 99th percentile (R99pTOT), covering the
period from 1980 to 2022. Trend lines are included for the entire study period as well
as for two decadal intervals to assess long-term and short-term patterns. Over the full
study period, both indices exhibit highly fluctuating precipitation, with a decreasing
trend of R99pTOT at 1.9 mm/year being significant (Table 4). However, the decadal
analysis reveals a more nuanced picture. From 1980 to 2002, R95pTOT shows a trend of
precipitation increasing by 5.24 mm/year (Table 5), while for 20032022 both indices show
highly fluctuating precipitation over the study period. For R95pTOT, the total precipitation
increased sharply from 334 mm in 1981 to a peak of 1080 mm in 1985, followed by a rapid
decrease to 293 mm in 1989 and 299.9 mm in 1991. The index then fluctuated, reaching a
secondary peak of 1017 mm in 2002. After 2002, RO5pTOT remained relatively stable, with a
slight initial decline until 2005, followed by intermittent fluctuations with 705 mm recorded
in 2022. In the case of R99pTOT, precipitation initially declined for three consecutive
years before rising from 41.7 mm in 1982 to 357 mm in 1985. Between 1985 and 2001, the
values fluctuated significantly, ranging from 40 mm to 382 mm and peaking at 544 mm
in 2002. A continuous decline was observed for the next four years, reaching 39 mm in
2006. From 2006 to 2022, the index exhibited extreme variability, fluctuating between 0 mm
and 309 mm.
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Figure 6. Time series of 95th and 99th percentile precipitation.
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3.3.2. Precipitation Days at Different Thresholds

This study evaluates precipitation days based on three intensity thresholds: >10 mm

(heavy precipitation days), >20 mm (very heavy precipitation days), and >35 mm (extreme

precipitation days), as illustrated in Figure 7. Over the entire study period (1980-2022),

the number of precipitation days shows a decreasing trend (—0.05 days/year) for extreme

precipitation with precipitation > 35 mm (Table 4), whereas for heavy and very heavy pre-

cipitation, an increasing or decreasing trend is not significant. Precipitation days > 10 mm

exhibit high interannual variability, increasing steadily through the early 1980s and peaking

around 2002, followed by fluctuating patterns in subsequent years. Similarly, precipitation

days > 20 mm show pronounced fluctuations, with peaks in 1958 and in 2002, followed by

a period of relative stabilization. In contrast, precipitation days > 35 mm remain relatively

low throughout the study period in both decadal analyses.
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Figure 7. Precipitation days under different precipitation thresholds.

3.3.3. Annual Maximum Consecutive Wet and Dry Days

Figure 8 shows the trends in CWDs and CDDs. As shown in Figure 8a, CWDs display
an overall fluctuation with no significant increasing trend. In contrast, Figure 8b shows a

more pronounced increasing trend in CDDs at 0.69 days/year, indicating a notable rise in

the duration of dry spells over the study period (Table 4). Decadal analysis reveals further

details: between 1980 and 2002, consecutive wet days’ increased trend is not significant,

while consecutive dry days rose more sharply at 1.27 days/year with a 9% significant level
with a continue rising trend at 0.708 days/year for 2003-2022 (Table 5) with a 4% significant
level. Interannual variability is notable for both indices, with peaks in CWDs observed in

the late 1990s and early 2000s, followed by fluctuations in subsequent years. Conversely,

CDDs show a more consistent and pronounced upward trend, with peak values occurring

more frequently after 2000, indicating an overall increase in prolonged dry periods across
the Kathmandu Valley.
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Figure 8. Annual consecutive wet and day days [(a) wet days (b) dry days].

3.3.4. Average Precipitation on Wet Days

Figure 9 illustrates the temporal variation in the average precipitation on wet days,
showing an overall fluctuation over the study period (1980-2022). The decadal analysis
also reveals no significant increasing or decreasing trend. Initially, the average precipitation
increased from 8.5 mm in 1981 to a peak of 12.9 mm before declining to 8.4 mm in 1989.
Following this decline, values fluctuated annually, reaching a maximum of 13 mm in
2002. Thereafter, a continuous decline was observed over the next three years, followed
by a period of relative stability. From 2005 to 2022, the average precipitation on wet
days remained within the range of 8.5-11.1 mm, with noticeable interannual variability
throughout the period.
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Figure 9. Wet-day average precipitation from 1980 to 2022.

3.4. Precipitation Concentration Index

Figure 10 presents the PCI for the Kathmandu Valley from 1980 to 2022, analyzed on
both seasonal and annual scales.
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Figure 10. Time series of annual and seasonal precipitation concentration index.

The results show an increasing trend in the PCI during winter at a rate of 1.4 per decade
with a 5% significant level (Table 4), whereas for autumn, spring, summer, and annual,
there is no significant increasing or decreasing trend that exists. The average PCI values for
the annual, autumn, and winter seasons are 18.98, 17.7, and 16.1, respectively, indicating
irregular precipitation during these periods. In contrast, the average PCI values for summer
and spring are 9 and 12.7, respectively, suggesting uniform and moderately concentrated
precipitation during these seasons. In autumn, 17 years fall under the “irregular rainfall”
category, while 13 years are classified as “strongly irregular.” During spring, most years
(22) exhibit moderate rainfall concentrations, with 10 years exhibiting uniform distribution,
9 years classified as irregular, and 2 years classified as very irregular. For winter, 17 years
fall into the moderate category, whereas 11 years are strongly irregular, including 3 years in
which the PCI exceeded 25—indicating that most precipitation during those years occurred
within approximately one-third of the season. Although spring generally maintains a more
uniform rainfall distribution over time, the annual PCI analysis reveals that only 6 years
experienced strongly irregular precipitation, whereas the remaining years indicate irregular
rainfall distribution across the Kathmandu Valley.

3.5. Mann—Kendall Trend Analysis of Extreme Precipitation for 1980-2022 with Decadal
Segmentation (1980-2002 and 2003-2022)

Table 4 presents the results of the Mann-Kendall trend analysis for extreme precipita-
tion indices and the PCI. The analysis reveals that the trends for RX7day, R99pTOT, R35mm,
and CDDs are statistically significant at the 5% significance level (p < 0.05), indicating
notable changes in these extreme precipitation characteristics over time. Additionally, the
PCI for winter exhibits a significant increasing trend, suggesting a shift toward more un-
even precipitation distribution during this season. In contrast, the trends for the remaining
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Correlation Coefficient

precipitation indices and seasonal/annual PCI are not statistically significant (p > 0.05),
implying that no consistent long-term trends were detected for these variables during the
study period. Similarly, Table 5 depicts the results of the Mann-Kendall statistical test
for extreme precipitation indices over the periods 1980-2002 and 2003-2022. The analysis
reveals a significant increasing trend in RX7day precipitation, with Sen’s slope values of
3.48 for 1980-2002 and 1.76 for 2003-2022, both significant at the 5% level. Additionally,
R95pTOT shows a significant upward trend during 1980-2002, with a Sen’s slope of 5.07
at the 5% significance level. The results also indicate a significant increase in consecutive
dry days (CDDs) for 2003-2022, with a Sen’s slope of 1.00 at the 5% level, while a similar
increasing trend in CDDs is observed for 1980-2002 with a Sen’s slope of 1.43, significant
at the 10% level. For the remaining precipitation indices, although some trends are either
increasing or decreasing, these are not statistically significant at the 10% level.

3.6. Influence of ENSO on Precipitation

The Nifio 3.4 index exhibits both positive and negative correlations with precipitation
indices in the Kathmandu Valley, Nepal. A negative correlation indicates that regional
precipitation tends to be lower than average during warm anomaly phases in the eastern
tropical Pacific (El Nifio events). Figure 11 presents the correlation coefficients between var-
ious precipitation indices, the PCI, and the Nifio 3.4 index, along with their corresponding
levels of statistical significance. Total annual precipitation shows a negative correlation of
—0.25 with the Nifo 3.4 index, which is significant at the 0.1 level. Similarly, the R10mm
index demonstrates a stronger negative correlation of —0.35, significant at the 0.05 level,
while the R20mm index shows a negative correlation of —0.21, significant at the 0.1 level.
The CWDs are also negatively correlated with Nifio 3.4 (—0.32), with significance at the
0.05 level. For seasonal variability, the spring PCI exhibits a significant negative correlation
of —0.35 with Nifio 3.4 at the 0.05 level. In contrast, the annual PCI shows a positive
correlation of 0.25, which is significant at the 0.1 level. Additionally, RX1day exhibits a
positive correlation of 0.24, which is significant at the 0.1 level.
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Figure 11. Correlation between the Nino 3.4 index and precipitation indices.
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4. Discussion

Rapid urbanization and reduced infiltration areas in the Kathmandu Valley have
heightened the impact of even minor precipitation events, resulting in frequent waterlog-
ging and flooding. These occurrences routinely disrupt traffic, affect pedestrians, and cause
property damage and loss of life. This study investigated extreme precipitation in terms
of intensity, frequency, and variability using a suite of precipitation indices recommended
by the WMO and supported by previous research [53-60]. The Mann—Kendall statistical
test and Sen’s slope estimator were applied to the precipitation data from 1980 to 2022 to
assess trends.

Monthly precipitation analysis reveals that most of the annual rainfall is concentrated
between June and September, with July (425 mm) and August (375 mm) having the highest
totals. This pronounced seasonality is largely driven by the Indian summer monsoon,
which transports moisture-laden southeasterly winds from the Bay of Bengal [61]. Long-
term precipitation trends indicate a slight decline in winter, summer, autumn, and annual
precipitation totals, while spring precipitation exhibits an increasing trend of 1.17 mm/year.
Notably, July shows a marginal upward trend of 0.2 mm/year, reinforcing its role as the
wettest month and a key contributor to flood risk in the Kathmandu Valley. During the
wettest months (July and August), minimum precipitation levels range from 247 mm to
260 mm, while the maximum values range from 567 mm to 621 mm. This wide range
significantly increases the potential for flooding. These findings are consistent with those
of Prajapati and Talchabhadel et al. (2021) and Dhital and Kayastha (2013) [33,62], who
identified July and August as the peak flood months. Similarly, Pradhan-Salike and Raj
Pokharel (2017) [63] attributed pluvial flooding in the valley to intense, short-duration
rainfall events.

Extreme precipitation analysis from 1980 to 2022 reveals an overall increasing trend
in RX7day by 0.1 mm/year. However, the decadal analysis (1980-2001 and 2002-2022)
indicates sharp fluctuations in extreme precipitation across the RX1day, RX3days, and
RX5days indices with an increasing trend for RX7days precipitation being significant. Simi-
lar patterns of fluctuations of precipitation are observed for the percentile-based indices
RI5pTOT and R99pTOT for decadal analysis, whereas a decreasing trend of R99pTOT is
significantly observed for 1980 to 2022. These findings suggest that short-duration precipi-
tation demonstrates inconsistency and long-term precipitation shows a slightly increasing
trend, which are both partially contradictory to the findings of Luo et al. (2024) [24], who
reported a long-term decline in extreme precipitation with highly fluctuation events over
Nepal due to the weakening of the South Asian Monsoon circulation, followed by a post-
2003 shift toward increasing extreme precipitation, particularly in western Nepal. This
trend aligns with broader regional patterns, including a threefold increase in widespread
extreme rainfall events over central India between 1950 and 2015, contributing to more
frequent flash floods and significant socioeconomic losses [64]. In 2002, Nepal faced an
anomalous monsoon with extreme rainfall in the east and center and drought in the west.
On 23 July 2002, Kathmandu recorded its highest 24 h rainfall in 14 years (177.0 mm), with
nearby areas like Khokana (300.1 mm) and Thankot (249.2 mm) also experiencing record
rain. This caused severe flooding and disruptions in the Kathmandu Valley [65].

In the Kathmandu Valley, the number of precipitation days at all thresholds
(=35 mm) declined between 1980 and 2022. Despite this decline, the RX7day in-
dex exhibited an increasing trend, suggesting more intense rainfall events over fewer
days—intensifying flood risk. Although consecutive wet days (CDDs) showed a slight
increase, the average precipitation on wet days declined, indicating a shift toward more
extreme precipitation events without a corresponding increase in total rainfall volume.
These trends are further supported by Luo et al. (2024) [24], who observed a decrease in
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moderate rainfall days (R10 mm, R20 mm) and increased extreme precipitation variability.
The severe flooding events of September 2024, which brought 239.7 mm of rainfall in just
24 h and resulted in over 200 fatalities and widespread displacement [66], underscore the
urgent need for adaptive infrastructure and enhanced disaster preparedness strategies in
the Kathmandu Valley.

The PCI analysis reveals an annual PCI value of 18.9, indicating an overall irregular
precipitation distribution. This finding aligns with the results of Lamichhane et al. (2024) [4],
who reported PCI values across Nepal ranging from 14.06 (moderate) to 25.34 (strongly
irregular), with increasing precipitation irregularity particularly evident in lowland regions.
While their national analysis identified an increasing PCI trend of 0.53 per decade, the
Kathmandu Valley exhibited an increasing trend of the PCI by 1.4 per decade in the winter
season. A similar type of increasing PCI value has been observed in China [67] and
India [68], where precipitation irregularity has been attributed to climate variability and
shifts in monsoon dynamics. Similarly, Rahman and Islam (2019) [69] reported PCI values
ranging from 0.57 to 0.632 in Bangladesh, indicating slightly higher precipitation variability
than in Nepal.

The influence of ENSO on precipitation patterns across the Asia—Pacific region, includ-
ing Nepal, is well established [2,70-73]. Several studies [4,74,75] confirm that during El
Nifo events, the westward shift of the Pacific warm pool toward the central and eastern Pa-
cific results in the weakening of the Walker circulation and trade winds, along with reduced
oceanic upwelling. These processes amplify positive SST anomalies in the eastern Pacific,
disrupt global precipitation patterns, and weaken the summer monsoon. Concurrently,
the western Pacific cools due to diminished convection, while the Indian Ocean warms
as a delayed response through atmospheric teleconnections—independent of the Indian
Ocean Dipole (IOD) [40]. In this study, annual precipitation, extreme precipitation indices,
and overall precipitation variability in the Kathmandu Valley were negatively correlated
with the Nifio 3.4 index, consistent with the findings of Lamichhane et al. (2024) [4,24] and
Luo et al. (2024) [4,24]. However, positive correlations were observed for the annual PCI
(0.25), the summer PCI (0.36), and 1-day maximum precipitation (RX1day, 0.24), suggest-
ing that ENSO influences not only the total precipitation amounts but also the temporal
concentration and the occurrence of high-intensity, short-duration events.

5. Conclusions

This study investigates precipitation patterns in the Kathmandu Valley using observed
data from 1980 to 2022, with a focus on trends in precipitation intensity, frequency, and
concentration at both annual and seasonal scales. By applying the PCI and a set of ex-
treme precipitation indices, this study also assesses the influence of the El Nifio-Southern
Oscillation (ENSO) on extreme precipitation events in the region.

The results indicate a slight overall increase in long-term precipitation across the
Kathmandu Valley with inconsistent short-term precipitation. The spring precipitation
exhibits an increasing trend of 1.17 mm per year, with November and December exhibiting
an upward trend. The remaining months and seasons show high-fluctuation short-term
precipitation contributing to heightened flood risks. The analysis of extreme precipitation
indices reveals sharp inconsistency in RX1day, RX3day, and RX5day from 1980 to 2022,
while RX7day exhibits a slight increase of 0.1 mm/year. Similarly, decadal analysis reveals
a fluctuation trend across all extreme precipitation indices, including R95pTOT, which
emphasizes the growing risk of pluvial and fluvial flooding in the valley. The annual precip-
itation patterns in the Kathmandu Valley are highly irregular, particularly during autumn
and winter, whereas summer precipitation remains relatively evenly distributed. ENSO
analysis indicates a negative correlation with annual precipitation, extreme precipitation
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indices, and overall precipitation variability, while showing a positive correlation with
the annual and summer PCI and 1-day maximum precipitation (RX1day). ENSO analysis
indicates a negative correlation with annual precipitation, extreme precipitation indices,
and overall precipitation variability, while showing a positive correlation with the annual
and summer PCI and 1-day maximum precipitation (RX1day). Although some of these
correlations are statistically significant, they align with established climatic mechanisms.
Previous studies demonstrate that El Nifio events typically weaken monsoon circulation
and reduce moisture transport across Nepal, leading to below-normal rainfall [4,24]. In
contrast, La Nifia phases enhance moisture influx, often resulting in above-normal rain-
fall. These mechanisms support the observed variability in precipitation patterns in the
Kathmandu Valley, though the influence of ENSO is controlled by local topography and
regional atmospheric conditions.

Although this study is limited to a single geographic region with a restricted number of
observation stations, its findings are applicable to other areas with similar topographic and
climatic conditions throughout the Himalayan region. Future research should incorporate
additional climatic variables—such as temperature, humidity, and wind speed—alongside
global climate model (GCM) data to improve projections of future precipitation trends and
their hydrological implications.
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Despite the low local energy access rates, Africa is considered a key player in the
global energy transition due to its large supply of fossil fuels and a large reserve of
critical minerals essential for manufacturing renewable energy components in the
energy sector and storage devices in the transportation and electronics sectors. But
building a sustainable society at all levels across nations would only come when there
exists a just and inclusive energy transition based on the idea of “leave no one
behind”. While many African countries have embarked on ambitious and
transformative transition strategies, and many energy projects classified as “clean”
have economic, environmental, and social implications that jeopardize the wellbeing
of those already vulnerable to the impacts of climate change. This paper explores the
policy implications of the just transition to ensure that efforts to steer Africa towards a
lower carbon future are supported by fair, equity, and justice considerations. Our
analyses provide valuable evidence for considering a just transition in Africa that will
not exacerbate the current socio-economic challenges the region is facing but will
support sustained poverty reduction and the achievement of faster economic
growth. Our findings show that the African continent’s multiple challenges of
energy security, economic growth, and affordable access must feature in its
clean energy transition. We draw conclusions that an incremental transition
emphasizing low-carbon development is the most feasible and pragmatic
approach to transform the region's economy and address climate change
challenges.

KEYWORDS

clean energy, just transition, energy justice, policy implications, economic development

1 Introduction

The Global North, notably the European Union (EU), has been at the forefront of
developing technologies and implementing policies to generate energy from renewable
sources and mitigate climate change (Okpanachi et al., 102934), even though this transition
has been progressing at varying rates among EU member states (Miiller et al., 2021). But when
we see the Global South, the actions on clean energy transitions vary highly from country to
country, especially in Asia and Africa. Looking at Africa, although there is less information on
“clean” energy transitions as well as actions than there is in the EU, the interest in this subject is
developing both in academic and policy circles (Castan Broto et al., 2018), (International
Renewable Energy Agency, 2019a). Initiatives for renewable energy policy have gotten a boost
from pressure to promote technological innovation, competitiveness, and economic growth in
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Africa concerns over greenhouse gas emissions, idealistic expectations
of a post-fossil fuel future, and growing economic unpredictability in a
post-COVID era. Similar to the EU, growth in Africa has been uneven,
with different nations taking different political pathways and certain
regions of the continent receiving less research attention than others.
Although Africa’s share of global investments in renewable energy
development and installed capacity remains relatively small, the
continent’s recent robust economic growth and rapid population
growth will require more energy resources to drive future
development. In contrast to a projected 10% growth in worldwide
energy consumption, it is predicted that by 2040, energy demand in
Africa might be almost 30% more than it is today (Johnston, 2020).

During the COVID-19 pandemic lockdowns, energy demand in
most African countries declined because of significantly reduced
2020).
However, while the economic impact of the pandemic was severe,

commercial and industrial electricity use (Johnston,
the experience offers an opportunity for countries in Africa to make
transformational changes and structural adjustments in how energy is
generated and stored. The exacerbating impacts of climate change
across the continent emphasize the need to transition from a fossil
fuel-based, regional economy to one powered by clean energy. Africa is
extremely vulnerable to the impacts of climate change because of its
low adaptive capacity. Moreover, the continent is highly dependent on
shrinking natural resources. Therefore, investing in clean energy will
help African economies address the immediate consequences and
long-term socio-economic impacts of the COVID-19 pandemic and
the ongoing climate crisis.

Despite a historical and present contribution to carbon emissions
below 3%, the continent’s commitment to cutting emissions is
admirable. However, Africa still confronts a unique challenge in
gaining access to modern energy to meet its development
objectives, including enhancing climate resilience (Renewable
Energy Agency et al, 2021). Despite the fact that Africa is highly
endowed with energy resources to supply both present and future
demand, approximately 600 million people live without access to
power on the continent. While several nations, notably Burundi and
Chad, still only have access rates of 10% or less, South Africa and the
nations that makeup Northern Africa have almost universal access to
electricity (African Development Bank, 2022), (Carley and Konisky,
2020). This unequivocally underscores the need to focus on and
customize initiatives to raise access rates in Africa. Additionally,
the availability of power should not be seen as a stand-alone,
binary signal because a poor, constrained, or expensive electrical
supply may restrict its value. In order to meet its climate pledges,
Africa must significantly increase its contemporary power generation
and consumption in light of the continent’s population, urbanization,
and economic growth patterns.

Socio-cultural specificity that may undermine efforts regarding
energy transition in Africa is the lack of awareness and understanding
about the benefits of renewable energy sources. This is because many
Africans still use traditional energy sources like wood, charcoal, and
kerosene since they are both affordable and easily available (Simelane
and Abdel-Rahman, 1243). As a result, people might not be willing to
pay more for renewable energy options that are better for the
environment. Furthermore, the lack of political will and leadership
to promote and invest in renewable energy is another culturally
distinctive aspect of this society. Meeting the short-term energy
demands of their populations, many African governments care less
about long-term sustainability (Simelane and Abdel-Rahman, 1243).
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Without strong leadership, getting financial and political backing for
renewable energy initiatives can be challenging. Additionally, some
African cultures may prioritize traditional energy production and
consumption forms, such as using wood as a primary cooking fuel
(Simelane and Abdel-Rahman, 1243). These cultural practices may be
difficult to change, especially if they are deeply ingrained in the
community.

Transforming Africa’s energy sector will require technological
advancements to reconcile economic growth with the conservation of
natural resources. However, technical progress alone will not be sufficient
to transition away from a conventional energy system; a strong political
will, strategic planning, and a comprehensive policy fully utilizing
renewable energy are also needed. Although the specific paths to a
clean energy transition may differ, depending on the particular
requirements of various nations and regions, all paths must be
equitable and inclusive to help achieve the United Nations Sustainable
Development Goals (SDGs) (S&P Global), (Hafner and Tagliapietra,
2020). A just and inclusive energy transition based on the idea of
“leave no one behind” would improve individuals’ wellbeing and
health, boost resilience, and inspire innovation to achieve a sustainable
society at all levels while spurring massive investment (Ceres Roadmap,
2030). This argument is based on the premise that proactively identifying
and confronting obstacles can result in far better outcomes than those that
can be resulted from doing nothing or waiting too long to act. Changing
behaviors and a fair and just energy transition will require a negotiated
vision and process centered on discussion and backed by a set of guiding
principles (Eskom, 2022). The main objective of this work is to inform
policymakers on the impacts of strategic decision-making in clean energy
development. In this work, we analyze the just and policy implications of
the clean energy transition in Africa, emphasizing the challenges
hindering this transition, policy recommendations, and finally, the
linkage between SDG and energy transition in Africa. Our analysis
provides valuable evidence for considering a variety of policy
interventions for a just energy transition in Africa.

2 Just and policy implications of clean
energy transition

The transition to clean energy in Africa has important justice and
policy implications that should be carefully considered to ensure that
this transition’s benefits and burdens are distributed fairly.
Environmental justice is a key aspect of this transition, as it
involves ensuring that all people, regardless of their socioeconomic
status, race, or ethnicity, have the right to live in a healthy and safe
environment (U.S. Environmental Protection Agency, 2021). Africa
requires a just and equitable energy transition that enhances inclusion
and synergies while reducing inequality and empowering people
through modern energy access. A cost-effective, dependable, and
sustainable energy system is crucial not only for lifting millions of
Africans out of poverty; the transition must create new opportunities
and strengthen the rights of the poor but also for enhancing climate
resilience, enhancing climate preparedness, and minimizing climate
vulnerability (African Development Bank, 2022), (Garcia-Garcia et al.,
2020). The equity ramifications and difficulties brought on by energy
poverty, low consumption, and the unmet energy demand for
economic growth and transformation in Africa must be carefully
considered for a just energy transition. In the context of the transition
to clean energy in Africa, this means ensuring that marginalized
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groups and vulnerable individuals are not disproportionately
impacted by the transition and that their needs and perspectives
are taken into account in the planning and implementation of
clean energy projects.

There are a number of marginalized groups and vulnerable
individuals in Africa who may be disproportionately impacted by
the transition to clean energy. These groups include but are not limited
to, indigenous communities, rural communities, and low-income
households (United nations development). These groups may be
particularly vulnerable to the impacts of climate change, as they
often rely on natural resources for their livelihoods and may have
limited capacity to adapt to changing conditions (World Bank Group,
2021). Additionally, these groups may face barriers to accessing clean
energy technologies and may be less able to afford the upfront costs of
transitioning to clean energy. As more countries in Africa formulate
and implement clean energy policies, failing to integrate justice into
the process often leads to inequalities, uneven cost-sharing, and
negative impacts associated with clean energy projects (Carley and
Konisky, 2020). Recent debates have focused on the adverse impact of
the energy transition on individuals, communities, and countries
across Africa. The impacts often take the form of an excessive
burden or a lack of access to possibilities for the energy transition
in terms of affordability and access and inequalities that arise despite
the benefits of clean energy projects. This section provides a
comprehensive overview of the status of the clean energy transition
in Africa, indicating the challenges which hinder a just energy
transition and, in addition, a plea for striking a balance between
Africa’s energy needs and international climate obligations and gives
practical strategy and policy suggestions.

2.1 Russia—Ukraine war and energy security: A
lesson for Africa

What is seen as just in one situation might be considered unfair in
another? According to Hirsch et al. (Hirsch et al, 2017), it is more
challenging to implement a just transition in countries that have weak
social support systems and heavy reliance on fossil fuel production than it
is in countries that have robust social support systems and diverse
industrial bases (Zinecker et al,, 2018). African clean energy transition
should not only entail replacing fossil fuels with renewables but also
developing new, efficient, and flexible power systems fed by renewable
energy sources and decentralized (including off-grid) facilities to
minimize conditions wherein high demand must be satisfied by fossil
fuels. While Africa’s energy investment needs are significant, the
additional demands connected with a shift to low-carbon energy may
be viewed as realistic and pragmatic. The Russia—Ukraine conflict has
caused energy prices to skyrocket in the European Union (EU), which is
heavily reliant on Russian oil, gas, and coal (Besson, 2022). Despite
decarbonization regulations, fossil fuels still account for a significant
portion of the EU’s energy mix. Leaders in the clean energy transition
now face a dilemma; for example, Germany relies on Russia for roughly
half of its natural gas and coal and more than one-third of its oil.
Germany’s near-term action is to increase the use of coal-fired power
plants. This shows that in Africa, which faces problems of economic
development and growth, energy security and affordable access must
feature in its clean energy transition. The most feasible and pragmatic
solution for Africa will be an incremental transition emphasizing low-
carbon development rather than net-zero pathways.
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2.2 Oil and gas versus economic development

Africa’s energy transition must be predicated on leveraging the

enormous prospects for energy access, employment, and

industrialization based on the continent’s tremendous renewable
energy 2022). With appropriate
technological and financial assistance, Africa can revolutionize its

resources (Songwe et al,
economies and become a global leader in inclusive green energy
growth using its abundant energy resources. Figure 1 compares
Africa with the rest of the world in terms of fossil fuel
consumption and the GDP of the world. This shows that higher
fossil fuel use is associated with a higher GDP, implying that countries
require greater energy use to industrialize. Hence, for a country to
attain a certain level of industrial growth, some amount of dependence
on oil and gas is currently required. However, the societal and
that
dependence on greenhouse gas-emitting energy sources must be

economic damages caused by climate change mean
strongly discouraged globally. North America and Europe, having
attained the highest level of industrialization, must work to
significantly reduce their dependence on fossil fuels. The clean
energy revolution cannot be restricted to small, incremental
changes; to create a livable future, these efforts must be
transformational, involving a system redesign based on the swift
upscaling and use of all available clean and carbon-reducing
technologies (United Nation Organization, 2021).

For continents with lower rates of economic development, less energy
security, less affordable access, and poorer environmental sustainability, a
different approach is needed. For Africa, a step-by-step transition must
involve adjustments to an energy system that will not disrupt how

established social, political, and economic systems coexist.

2.3 Evidence-based decision-making

While many African countries have embarked on ambitious and

transformative  transition  strategies  targeting  underserved
communities, many energy projects classified as “clean” have
economic, environmental, and social implications that jeopardize
the wellbeing of groups most vulnerable to the impacts of climate

change.

2.3.1 Gender-inclusive policies

Gender inequality in many communities in Africa limits
opportunities for women to participate in policy- and decision-
making, affecting clean energy development. The 2019 Africa
Gender Index Report (Gender, 2020) says that senior decision-
makers in African firms are primarily male, with an Africa Gender
Index score of just 22.9 percent. Women are underrepresented in
parliament (25.3 percent). Very few managers, professionals, and
technicians in Africa are women (41.4 percent) (Gender, 2020). A
just transition should address the inequalities between men and
women, as well as indigenous and minority groups, in decision-
making processes. Marginalized or minority groups should be
included in different stages of clean energy transition projects by
including them in decision-making bodies.

2.3.2 Human rights in the mining industry

Critical materials used in manufacturing batteries and solar
energy technology, such as cobalt and copper, are mined in Africa.
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Fossil fuels per capita against GDP of the world (World Bank, 2022a), (Our World in Data, 2020).

More than 70 percent of the world’s cobalt is produced in the
Democratic Republic of the Congo (DRC), and 15-30 percent of
Congolese cobalt is produced by artisanal and small-scale mining
operations (Baumann-Pauly, 2022). A 2016 report from Amnesty
International (Amnesty International, 2016) states that thousands
of children mine cobalt in the DRC under hazardous conditions,
and the DRC government and mining companies fail to protect
mine workers from human rights abuses. A just energy transition
requires a sustainable supply of critical materials produced in such
a way that it respects the fundamental rights of miners and other
workers.

2.3.3 Women, farmland, and energy transition

Women laborers are of vital importance to rural economies in
Africa, providing 60-80 percent of the labor that supports African
agriculture (Palacios-Lopez et al.,, 2017), (The World Bank, 2022).
African women are known to live in poverty. According to (UN
Women Data Hub, 2022), roughly 63 percent of the world’s extremely
poor women live in sub-Saharan Africa. While rural women play a
critical role in Africa’s economy, there have been multiple claims of
women losing agricultural land to energy projects. For example, in
Tanzania, there are claims that farmland was taken from a farmer in
the coastal region to be used for a biofuel project (Makoye, 2013). If
not managed well, these actions may increase the risk of food
insecurity on the continent. Therefore, a just transition to clean
energy must recognize the critical role rural women play and
minimize their risk of losing access to agricultural land.

2.4 Strategies and policy Approaches for
inclusive benefits

The transition to clean energy has the potential to bring numerous
benefits to Africa, including improved access to electricity, increased
economic opportunities, and reduced greenhouse gas emissions
(International Renewable Energy Agency, 2019a). However, it is
important to ensure that these benefits are distributed fairly, and
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that marginalized groups and vulnerable individuals are not left
behind. In order to achieve this, a just and inclusive policy
approach is needed. There are several key strategies that can be
pursued to transition to clean energy in Africa.

o One of these is increasing the deployment of renewable energy
technologies, such as solar panels and wind turbines, which can
provide a source of electricity to communities that are not
connected to the grid (International Renewable Energy Agency,
2019b). Renewable energy technologies can also create jobs and
economic opportunities, particularly in rural areas, which can help
to improve the livelihoods of marginalized communities.

o Promoting energy efficiency: Energy efficiency measures can
help to reduce the overall demand for energy, which can in turn,
reduce the need for fossil fuel generation. This can be achieved
through a variety of means, such as implementing building
codes and standards that require the use of energy-efficient
appliances and equipment, providing incentives for the use of
energy-efficient technologies, and promoting the adoption of
energy-efficient behaviors.

« Inaddition to these strategies, it is also important to promote the
use of clean cooking solutions in Africa. Traditional cooking
methods, such as open fires and inefficient stoves, are a major
source of air pollution and greenhouse gas emissions on the
continent. Promoting the use of clean cooking solutions, such as
improved stoves and clean fuels, can help to reduce these
emissions and improve public health.

« Finally, it is important to support capacity building and technology
transfer in Africa in order to fully transition to clean energy. Many
countries on the continent lack the technical expertise and
infrastructure needed to embrace clean energy technologies fully.
Supporting capacity building and technology transfer can help build
the necessary skills and infrastructure needed to support the clean
energy sector’s growth.

In order to effectively transition to clean energy and ensure that
the benefits are distributed fairly, it is essential to adopt a just and
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inclusive policy approach. This may involve implementing policies
that support the deployment of clean energy technologies, such as
feed-in tariffs or renewable energy targets, and implementing policies
that support the needs of marginalized groups and vulnerable
individuals, such as targeted support for low-income households to
access clean energy technologies or training programs to help
indigenous communities develop the skills needed to participate in
the clean energy sector. By pursuing these strategies and adopting a
just and inclusive policy approach, Africa can transition to clean
energy and reap its numerous benefits.

3 Synergies between clean energy and
sustainable development goals

The United Nations 2030 Agenda for Sustainable Development,
also known as the Sustainable Development Goals (SDGs), is a global
framework for achieving a better and more sustainable future for all. It
aims to end poverty, protect the planet, and ensure peace and
prosperity for all people, particularly those in developing countries
(International Institute for Applied Systems Analysis, 2018). While the
SDGs have the potential to address some of Africa’s needs, they also
have some limitations and challenges when it comes to fulfilling
Africa’s needs. One of the main criticisms of the SDGs is that they
have an ethnocentric approach, projected by western countries, and do
not adequately consider the specific needs and context of different
regions and cultures (Cheever and Dernbach, 2015), (Matikainen,
2019). The goals and targets are often based on the values and
priorities of the global north, rather than the realities and priorities
of the global south. This can lead to a one-size-fits-all approach that
does not adequately address the complex and diverse challenges facing
Africa.

For example, the goal of universal access to electricity and modern
energy sources is important for Africa, where many people still live
without access to electricity. However, the goal does not adequately
consider the specific energy needs and contexts of different countries
in Africa (Matikainen, 2019). It does not consider the fact that some
countries may have abundant renewable energy resources, such as
solar or wind power, while others may rely more on fossil fuels or other
non-renewable sources. The goal also does not consider the fact that
some countries may have more developed infrastructure and capacity
to implement renewable energy projects, while others may lack the
necessary resources and capacity. Another example is the goal of
achieving gender equality and empowering all women and girls. While
this goal is important for Africa, where women and girls face
numerous barriers to equality and empowerment, it does not
adequately consider the specific cultural and social context of
different countries in Africa (Security and Human Rights, 2017). Tt
does not consider the fact that some cultures may have more
traditional gender roles and expectations, which can be a barrier to
women’s empowerment. It also does not consider the fact that some
countries may have more developed infrastructure and capacity to
implement gender equality initiatives, while others may lack the
necessary resources and capacity.

Despite these limitations, the SDGs can still be a useful framework
for addressing Africa’s needs, if they are implemented in a way that is
sensitive to the specific context and needs of different countries in
Africa. For example, the SDGs can be used as a roadmap for
prioritizing and investing in key areas such as education, health,
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agriculture, and infrastructure (International Renewable Energy
Agency, 2019a). These sectors are critical for Africa’s development
and have the potential to make a significant impact on people’s lives
and wellbeing. One way to ensure that the SDGs are more effective in
addressing Africa’s needs is to involve African stakeholders in the
implementation process (International Renewable Energy Agency,
2019a), (International Institute for Applied Systems Analysis,
2018). This includes local communities, civil society organizations,
governments, and the private sector. By involving these stakeholders
in the planning and implementation of the SDGs, it is more likely that
the goals and targets will be relevant and achievable in the African
context. Another way to make the SDGs more effective in addressing
Africa’s needs is to ensure that they are aligned with other regional and
national development frameworks and initiatives. For example, the
African Union’s Agenda 2063 (African Union Commission, 2022),
which is a vision for Africa’s development over the next 50 years, can
be used to complement and support the implementation of the SDGs
in Africa. By aligning the SDGs with Agenda 2063 and other regional
and national development frameworks, it is more likely that the goals
and targets will be relevant and achievable in the African context. We
discuss eight of them in the context of a just transition to clean energy
in Africa.

3.1 SDG #1: End poverty in all its forms
everywhere

Increased power generation capacity can help eliminate poverty
through many channels, and it is important to distinguish its macro-
and micro-impacts (Lockwood and Pueyo, 20132013). Increased
electric power capacity can indirectly reduce poverty at a macro
level by promoting economic growth, as shown in Figure 2. The
energy industry boosts economic growth in two ways. First, energy is a
vital economic sector that provides jobs and creates value by
producing, transmitting, and distributing energy across an
economy (Alam et al, 2018). Second, the energy industry’s effects
spread throughout the economy. Energy is a necessary component in
producing almost all goods and services in an economy and supports
economic activity in all sectors. Electricity alone cannot provide all the
conditions needed for economic growth; however, it is vital to meeting
households® basic demands and supporting economic activity (Oda
and Tsujita, 2011). Several factors, such as employment and
productivity, health, and education, can explain the relationship
between access to electricity and poverty alleviation. The most
recent research on energy and poverty emphasizes the connection
between the two (Khandker et al., 2012). Poverty limits access to power
and energy consumption, restricting opportunities for education and
economic growth; for example, often-prohibitive connection fees can
prevent homes from connecting to the electricity grid (Golumbeanu
and Barnes, 2013).

Of the approximately 39 percent of Cameroon’s population living
below the poverty line of $1.90 per day (Food and Agriculture
Organization, 2019), most do not have access to clean, affordable
energy; thus, people are forced to spend many hours covering big
distances to gather firewood for cooking. Although access to electricity
has gradually increased over the years, in 2016 only 60 percent of
Cameroon’s population had access to electricity, comprising only
21.3 percent in rural areas when compared with 92.0 percent in
urban areas (The World Bank, 2020a). Reliability issues in
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Access to Energy and GDP, Africa’s context (The World Bank, 2021a), (The World Bank, 2021b).

Cameroon’s electricity sector are severe. Thus, businesses and homes
are without electricity for several hours each day and occasionally for
several days. Access to electricity is essential for basic services, such as
hospitals and schools, and the growth of small businesses at the
household level (Alam et al., 2018).

Improving Cameroon’s

energy infrastructure will

proportionate expenditures as energy demand rises. Investments in

require

the energy sector will increasingly need to focus on renewable energy
so that the country can avoid being locked into unsustainable energy
systems in the face of climate change and realize the potential benefits
clean energy offers. According to Qudrat-Ullah et al. (Qudrat-Ullah
and Nevo, 2021), a 1 percent increase in renewable energy
consumption is predicted to result in short-term growth of
0.7 percent and strong long-term growth of 1.9 percent in Africa
(Qudrat-Ullah and Nevo, 2021). Cameroon has abundant renewable
energy resources, and deploying renewable energy systems through
microgrids could significantly increase household incomes via job
creation. According to (Wei et al, 2010), expanding a renewable
energy infrastructure can create many jobs, including construction,
installation, and operations, and supports other economic activities
that produce job opportunities. For example, during the construction
phase of the Memve’ele and Nachtigal hydropower plants, 10,000 and
1,500 jobs were created, respectively (Nachtigal Hydro Power
Company, 2017), (Wikipedia, 2022). This increased the wealth of
households in those communities. In addition, people may increase
their working hours, diversify their sources of income, and even switch
to jobs that are more productive. This is because of the increased
amount of time they can spend with the lights on. Furthermore
2011),
availability on women’s employment, likely because of a reduction

(Dinkelman, discovered many benefits of electricity
in time spent performing housekeeping chores, freeing women to
pursue paying jobs. Energy is a crucial input in producing goods and
services across the agricultural, industrial, and service sectors. It is
needed to improve irrigation systems and mechanize farms, which
increases agricultural output, which, in turn, provides more income
and food security for millions of households and increases agricultural

exports, thereby reducing poverty. Growth in these industries requires
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a greater supply of energy, which can be achieved through the
deployment of renewable technologies.

3.2 SDG #2: End hunger, achieve food
security and improved nutrition, and promote
sustainable agriculture

Climate change and expanding populations may significantly
affect agricultural output and the agriculture sector’s environmental
impact, particularly concerning irrigated agriculture, which produces
nearly 40 percent of the world’s food on just 18 percent of its cropland.
Because of changes in rainfall patterns, hydrological regimes, and
weather patterns, as well as an increased reliance on land and water
resources, rain-fed food production systems will also experience
significant strain, further degrading available
reducing productivity. According to (Schwerhoff and Sy, 2017),

resources and
food production is most vulnerable in Africa. One reason is that
much of Africa’s crop production depends on rain, and changes in
climate and precipitation have a direct impact on crop output. Long-
lasting droughts and intense rainstorms can drastically alter water
supplies and exacerbate risks already present in agriculture. Crop
production relies on energy inputs to provide even the most basic food
output. Depending on a country’s degree of development, on-farm
food production consumes two to five percent of commercial energy
(Khan and Hanjra, 2009). Similarly, a good deal of energy is used to
transport raw materials to processing facilities where they are frozen,
canned, dried, ground, baked, and undergo other processes. The
dependence of the world’s food systems on energy is further
highlighted by the food processing and agricultural support
businesses probably already requiring more energy than farming itself.

According to (Food and Agriculture Organization, 2013), total
food losses in sub-Saharan Africa are estimated at $4 billion annually,
an amount that could feed 48 million people. Hunger is predicted to
increase due to adverse effects of climate change, such as drought, high
temperatures, and increased pest attacks, on crops. This is likely to
reduce agricultural productivity, increase food prices, and severely
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increase famine among vulnerable groups, especially in rural areas.
According to Morel et al. (Morel, Mungai), the agriculture sector
employs approximately 28 percent of Gambia’s working population,
and approximately 80 percent of the country’s rural households are, in
one way or another, employed in the agricultural sector.
Unfortunately, Gambia’s agriculture is threatened by climate
change, the agriculture sector has been underperforming compared
to the rest of the economy, and its contribution to the country’s GDP
has been decreasing. Specifically, the agricultural sector’s share of GDP
decreased from 29% in 2010% to 16.9% in 2017. This will, in turn,
increase the country’s undernourished population.

Increased usage of renewable energy technology and customized
energy systems reduces the percentage of the population that is
undernourished by improving agricultural production, helping to
ensure food security and end hunger (The World Bank, 2020Db).
Most farmers in sub-Saharan Africa still water their gardens and
farms using labor-intensive bucket-lifting techniques, which is
particularly hard for women, who do most of the labor (Morel,
Mungai). Solar-powered irrigation systems and water pumps would
help farmers maintain and increase their yields in areas affected by
drought. Some irrigation and water pumping technologies have
significant potential to ensure food supplies throughout the year
and generate additional household income (Karekezi et al, 2005).
An increase in household income helps ensure regular access to food.
In addition, solar-powered meteorological stations could be built in
rural areas to provide data that can guide farmers on planting and
irrigation dates.

Customized energy systems can also help combat hunger by
reducing post-harvest losses, Gambia wastes a lot of food due to a
lack of transport and storage facilities. According to (Jallow et al.,
2020), more than 45 percent of composted waste in Gambia comes
from food waste. Losses of cereals due to poor handling are high and
are likely greater for perishable products. The impact of high post-
harvest losses on the poor is twofold. First, it implies that available
food is less nutritious than the perishables that are wasted, leaving the
poor undernourished. Second, post-harvest losses equate to lost
potential income. Therefore, developing solar-powered grain silos
and ovens to store excess food produced during farming seasons
could reduce food waste and increase food security. Furthermore, the
need for energy to process food would add value and thus increase
household incomes.

3.3 U.N. SDG #3: Ensure healthy lives and
promote wellbeing for all

Living without stable energy reduces options for education and
employment, compromising health and overall wellbeing. The lack of
energy impacts the ability of healthcare facilities to serve patients,
affecting lighting, heating, ventilation, and cooling systems, blood
banking, storage of vaccines and other medications, and information
and communication technology (ICT) services, limiting the

availability of life-saving care. Businesses cannot operate,
transportation networks cannot run, and homes and workplaces
cannot be heated and cooled to comfortable temperatures without
reliable electricity. Around 2.4 billion people, the majority of whom
reside in low- and middle-income countries, still cook over open fires
and inefficient stoves that burn solid fuels (including wood, crop

wastes, charcoal, coal, and dung) and kerosene (World Health
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Organization, 1748). These inefficient cooking methods contribute
significantly to indoor air pollution, including tiny soot particles that
can get deep into the lungs. Indoor smoke in poorly ventilated homes
can produce levels of fine particles that can be 100 times greater than
what is considered safe. Women and young children spend the most
time close to a domestic stove or fireplace and are therefore at the
greatest risk for exposure. Each year, respiratory illnesses, such as
pneumonia, linked to exposure to indoor and outdoor air pollution kill
almost 600,000 children under the age of five (World Health
Organization, 2016). Most of these households’ energy services are
purchased and utilized by women and girls, who suffer the brunt of the
health hazards and other costs associated with the usage of unclean
and inefficient home energy systems.

Nigeria’s industrial sector is still growing, and ambient air
pollution has not yet reached harmful levels; however, household
air pollution (HAP) is the highest contributor to ambient air pollution.
According to Ifegbesan et al. (Ifegbesan et al., 2016), nearly 81 percent
of homes in rural regions rely on solid fuel—primarily
(LPG) for

cooking. Biomass fuel (BMF) used for cooking and space heating is

firewood—kerosene, and liquefied petroleum gas
one of Nigeria’s biggest sources of ambient air pollution and has
contributed to an estimated 114,100 early deaths in the country .
Several studies (Ifegbesan et al,, 2016) show that people who use
biomass fuels are more likely to develop respiratory morbidity and
chronic obstructive pulmonary disorders.

Providing access to high-quality healthcare and fulfilling the
SDGs requires consistent access to reliable electricity. In most
African countries, more than half of all healthcare institutions
lack access to reliable electricity or do not have any electricity at
all. Reliable energy is essential for healthcare institutions to operate
at night, pump water, store vaccines and other medicines, and
manage hazardous waste. The health of hundreds of millions of
people, particularly women and children who frequently suffer from
inadequate primary healthcare, is at risk due to the lack of sufficient
and dependable power. More than 289,000 women worldwide die
each year due to difficulties associated with pregnancy and
childbirth; many of these deaths could be avoided with improved
lighting and other electricity-dependent medical services (Porcaro,
2019). Therefore, access to dependable electricity can greatly impact
people’s health and wellbeing, especially in terms of reproductive
and children’s health. Increasing access to reliable electric power
through renewable energy technologies could increase access to safe
drinking water, provide clean power for heating and cooking that
would reduce indoor pollution, and provide a variety of
communication tools (such as radio, television, and the Internet)
that can significantly impact efforts to provide healthcare and
combat diseases. Without a reliable source of light and power,
doctors are unable to perform medical procedures or assess
patients at night. Access to reliable power would improve the
ability to provide labor and delivery services—thereby reducing
deaths associated with childbirth—make vaccines more widely
available through refrigeration; and support critical medical
equipment in health clinics.

1 "2019_nigeria”. State of Global air 2019. Health Effects Institute.
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3.4 SDG #4: Ensure inclusive and equitable
quality education and promote lifelong
learning for all

Energy poverty is a challenge faced by both students and teachers
across sub-Saharan Africa, at home and in school. According to
(United Nations Educational Scientific and Cultural Organization,
2022), more than 25 percent of schools in rural areas have access to
electricity in India, while approximately 90 percent of pupils in sub-
Saharan Africa attend educational institutions that lack electricity.
Approximately 190 million students in Cameroon, Nigeria, Liberia,
South Sudan, Central African Republic, Chad, Sierra Leone, and
Malawi (Lindeman, 2022) combined attend schools that do not
have electricity. The inability to access reliable electricity severely
limits teachers’ and students” ability to access and use instructional
supplies and classroom materials, directly contributing to significant
barriers that prevent people from achieving escape velocity from the
clutches of poverty.

Access to electricity supports education by improving household
incomes, which directly affects a family’s ability to afford tuition. In
2010, 11.4 million pupils repeated a primary grade in sub-Saharan
Africa, representing more than one-third of the global total (United
Nations Educational Scientific and Cultural Organization, 2022). In
Rwanda, for example, a lack of reliable electricity has been a major
barrier to education. Many schools in rural areas do not have access to
electricity, which limits the ability of teachers to use instructional
materials and technology. This has led to lower enrollment and
retention rates, as students may be unable to afford tuition or may
be discouraged from attending school due to a lack of resources. In
addition, the lack of electricity can make it difficult for schools to offer
vocational training and other specialized classes that require lab
equipment or other resources. The government of Rwanda has
enforced regulatory and legal reforms to attract private investors
and operators into isolated or standalone grid facilities like isolated
grids operated by Virunga SARL, which was founded by the Virunga
National park’s Virunga Foundation, and received donor funding to
build and operate mini-grids Mutwanga powered by two HPPs of
0.38 and 1.35 MW respectively, and a 13.1 MW HPP at Matebe
serving 5,520 customers (World Bank Group, 2022). This has
greatly increased access to electricity in various regions and has
also encouraged school enrollment for youngsters as ICT and other
lab equipment are being introduced in education. The benefits of
increasing access to electricity in schools also include the ability to use
a variety of ICT technologies, such as computers and the Internet,
which are critical to fully participating in modern society. It also
provides better staff retention and teacher training and generally
increases school performance as students are more motivated to
learn, which reduces truancy and absenteeism.

3.5 SDG #6: Access to clean water and
sustainable sanitation practices

Access to clean water and sustainable sanitation practices is a
critical development challenge in many African countries, as a lack of
access to these basic services can have serious consequences for public
health, economic development, and food security. Coupled with the
impact of climate change, this means that roughly 771 million people
in the world lack access to clean water (Project World Impact, 2022).
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Particularly in sub-Saharan Africa, access to clean water requires
financing, transportation, and even physical labor. The inability to
efficiently meet the growing water demand can lead to food insecurity
(Mehta et al, 2015). Mitigating the global challenge of providing
access to clean water requires a sustainable energy approach,
particularly in rural areas of the country where most households
lack access to clean water. According to (Food and Agriculture
Organization, 2017), agricultural production will increase by
60 percent, causing the demand for water for irrigation to increase
to about 11 percent. In this context, it is important to consider the role
of renewable energy technologies and sustainable sanitation practices
in addressing these challenges and in improving access to clean water
and sanitation for all. One example of a country in Africa that is
addressing the challenge of water access and management through the
use of renewable energy technologies is Senegal. According to the
African Ministers’ Council on Water (AMCOW), approximately 84%
of the Senegalese population has access to improved drinking water
sources, but access is still limited in some rural areas (Weltbanlk, 2011).
To address this challenge, the Senegalese government has
implemented a number of initiatives to increase access to clean
water, including the deployment of solar-powered water pumping
systems in rural areas (International Renewable Energy Agency,
2019b). These systems can help to increase the availability of water
for agricultural and domestic use and can help to reduce the reliance
on fossil fuels, which can be expensive and environmentally damaging.

Another example can be seen in Tanzania, where the Tanzanian
government has implemented water conservation and management
strategies to conserve and manage water resources more effectively,
including through the use of rainwater harvesting and efficient
irrigation systems (Bank, 2017). These systems can help to increase
the availability of water for agricultural and domestic use and can help
to reduce the reliance on fossil fuels, which can be expensive and
environmentally damaging. Addressing the challenge of providing
access to clean water and sustainable sanitation practices in Africa
requires a holistic and integrated approach that considers the role of
clean energy, sustainable sanitation practices, and community
engagement and education. By addressing these issues together, it
is possible to improve water quality and availability and reduce food
insecurity and other development challenges.

3.6 SDG #8: Promote inclusive and
sustainable economic growth, employment,
and decent work for all

Energy is an indispensable force driving all economic activity
(Alam, 2006). Reliable energy could increase production capacity
globally, fostering greater economic growth. Although there is no
one way “when energy is scarce, it imposes a strong constraint on the
growth of the economy, but when energy is abundant, its effect on
economic growth is much reduced” (Stern, 2011). The lack of reliable
electricity makes it impossible for many industries to reach production
capacity. Almost 80 percent of industrial enterprises in Cameroon face
output losses ranging from 16 to 50 percent due to power outages. It
was reported in (Tei Mensah, 2016) that a 1-percent increase in power
outage reduces production in Cameroon by 0.6-1.1 percent.
According to the country’s national electricity demand forecast
(MINEE, 2030), electricity consumption in Cameroon will double
by 2030, and the Ministry of Economy, Planning, and Regional
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Development reports that power outages would reduce Cameroon’s
GDP by 5 percent. Therefore, responding to the urgent need for energy
is a sustainable way to stimulate economic growth through industrial
production. Since energy is needed across all sectors of an economy to
support growth, its productive use is a critical facilitator of income-
generating activities. While access to electricity is not the only factor
affecting economic growth, studies suggest that power usage and GDP
tend to be related, as shown in Figure 2, and access to electricity is
expected to be a major facilitator of economic growth.

Similarly, in Burundi, access to electricity has also been a major
challenge for economic development. According to International
Renewable Energy Agency (IRENA) (“ENERGY PROFILEa), only
about 11.7% of the population had access to electricity in 2020. This
has had a significant impact on the country’s economic growth, as
many businesses and industries are unable to operate at full capacity
due to the lack of reliable power. The government of Burundi has
made efforts to increase access to electricity through initiatives such as
the Decentralized Rural Electrification Strategy (2015-2017) (The
World Bank, 2019), which aims to optimize the social effect of
distributed renewable energy while addressing issues at the
individual, institutional, and policy levels. One major goal is to
facilitate the transfer of knowledge, expertise, and techniques from
academic and research institutions to businesses and community
organizations, allowing their members to better serve the needs of
rural youth and families. The energy value chain is a significant source
of job opportunities. A just energy transition would use people with
various skill sets, degrees of expertise, and backgrounds. Africa’s
economic development rate in 2013 was insufficient to guarantee
fast-growing population
2013). However, the
International Renewable Energy Agency (IRENA) shows that the

sufficient job opportunities for its

(International Labour Organization,
renewable energy sector might provide up to 30 million jobs by

2030 (up from 11 million in 2018) and up to 42 million jobs by 2050.

3.7 SDG #9: Build resilient infrastructure,
promote inclusive and sustainable
industrialization, and foster innovation

Over the past 2decades, electricity has been crucial to
industrial expansion, gaining priority for economic development
among academic researchers and decision-makers (Abbasi et al.,
2022). To prosper economically, a country needs a strong industrial
base, and countries with a strong industrial sector have experienced
relatively high economic growth in the past. Encouraging
sustainable and effective use of natural assets can be greatly
aided by
reconfiguring existing infrastructure systems, and making good

creating new, greener facilities, retrofitting or
use of smart technologies.

Effective, sustainable industrial and innovation strategies must
be accompanied by reliable energy policies and planning (United
Nations Industrial Development Organization, 1984). Indeed, a
country’s industrialization is determined by its rational and
efficient use of energy (Armel et al., 2015). In 2010, 43.5 percent
of the electricity produced in Cameroon was consumed in the
industrial sector when compared with 23 percent and 19 percent in
the residential and public sectors, respectively (Modeste et al.,
2015). This that

industrialization. Furthermore,

indicates energy is a key input to

energy is needed to foster
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innovation as testing and scaling new technology requires
energy. A system to regulate energy use is needed in order to
allow technology start-ups to test concepts, models, and theories
that
industrialization is the basis for the highest projection of energy

help promote innovation. Energy’s key role in
consumption in Africa, as shown in Figure 3.

An example of the importance of energy access in fostering
industrialization in Africa can be seen in Ethiopia, which has made
significant progress in expanding its electricity generation capacity
in recent years. In 2015, the country launched its Growth and
Transformation Plan (GTP), which included a goal of increasing
electricity generation capacity from 2.8 to 4.9 GW by 2020
(“ENERGY PROFILEb). To achieve this goal, the government
implemented a number of initiatives, including the construction
of large hydroelectric dams, the expansion of solar and wind power
generation, and the development of geothermal energy sources.
The results of these efforts have been impressive. By 2019, Ethiopia
had exceeded its GTP target, reaching a generation capacity of over
4.6 GW (“ENERGY PROFILEb). This expansion of electricity
access has had a significant impact on the country’s industrial
sector, with a number of new factories and industrial parks being
established in areas that previously had limited or no access to
electricity. One such example is the Hawassa Industrial Park, which
was established in 2016 with the support of the Ethiopian
government and international investors (World Bank, 2022b).
Located in the southern region of the country, the park has
attracted a number of major international companies, including
H&M, PVH, and the Chinese textile firm Zhongtai. These
companies have been attracted to the park due to its low-cost
labor, favorable investment climate, and access to reliable
electricity. As a result, the park has become a major contributor
to Ethiopia’s economic growth and development, generating over
$500 million in exports in its first 3 years of operation. Similarly, in
Ghana, access to electricity has been a key factor in the country’s
industrialization efforts. The government has implemented a
number of initiatives to increase access to electricity, including
the construction 17 MW solar farm. Because of this initiative, more
Ghanaians now have access to power, which has spawned the
establishment of Meridian Industrial Park, which is home to
around 68 businesses and directly supports the employment of
7,000 people in Ghana (BFT Online, 2021).

In conclusion, the relationship between energy access and
industrialization in Africa is clear. Access to reliable, renewable
energy is an important factor in enabling industrialization and

Through the
implementation of initiatives to increase access to electricity and

fostering innovation in African countries.
the promotion of renewable energy sources, African countries can
create the conditions necessary for economic growth and prosperity.
Countries that have made significant progress in expanding their
electricity generation capacity often experience significant economic
growth and development. Furthermore, access to reliable, renewable
electricity helps to build a healthier, better-educated population that
can support various industries and innovate. By promoting access to
education and better healthcare, countries can build a more resilient
infrastructure that is better equipped to support industrialization and
innovation. Overall, it is important for African countries to prioritize
the expansion of their energy generation capacity and the promotion
of renewable energy sources in order to create the conditions necessary

for economic growth and prosperity.
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Projection of energy consumption in Africa—highest scenario (Pappis et al., 2019).

3.8 SDG #13: Take urgent action to combat
climate change and its impacts

Rapid temperature increases in Europe, the United States, and
other regions of the world are evidence that the consequences of
climate change are being felt all across the globe. As a result, reducing
emissions of greenhouse gases has become an urgent global concern.
In order to reduce emissions, electrification is recommended by
IRENA (Simelane and Abdel-Rahman, 1243); however, this strategy
cannot stand alone and must be linked with renewable energy
production. It is critical for African nations to translate RE policy
into implementation change in light of the fact that many
industrialized nations have set objectives for the total integration of
renewable energy systems into their respective grid networks.
Reducing greenhouse gas emissions is essential to decreasing the
rate of global warming, which makes combating climate change
and its effects an important worldwide concern. Many developed
countries have set targets for fully incorporating renewable energy
systems into their grid networks; for Africa to make a meaningful
contribution to international efforts to mitigate climate change, it
must do the same. Morocco is an example of an African country that is
working to cut emissions and expand its usage of renewable energy.
Morocco plans to generate 52% of its power from renewable sources
by 2030 (Simelane and Abdel-Rahman, 1243), as stated by the
International Renewable Energy Agency (IRENA). The government
of Morocco has undertaken a variety of programs to this end, such as
the construction of large-scale solar and wind projects and the
installation of decentralized renewable energy systems in rural
communities (Simelane and Abdel-Rahman, 1243). In addition to
lowering its carbon footprint, Morocco is strengthening its energy
independence and decreasing its dependence on fossil fuels by
boosting the use of renewable energy sources.

Similarly, Nigeria relies on fossil fuels for its electricity needs. To a
large extent, Nigeria did not begin tapping its renewable resource
potentials until quite recently. As a result, Nigeria would have a more
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difficult time meeting its 2020 and 2030 renewable energy targets than
will several other ECOWAS Member States. One-sixth of Nigeria’s
electricity supply is expected to come from renewables by 2030, under
the country’s National Renewable Energy and Energy Efficiency Policy
2015 (ICREEE, 2015). Although there has been a rise in the use of
renewable energy in recent years, significant increases in deployment
over the next decade will be necessary to reach the target. The Energy
Commission of Nigeria (ECN) released a draft analysis and modeling
in 2012 demonstrating how to achieve the 16% renewables aim by
2030 as part of the Nigerian Renewable Energy Roadmap (ICREEE,
2015). Insight into the document’s meaning is provided by these
findings. Small hydropower (7.07%), solar (5.90%), biomass (2.78%),
and wind (0.25%) all make up less than 5% of total electricity
consumption. Hence it is possible to meet the goal of delivering
16% renewable energy by 2030 with domestic activity. These
percentages are not a limit on Nigeria’s ambition but rather a
depiction of how the country may achieve its 16% renewable
energy goal. Changes in the energy industry and advances in
technology mean that the relative importance of different industries
may shift over time. Nigeria is committed to meeting its renewable
energy goals, and the federal government is putting in place the
framework and launching the necessary programs to make that
happen.

Another example is Egypt as it plans to use renewable energy
sources more extensively and lessen its dependency on fossil fuels.
Hydropower accounted for 2.8 GW of the country’s built renewable
energy capacity in 2020, while solar and wind energy each accounted
for around 0.9 GW (Renewable Energy Agency, 2018). The ISES to
2035 reports that Egypt’s government has set lofty goals to expand the
share of renewable energy in the country’s electrical mix, with the
objective of 20% by 2022% and 42% by 2035 (Renewable Energy
Agency, 2018). The Egyptian government has established a feed-in
tariff program, established a national renewable energy fund, and
developed large-scale renewable energy projects like solar and wind
farms in order to meet these objectives.
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4 Conclusion

This study highlighted the importance of a just and inclusive transition
in the move towards clean energy in Africa. Achieving a just energy
transition in Africa requires a comprehensive policy framework that
ensures that the most vulnerable and marginalized groups are not left
behind. This includes considering the needs and perspectives of countries
that currently rely heavily on fossil fuels, as a complete transformation
from fossil-based energy production and consumption systems to
renewable energy sources could create economic hardship. To
overcome the multiple challenges faced by Africa and create economic,
environmental, and social benefits for marginalized groups and vulnerable
individuals, it is essential that the global and local challenges of energy
security, economic growth, and affordable access are considered in the
clean energy transition. This includes addressing the issue of climate
change and formulating and implementing inclusive policies that do not
jeopardize the wellbeing of groups most vulnerable to its impacts.

To ensure that efforts to transition to clean energy are effective and
sustainable, it is important for policymakers to base their decisions on
evidence and the experiences of individuals and communities. This
requires a thorough understanding of the socio-economic conditions of
the African continent and the specific needs and challenges faced by
different countries and regions. In order to effectively address the global
issue of climate change and the local environmental problems faced by
Africa, a planned energy transition strategy must take into account the
current socio-economic conditions of the continent and the specific needs
and perspectives of countries that depend mainly on fossil fuels. This will
ensure that the transition to clean energy is equitable and inclusive, and
that it benefits all members of society. In summary, it is clear that the
transition to clean energy in Africa requires a comprehensive and inclusive
approach that considers the needs and perspectives of all stakeholders,
including marginalized groups and vulnerable individuals. By ensuring
that this transition is just and equitable, it is possible to create economic,
environmental, and social benefits for all members of society.
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Abstract: The escalating pace of migration and urbanization in Nepal has triggered profound
alterations in land use practices. This event has resulted in a considerable diminution of ecological
diversity and a substantial decline in the potential for carbon sequestration and other ecosystem
services, thereby impeding climate change mitigation efforts. To address this, a comprehensive
assessment of land use change and carbon storage was conducted from 2000 to 2019 and forecasted
to 2050 in Nepal. Employing the Markov chain and InVEST models, this study evaluated the loss
and gain of carbon, elucidating its economic value and spatial distribution. The findings revealed
that carbon storage in 2000 and 2019 were 1.237 and 1.271 billion tons, respectively, with a projected
increase to 1.347 million tons by 2050. Carbon sequestration between 2000 and 2019 amounted to
34.141 million tons, which is anticipated to surge to 76.07 million tons from 2019 to 2050, translating
to economic valuations of 110.909 and 378.645 million USD, respectively. Forests emerged as pivotal
in carbon storage, exhibiting higher carbon pooling than other land use types, expanding from 37%
to 42% of the total land area from 2000 to the predicted year 2050. Notably, carbon distribution was
concentrated in parts of the terai and mountain regions, alongside significant portions of the hilly
terrain. The findings from this study offer valuable insights for governing Nepal and REDD+ in
developing and implementing forest management policies. The results emphasize the importance of
providing incentives to local communities judiciously to promote effective conservation measures.

Keywords: carbon distribution; ecological diversity; ecosystem services; forest; local communities;
mitigation

1. Introduction

Carbon storage is about where and how carbon is retained in various reservoirs for
long time periods, which can occur naturally or through human intervention, while carbon
sequestration focuses on the process of actively capturing atmospheric CO, and storing it
in these reservoirs [1]. Forest ecosystems, such as tropical, temperate, and boreal forests,
are essential to the global carbon cycle. Collectively, they contain about 85% of the world’s
terrestrial aboveground biomass (AGB) [2]. These forests, rich in biodiversity, are substan-
tial carbon reservoirs, contributing to approximately 40% of the global aboveground carbon
pool. Research has indicated that tropical forests alone store between 250 and 300 gigatons
of vegetation carbon, with a significant portion, approximately 200 gigatons, present in
AGB [3/4]. Understanding the dynamics of biomass, which encompasses all organic matter
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above ground, is crucial for gauging how these ecosystems mitigate atmospheric carbon
dioxide [5]. Effective management of these forests enhances their ability to absorb CO,
incorporating it into the biomass and subsequently enriching the soil. In this context, the
carbon cycle involves several key storage pools, including soil organic carbon (SOC), dead-
wood carbon, AGB, and belowground biomass (BGB), each of which plays a significant role
in carbon sequestration and the overall health of the ecosystem [6-8]. Carbon released from
these pools is reabsorbed by vegetation, highlighting the importance of efficient carbon
management [9,10].

Initiatives such as the Green India Mission and REDD have been implemented glob-
ally to reduce CO, emissions. The Clean Development Mechanism under the UNFCCC
promotes carbon sequestration through afforestation and reforestation. Meanwhile, REDD+
focuses on reducing emissions from deforestation and enhancing forest carbon stocks,
demonstrating the critical role of forestry in mitigating climate change [11].

Recent studies have highlighted the viability of afforestation as a climate policy,
indicating it as a highly effective alternative to combating the consequences of deforestation.
Afforestation not only addresses the root cause but also offers a sustainable solution for
carbon management [12,13]. The carbon cycle, which involves various storage pools, such
as vegetation and firewood plantations, plays a critical role in this context. This cycle,
detailed by researchers such as in [14,15] involves the release and reabsorption of carbon,
which is influenced by land use changes. Hernandez-Guzman et al. in 2019 [15] analyzed
land use and land cover (LULC) changes in a hydrologic basin in Mexico and their effects
on carbon storage. We projected LULC changes up to 2050 and used the InVEST model for
carbon storage estimation by employing unsupervised classification of Landsat images and
cellular automata Markov (CA-Markov) chain modeling. They found significant landscape
modifications, particularly an increase in exposed soils and a decrease in evergreen and
tropical dry forests, leading to a reduction in carbon stock from 362.9 Tg C in 1986 to an
expected 317.9 Tg C in 2050 [15]. Chen et al. [3] studied the dynamics of ecosystem services
(ESs) in response to urbanization in China’s Yangtze River Economic Belt. They used the
future land use simulation (FLUS) model to simulate short-, medium-, and long-term land
use changes and assessed six ESs under different land use scenarios. The study found
intensive urban sprawl and a decrease in cropland, leading to declining trends in all ESs
except a few under one scenario. This study highlights the impact of urbanization on ESs,
including carbon storage, which is expected to decline by 1.95-6.781% [3]. These studies
collectively showed the importance of strategic land management and afforestation in
enhancing carbon sequestration and mitigating climate change.

In addition, Zhao et al. [16] evaluated the impact of ecological engineering on carbon
storage in the semiarid northwestern region of China. They simulated land use/cover
changes following ecological engineering programs and assessed their impact on carbon
storage by linking the CA-Markov and InVEST models. The results indicated an increase
in carbon storage by 10.27 Tg from 2015 to 2029, with a relative error of 0.22% in the
linked model, indicating its high applicability in such assessments [16,17]. Focusing on
the semiarid region of Sergipe, Brazil, the study highlights that deforestation and land
degradation significantly reduced carbon stock, while restoration efforts can provide
substantial carbon sequestration benefits. This research investigates the economic and
environmental importance of preserving and restoring natural ecosystems [17]. Zhang
et al. [18] investigated the effects of rapid urbanization in Shanghai, China, revealing
a substantial decline in carbon stock due to the conversion of forested and agricultural
lands into urban areas. The study outlines the critical role of urban green spaces and
adaptative management in encountering the negative impacts of urban expansion on carbon
emission. The investigation into wetland changes in China’s coastal urban agglomerations
demonstrates the fluctuating carbon storage trends and the effectiveness of ecological
protection in enhancing carbon sequestration [19]. Hoque et al. analyzed forest plantations
in coastal Bangladesh, revealing significant increases in regional carbon storage due to the
expansion of mangrove areas under different land management strategies. The study also
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highlighted the trade-offs between carbon storage and food supply, emphasizing the need
for balanced land use policies to address both climate adaptation and food security [20].
These studies employed the CLUE-S, CA-Markov, and InVEST models and collectively
highlighted the critical need for sustainable land use planning and the adoption of multi-
faceted strategies to improve carbon sequestration and achieve environmental goals using
the CLUE-S, CA-Markov, and InVEST models.

A study in the Sariska Tiger Reserve highlights the necessity of integrating ecological
and economic valuation in land management, with improved conservation scenarios
significantly reducing carbon loss [21]. In addition, Saha et al. evaluated the biophysical and
economic values of ESs in the Sundarbans Biosphere Region, India. They used Net Primary
Productivity models, InVEST, and CA-Markov to assess the impact of climate change and
land use dynamics from 1982 to 2045. The study observed significant variations in ES
values, with the highest values in habitat service, nutrient cycling, and gas regulation. The
study found that regulating services were most affected by land use and climate change [22].
Verma et al. assessed carbon sequestration mapping and its economic quantification in the
Askot Wildlife Sanctuary, Western Himalayas. They employed a novel approach combining
machine learning and spatial-temporal techniques for LULC simulation with the InVEST
model. The study revealed significant economic losses owing to rapid forest cover decline,
highlighting the importance of conservation strategies for forested landscapes [23].

Various methodologies exist to enhance the accuracy of carbon storage assessments,
encompassing techniques such as biomass assessment, stock volume analysis, chamber
measurements, and sampling methodologies. However, these methods face significant
challenges in portraying carbon storage dynamics across large spatial areas over prolonged
periods [24]. This study introduces a unique approach by combining the INVEST model
with CA-Markov, offering an innovative technology for spatial representation, dynamic
analysis, and quantitative evaluation of ESs [24]. Recent studies have witnessed the
integration of various LULC simulation models, such as the multilayer perceptron (MLP)
neural network-Markov chain [25], SD-CLUE-S [26], Logistic-CA-MC [27], FLUS [28],
and the PLUS model [29], with the INVEST model. These integrated models are reliable
techniques for assessing the impact of climate and LULC changes on ecosystem carbon
storage. The INVEST model’s carbon module primarily relies on land use data from key
sources, making it well suited for large landscapes and extended time series. The precision
of the InVEST model outcomes depends on the accuracy of the LULC maps used in the
base and predicted years. CA-Markov in Terrset demonstrates a higher accuracy and is
user-friendly in presenting LULC maps for current and projected years compared with
other LULC simulation models.

Land use changes, along with forest and soil degradation, contribute to increased
greenhouse gas emissions. Nepal, with its highly fragile ecosystem, faces significant chal-
lenges related to forest and soil degradation and carbon sequestration [30]. This issue
warrants deep analysis due to its severity. Over the past few decades, both anthropogenic
and natural impacts have continually altered land use and land cover in Nepal [31]. Agri-
culture is the primary economic activity, and rural populations heavily depend on forest
resources for fuelwood and timber. The mountainous and hilly regions are particularly
sensitive to land use and land cover changes, even with minimal human interference [31].
Since the 1970s, land use change trends in Nepal have accelerated due to population growth,
leading to the conversion of significant forest areas into agricultural land and built-up
area [32]. Recent studies indicate that forests accounted for 44.47% of total land area in
2018. Agricultural land expanded rapidly from 1910 to 2010 but has slightly declined since
2010 due to rapid urban expansion [33].

The application of the INVEST model integrated with CA-Markov in Nepal is limited.
Rimal et al. [34] applied the InVEST model within a confined geographical area, specifically
the Koshi River basin, incorporating a support vector machine approach. Similarly, Bastola
et al. [35] employed the INVEST model in the Bagmati River basin for water yield analysis.
However, these studies are unable to present a comprehensive overview of imminent land



Sustainability 2024, 16, 7377

40f19

use change and carbon storage across the entire country, encompassing future predictions
and economic valuation of sequestered carbon. To address this gap, the current study
provides a holistic perspective by presenting total carbon storage and sequestration from
2000 to 2050, including economic values and the spatial distribution of carbon storage
throughout the nation using the InNVEST model coupled with CA-Markov of TerrSet for
the prediction of land use change. This research segments the study area into three regions
with alike features for higher accuracy and refines the results through averaging the carbon
densities of similar studies of comparable regions. This technique both reinforces the
findings and highlights the advanced methodology employed in this study. With Nepal
setting ambitious net-zero emission targets for 2050, this research emerges as an informative
tool for the government, assisting in the development of policies for effective land use
management and the strategic allocation of incentives to local communities for sustainable
forest management.

Furthermore, the comprehensive analysis of carbon sequestration, economic analysis,
and presenting models of this study are beneficial for global policymakers in the realm of
carbon trading. This study employs specific carbon and discount rates that are particularly
relevant for countries with economies characteristics similar to Nepal, enabling them
to assess their carbon outputs and thus facilitating their entry into international carbon
markets. It proposes a plan for sustainable land management and climate change strategies
that aim to strike a balance between environment protection and economic growth. This
approach influences global environmental management policies and supports equitable
economic development through engagement in international carbon markets.

2. Materials and Methods

The evaluation of carbon sequestration in Nepal encompassed the prediction of land
use using CA-Markov of Terrset IDRISI, the tabulation of the carbon density of each land
use type, and the measurement of carbon loss and sequestration through the application of
the InVEST model. The research framework of this study is shown in Figure 1.
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Figure 1. A conceptual framework showing the steps involved in this study.



Sustainability 2024, 16, 7377

50f19

2.1. Model Description
2.1.1. InVEST Model

Materials developed collaboratively by Stanford University, the University of Min-
nesota, the Nature Conservancy, and the Worldwide Fund for Nature (WWF), the InVEST
model encompasses four modules for assessing terrestrial ESs. These modules focus on
soil conservation, water retention, carbon storage, and biodiversity assessment, provid-
ing a comprehensive measurement of regional Ess [24]. Specifically, the carbon storage
model within INVEST combines four distinct pools: aboveground biomass carbon, below-
ground biomass carbon, dead organic carbon, and SOC, each assigned to various LULC
categories [36]. The formula for calculating the total carbon storage in Nepal is articulated
as follows [8,24]:

Ctotal = Cavove + Crelow + Csoit T Cdead. (1)

where Cy,, is the total carbon storage, Cgpore is the aboveground carbon storage, Cpeiorp
is the underground carbon storage, Cs,; is the soil carbon storage, and Cy,,y is the dead
organic matter carbon storage.

Based on the carbon pooling and land use data, the carbon storage of each land use
type in Nepal is calculated as follows [24]:

Crotali = (Cabovei + Cretowi + Csoiti + Cdeadi) X Aj, 2)
where i is the average carbon density of each land use and A; is the area of this land use.

2.1.2. CA-Markov Model

The CA-Markov chain model was used to forecast land use changes over different
periods. This model stands out as a reliable method because of its efficient algorithm, which
is particularly adept at eliminating any ambiguities in land use transfer [37]. This model
comprises four integral components: cells and cell states, neighborhood, and conversion
rules. The cell, which is the smallest computational unit, is instrumental in the model, with
the cell state representing the category assigned to each cell. The neighborhood aspect
pertains to the conversion state of the current cell, whereas the conversion denotes the
specific rule in which the cell transforms. The general CA model formula is as follows [36]:

S(t+1) :f(s(t)/ N), ©)

where S is a finite and discrete state set of cells; N is the neighborhood of the cell; t and t + 1
represent two different moments; and f is the state transition rule.

Markov models perform matrix analysis within random time series through math-
ematical modeling, projecting the likelihood based on the existing state and evolving
trends in LULC. The formulation of the Markov model can be articulated by the following
formula [36]:

Ap=Ap1 X Pij/ (4)

where A, and A, are the spatial distribution states of land use at two moments, and P;; is
the state transition probability matrix, which is calculated as follows [38]:

Pin P Py .
P=Pj=|Pn Pn Puw|, ), Pi=1 6)
Pnl Pn2 Pnn

In the given formula, P represents the matrix of Markov transitions, where i and j
denote the categories of LULC for the initial and successive timeframes, respectively. The
variable “n” represents the number of LULC classes, and Pj; signifies the probability or
likelihood of a specific type of land transitioning from one LULC category to another.
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2.2. Study Area

Nepal is rich in a remarkable diversity of ecosystems, spanning from low-lying flat-
lands at 59 m above sea level (masl) to towering mountains reaching 8849 masl with
geographical coordinates ranging from 26°20'53" to 30°26'51” N in latitude and from
80°03'30" to 88°12'05” E in longitude [39]. The predominant hilly and mountainous re-
gions of Nepal play crucial roles as carbon sinks. Notably, community forests, extending
from lowlands to high mountains, are exemplary models for carbon sequestration in South
Asia. The study area was classified into three distinct parts [40]: terai (flat land), hill, and
mountain, reflecting the highly heterogeneous environment and the significant variation
in carbon density, particularly in forested areas across these regions. The major land use
types in Nepal include forest, cropland, grassland, snow /glacier, wooded land (shrubland),
barren land (sand, gravel, and rock), lakes and rivers, and built-up areas [31]. Among these
land use types, forest covers approximately 39.1%, followed by cultivated lands at 29.83%,
and grassland at 7.90%. The remaining land is covered by wooded land (shrub land),
lakes, rivers, snow/glaciers, and built-up areas [41]. The common soils in the Tarai and
Middle Mountain physiographic regions are Entisols, Inceptisols, Alfisols, and Mollisols.
In contrast, the Siwaliks and High Mountain regions are predominantly covered with
Entisols and Inceptisols. The High Himalayan region is characterized by the prevalence of
Inceptisols and Spodosols, alongside rock outcrops [42]. The total population of Nepal is
29,164,578 [43]. A visual representation of the study area is shown in Figure 2.

160 320
Kilometers

Figure 2. Geographical distribution of the study area.
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2.3. LULC Map Preparation

This study employed the LULC map of Nepal created by ICIMOD, featuring a grid
size of 30 m X 30 m. The ICIMOD map originally included 11 land use classes. In our
research, we reclassified the map, merging snow and glaciers into a single category called
snow /glacier and combining riverbed, bare soil, and bare rock into the category of bare
land. The final map used in this study comprises the following land use types: wooded land
(shrub land), waterbody, agricultural land, built-up area, forest, snow/glacier, grassland,
and bare land.

The ICIMOD map is noted for its high accuracy, which is attributed to the use of a
regional land cover monitoring system. This approach addresses challenges such as limited
data accessibility, lack of transparency in data collection methodologies, and inconsistencies
in land cover classification. The ICIMOD map stands out for its yearly generation of high-
resolution land cover data for the Hindu Kush Himalaya region. Moreover, it employs
a cloud-based machine learning system to generate the land cover map, validating its
accuracy through extensive field monitoring [44].

2.4. LULC Map Prediction for 2050 Using CA-Markov in TerreSet

The prediction of future land use dynamics in Nepal was performed using the CA-
Markov environmental simulation model, available in the Terrset 2020 version 19.0.8. This
model’s prediction process involved three fundamental steps: (1) change analysis and
land use transition, (2) transition potentials, and (3) change demand modeling using the
Markov chain.

Change analysis and land use transition were conducted using the Land Change
Modeler within Terrset, using LULC maps, elevation maps, and road layers from 2000
to 2010 in the study area. The inputs were prepared in ArcGIS 10.5 and converted into
the IDRISI format. A threshold of 5000 ha was set to ignore transitions below this value,
resulting in a transition map illustrating 42 transitions from one land class to another
between 2000 and 2010.

The study area, encompassing flat land, hills, and mountain regions, experienced
LULC changes influenced by driver variables, such as slope, elevation, distance from the
river [45], distance from the road [46], distance from settlement [47], and distance from
transmission lines [48]. Cramer’s V values were calculated for all variables, and those with
low values were also included. The MLP neural network was employed for the transition
sub-model, as it is an artificial neural network capable of handling nonlinear relationships
without user intervention.

The final step in land use prediction involved the use of a Markov chain for change
demand modeling. All sub-models, including the MLP neural network, were integrated
to produce a single map for the predicted year. Initially, LULC maps for the years 2000
and 2010, prepared by ICIMOD, were employed to simulate the LULC map for 2019. This
simulation was then compared with the ICIMOD-prepared map for 2019, which is known
for its high accuracy, attained through comprehensive field survey validation. Once a high
accuracy was achieved between the predicted and observed maps, the model was extended
to predict the LULC map for 2050. The Markov chain method applied in this study relies
on the conditional probability of past and present transitions, employing a soft prediction
modeling approach with a logical “OR” aggregation type.

2.5. Assessment and Prediction of Carbon Sequestration Using the InVEST Model

In the assessment of carbon sequestration using the InVEST model, land use maps of
Nepal were categorized into three regions—terai, hill, and mountain—using ArcGIS. The
carbon pooling table for each land use type in these regions was constructed based on the
IPCC guidelines [49] and relevant literature [21,34,35]. Table 1 presents carbon pools in
AGB, BGB, SOC, and dead wood carbon across different classes of the LULC map.
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Table 1. Carbon pool estimated (Mg/ha) for the INVEST model.
LULC Code LULC_Name C_Above C_Below C_Soil C_Dead
1 Waterbody 0 0 0 0.01
2 Snow 0 0 0.01 0
Forest (Terai) 77.88 26.12 33.66 6.95
3 Forest (Hill) 66.42 21.14 59.01 2.97
Forest (Mountain) 114.27 38.09 114.03 2.97
4 Baresoil 3.6 4 10 0
5 Built-up 5 1 5 0
6 Agriculture 3.95 2 6.6 1
7 Grassland 0 0 84.9 0
8 Wooded land 13.3 5.15 27.24 2.54

The carbon trade agreement between the government of Nepal and the World Bank,
which valued carbon at USD $5 per ton, was integrated into the study to incorporate
economic considerations. The economic analysis employed a market discount rate of 3%,
and the annual rate of change in the carbon price was assumed to be zero, drawing from
the information obtained from [21].

This study spanned two-time intervals: 2000-2019 and 2019-2050. For the initial
period (2000-2019), the LULC map for the base year 2000 was used, with the predicted
year being 2019. Similarly, for the subsequent interval (2019-2050), the initial year was
2019, and the predicted year was set to 2050. After inputting all necessary information into
the InVEST model, the simulation was executed, generating an output map that was then
imported into ArcGIS to extract the required information. The model presents the carbon
storage data for the years 2000, 2019, and 2050, utilizing information from the land use map
and carbon pool table. Net carbon sequestration for the periods 2000-2019 and 2019-2050
was determined by calculating the difference in carbon storage between 2000 and 2019, and
between 2019 and 2050, respectively, using the INVEST model.

2.6. Spatial Distribution and Cluster Characteristics of Carbon Storage

In ArcGIS, the carbon storage maps for Nepal’s terai, hill, and mountain regions
were merged to create a comprehensive raster map covering the entire country. This map
delineates carbon storage for the years 2000, 2019, and 2050, employing a grid size of
30 m x 30 m. The map was subjected to natural breaks (Jenks) classification to enhance
interpretability, resulting in six distinct classes. These classes are defined as follows: “no
carbon” for areas with 0 tons, “very low” for those within the 0-1.16 tons range, “low”
for 1.16-3.95 tons, “moderate” for 3.95-8 tons, “high” for 8-12.9 tons, and “very high”
for 12.9-24 tons. This classification schema offers a detailed depiction of carbon storage
dynamics across Nepal, facilitating a nuanced analysis of carbon distribution patterns for
the specified years.

This study employed Global Moran’s I to characterize the spatial differentiation of
carbon storage in the study area, using the following formula [24]:

[ nYiq Yisq wij (xi —X)(xj — X)
Yt D wiig (i — %)

(6)

where wj; is the spatial weight, x is the attribute mean, x; and x; are the attribute values of
elements i and j, respectively, and # is the number of cells. The correlation is considered
significant when |z > 1.96 corresponds to a 95% confidence level in hypothesis testing
using the standard normal distribution. This statistical approach provides insights into
the spatial patterns and characteristics of carbon storage, helping to discern significant
correlations within the study area.
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3. Results
3.1. LULC Mapping and Prediction

In Figure 3, the distribution of land classes is presented for the years 2000, 2019, and the
projected year 2050. In 2000, forest land covered the largest area at 55,702.51 km? (37.54%),
followed by agriculture land at 39,618.94 km? (26.7%) and grassland at 19,889.78 km?
(13.4%). In 2019, the trend continued with forest covering 58,306.22 km? (39.3%), agriculture
land covering 36,440.35 km? (24.56%), and grassland covering 18,979.76 km? (12.79%). Pro-
jected for 2050, forest land is expected to cover the largest portion at 62,062.05 km? (41.83%),
followed by agriculture land at 38,371.04 km? (25.86%) and bare land at 18,898.57 km?
(12.74%). Waterbodies consistently occupy the smallest area, less than 1%, whereas wooded
land slightly decreases from 2.19% to 2.02%, as shown in Table 2. Similarly, the dynamics
of land use changes during the 2000-2019 interval and the projected 2019-2050 interval are
presented in Table 2. In the past time interval, the snow/glacier land use type experienced
a 2.25% increase, followed by a 5.12% decrease in the projected time interval, showcasing
a consistent trend. The built-up area demonstrated minimal change over both intervals.
Conversely, bare land and agricultural land witnessed a decrease of 1.58% and 2.15% in
the past, only to increase by 4.44% and 1.3%, respectively, in the projected period. Notably,
the forest area exhibited growth in both time intervals, with a 1.75% increase in the past
and a more substantial 2.53% increase in the projected period. These observations pro-
vide insights into the dynamic nature of land use changes, reflecting historical trends and
anticipated shifts in the landscape over specified timeframes.

(A) LULC 2000 (C) LULC 2050

(B) LULC 2019

LULC_TYPE
B ooded_land
- Water_body
D Agrculture_land
B suitup_area .
I Forest
- Glacier/Snow N

B Grssiand 0 50100 200 300 400
B sarelend S —— Kilometers

Figure 3. Historical and future projection maps of land use and land cover changes over time.
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Table 2. Area-wise distribution of land use and land cover change over time intervals.

Year 2000 Year 2019 Year 2050 Change (%)
LULC Type
Area (km?) Area (%) Area(km?) Area(%) Area(km2?) Area(%)  2000-2019  2019-2050

Waterbody 505.34 0.34 541.36 0.36 477.65 0.32 0.02 —0.04
Snow /Glacier 9793.64 6.6 13,134.41 8.85 5437.79 3.66 2.25 —-5.19

Forest 55,702.51 37.54 58,306.22 39.3 62,062.05 41.83 1.76 2.53

Bare land 14,643.18 9.87 12,304.31 8.29 18,898.57 12.74 —1.58 4.45
Built-up area 4974.9 3.35 5471.52 3.69 5079.38 342 0.34 —0.27

Agriculture land ~ 39,618.94 26.7 36,440.35 24.56 38,371.04 25.86 —2.14 1.3
Grass land 19,889.78 13.4 18,979.76 12.79 15,055.89 10.15 —0.61 —2.64
Wooded land 3251.26 2.19 3201.64 2.16 2997.2 2.02 —0.03 —0.14

3.2. Accuracy Assessment for Model Validation

The accuracy assessment involved a comparison between the predicted land use map
and the LULC map prepared by ICIMOD, which is widely acknowledged for its high
accuracy. Using the base year’s LULC map of 2000 and the present year’s map of 2010,
the LULC map for 2019 was predicted through the integration of the MLP-Markov chain
analysis (MLP-MCA) method. This projected map was then compared with the ICIMOD’s
validated map for 2019 for model validation, resulting in an overall average accuracy of
90.4%. The accuracy of the model for individual land use types was 98.7% for forest areas,
94.7% for agricultural land, 99.4% for grassland, and 71.3% for the snow /glacier land use
type, as illustrated in Figure 4.

= Water_body
Snow/Glacier

= Forest
Bareland

= Builtup

= Agriculture

= Grassland

Wooded land

Figure 4. Accuracy of predicted model for individual land use types.

3.3. Carbon Storage and Sequestration in Nepal

Table 3 offers a comprehensive overview of carbon storage and sequestration in
Nepal’s diverse landscapes across different land use types for three distinct years. Figure 5
visually depicts the rate of change in carbon storage over specified time intervals. In 2000,
the total carbon storage stood at 1.237 billion tons, increasing to 1.271 billion tons in 2019
with a projected rise to 1.347 billion tons in 2050. Forests play a crucial role, contributing
significantly with carbon storage of 927 million tons in the initial year, 985 million tons in
2019, and an expected 1047 million tons in 2050. Grasslands follow suit, with approximately
149 million tons in 2000, 120 million tons in 2019, and an estimated 115 million tons in
2050. Agriculture land stored 69.4 million tons in 2000, 67.07 million tons in 2019, and an
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anticipated 73.05 million tons in 2050. Notably, carbon storage in forests increased by 6.3%
from 2000 to 2019, whereas grasslands experienced a 19.9% decrease, and agricultural land
witnessed a substantial 3.4% decrease in carbon storage during the same period. Looking
ahead to the 20192050 period, forest and bare land storage are anticipated to grow by
6.2% and 50%, respectively. Waterbodies and snow /glacier land types exhibit low carbon
storage, each holding less than 7.6 million tons of carbon. Waterbodies display a 5.7%
increase from 2000 to 2019 but a 51% decrease for 2019 to 2050, whereas snow/glacier
storage increases by 26.9% and decrease by 21.9% in the respective periods. Bare land and
built-up areas had storage of 48.4 and 16.2 million tons, respectively, in 2000, and projected
increases by 50% and decrease by 10.1% in 20192050, expected to reach 60 and 26.1 million
tons, respectively.

WOODED LAN-
W
CROPLAND'-
sare Lans IR
FOREST -
snow, (2o
— ® Rate of change (2019-2050)

= Rate of change (2000-2019)

Figure 5. Proportion of change in carbon storage over different periods.

Between 2000 and 2019, total carbon sequestration was 34.141, which will be increased
to 76 million tons in the projected 2019-2050 period, a remarkable increase. Bare land and
cropland initially experienced decreases but are anticipated to rebound in 2019-2050. The
carbon sequestration in both time intervals is positive at 58.2 million and 61.4 million tons
in forest, which is major source of atmospheric carbon sequestration.

Table 3. Total carbon storage and sequestration in Nepal at different time intervals.

Carbon Carbon Carbon Carbon Carbon
LULC Type Storage_2050 Storage_2019 Storage_2000 Sequestration Sequestration
(Tons) (Tons) (Tons) (2019-2050) (Tons)  (2000-2019) (Tons)
Waterbody 338,242.8 690,891 653,862.6 —352,648.2 37,028.4
Snow /glacier 6,000,000 7,685,170.9 6,055,617.5 —1,685,170.9 1,629,553.4
Forest 1,047,090,863 985,614,088 927,336,647 .4 61,476,774.5 58,277,440.6
Bare land 60,000,000 40,000,000 48,489,857.6 20,000,000 —8,489,857.6
Built-up area 26,112,506.3 29,049,802.2 16,266,090.9 —2,937,295.9 12,783,711.3
Cropland 73,052,858.3 67,079,110 69,452,611.8 5,973,748.3 —2,373,501.8
Grassland 115,000,000 120,000,000 149,822,066.6 —50,000,00 —29,822,066.6
Wooded land 19,710,590 21,115,590 19,016,129.4 —1,405,000 2,099,460.6
Total 1,347,305,060 1,271,234,652 1,237,092,884 76,070,407.8 34,141,768.3

3.4. Economic Loss and Gain from Carbon Sequestration

Figure 6 outlines the economic valuation of overall carbon sequestration in Nepal for
two distinct periods, calculated by summing the loss and gain of carbon in three regions:
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Terai, Hill, and Mountain. The total price of sequestered carbon in the 2000-2019 interval
was 110.9 million US dollars, projected to increase more than threefold to 378.64 million US
dollars in the 2019-2050 interval.
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Figure 6. Economic valuation of sequestrated carbon over different periods.

3.5. Spatial Distribution of Carbon Storage in Different Years

A 30 m x 30 m grid was employed to create a carbon storage map in Nepal, ranging
from 0 to 24 tons per grid cell. Carbon storage was categorized into classes ranging from
“no carbon” to “very high carbon” using natural breaks (Jenk) classification in ArcGIS.
Specifically, the classification scheme was as follows: 0 tons as no carbon, 0-1.16 tons as very
low, 1.16-3.95 tons as low, 3.95-8 tons as moderate, 8-12.9 tons as high, and 12.9-24 tons as
very high. Over the years 2000 to 2050, areas with very high carbon storage were prominent
in the Chure range, hills, and mountains (excluding snow and glaciers). Land use changes
were evident, with regions initially high in carbon storage shifting to moderate and low
in 2019, projected to return to high in 2050. Notably, areas with very low carbon storage
were predominantly found in agricultural lands in the terai and hilly regions, as shown in
Figure 7.

(A) Carbon storage in 2000

o (C) Carbon storage in 2050

(B) Carbon storage in 2019
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Figure 7. Spatial distribution of carbon storage in different years.
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3.6. Spatial Cluster Characteristics of Carbon Storage

The carbon storage maps of 2000, 2019, and 2050 were gridded with a grid size of
30 m x 30 m, and the Moran’s I index at the grid scale was calculated (Table 4). The
Moran’s value was greater than 0.4, p < 0.001 in all three years, indicating a significant
spatial positive correlation and spatial cluster effect in the distribution of carbon storage in
the study area. The significantly high Z-score of Z > 332, along with the low p value for
study years, strongly supports the rejection of the null hypothesis of spatial randomness
for carbon storage. In essence, the carbon storage map exhibits a robust and meaningful
spatial structure, with carbon storage values displaying a notable tendency to spatially
coalesce rather than being randomly dispersed across the landscape.

Table 4. Global Moran’s I of carbon storage in different years.

Year Moran’s 1 Z p

2000 0.4444 336.19 0.00
2019 0.454 343.46 0.00
2050 0.4392 332.24 0.00

4. Discussions

Compared to prior research, our study observes a prevalent use of the CA-Markov
chain for land use change prediction, coupled with InVEST models for carbon sequestration,
as it consistently yields highly accurate results [16,20,23,50,51]. However, alternative stud-
ies [18,22] have employed CLUE-S and MOLUSCE for land use prediction. Notably, driver
variables play a crucial role in predicting land use. For instance, ref. [21] incorporated ele-
vation, slope, distance from roads, and distance from urban areas, whereas [17] considered
factors such as distance from roads, water bodies, city headquarters, and conservation
unit distances. In our study, we incorporated distance from roads, rivers, settlements,
slope, elevation, and transmission lines, a factor particularly pertinent to Nepal. During
disturbance factor selection, some studies [21] excluded factors with Cramer’s V values
below 0.15. We included disturbance factors with values higher and lower than 0.15 owing
to our larger study area, aligning with the approach of others [23,52].

Investigating carbon sequestration within diverse land use types in the natural land-
scape represents a pivotal approach to conserving and managing natural resources, given
its inherent role as a natural regulatory process [16,21]. The assessment of sequestered car-
bon, coupled with future projections, serves as a tangible indicator of national commitment
to mitigating atmospheric carbon emissions. Studying the total carbon stock and projecting
its future levels is crucial for the effective management of landscape based ESs and the
development of strategies to achieve the government of Nepal’s target of zero emissions
by 2050. Additionally, spatial distribution and economic analyses play a crucial role in
facilitating carbon trading and generating revenue, particularly for communities situated
in areas with elevated carbon concentrations. Realizing the importance of sequestered
carbon assessment and its trade potential, we utilized the InVEST model to predict carbon
storage and sequestration across three distinct scenarios: 2000, 2019, and the projected
LULC for 2050. Our findings highlight the significance of forested areas in Nepal as primary
contributors to carbon storage and sequestration across all three periods, potentially aiding
in global warming aligning with national commitment for emission reduction. Our pro-
jections suggest an upward trend in carbon sequestration compared to previous intervals,
with economic gains anticipated to exceed threefold.

The terrestrial ecosystem’s carbon cycle is directly or indirectly impacted by land use
practices, given that it serves as a significant source and sink of carbon [53]. Accurate LULC
mapping is a crucial input for measuring carbon sequestration using the InNVEST model [15].
In this study, the predicted land use accuracy exceeded 90%, which was attributed to the
use of a base year LULC map prepared by ICIMOD.
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In our study, the observed increase in forest, bare land, and agriculture is attributed to
anticipated land use transitions from snow /glaciers and grassland in the future. Despite
forest land covering less than half of the total land, it consistently contributes to over three-
quarters of the total carbon storage owing to its high atmospheric carbon sequestration
capacity. Forests serve as effective carbon sinks through above- and below-ground biomass,
as well as soil carbon, including decomposed organic matter.

The projected results of the study indicate that water bodies, snow /glaciers, built-up
areas, wooded land (shrub land), and grasslands will decrease their carbon sequestration
and carbon storage, whereas forests, croplands, and bare lands will potentially increase their
carbon sequestration and carbon storage. This trend is positively correlated with changes in
land use type over the projected timeframe [54]. The study [31] explains that in past decades
in Nepal, grasslands have decreased due to harsh climatic conditions, poor management,
and overgrazing. Several studies report that snow, glaciers, and water resources in the
mountainous regions of Nepal are directly affected by climatic conditions and are highly
sensitive to increases in global temperatures, which will likely accelerate the decline of
these land types in the future [55,56]. There is a higher probability of converting shrubs
into forests or agricultural land and built-up areas into bare lands due to high migration
of people from rural to core city areas. The increase in forest land use in Nepal, both in
the past and projected for the future, is attributed to the strict implementation of forest
management policies during construction and development activities, as well as reduced
intervention by local communities in the forests [57]. Studies in specific areas of Pakistan,
Brazil, and China indicate that carbon storage will increase in forest and agricultural lands
due to high carbon density and efforts to preserve natural resources [16,58,59] Conversely,
the study in Iran presents that carbon loss occurs due to the shift from natural land cover
to anthropogenic land cover and vice versa [60].

The distribution patterns of carbon storage, both historical and predicted, demonstrate
significant clustering, with notably high carbon storage in specific parts of the terai and
mountain regions, and most hilly regions, including the Chure. This concentration is
attributed to extensive forest coverage, and our assumption regarding input values for
carbon pooling remains consistent across all forest categories. This assumption aligns
similarly with other land use types in the study area.

The findings of our study reveal exceptionally high carbon storage in forest landscapes,
which is attributed to substantial carbon pooling values and extensive coverage. From
2000 to 2050, the total carbon storage in Nepal is projected from 1.237 to 1.347 billion tons,
with forests making a significant contribution. Our study estimated the aggregate carbon
storage in forest and wooded land in 2000 at 946.35 million tons, aligning closely with the
961 million tons calculated by [10]. Moreover, our study calculated the economic value of
sequestered carbon using a carbon rate of US $5 per ton of CO, equivalent, following the
agreement between the Nepal government and the World Bank for carbon trade [61]. We
adopted a discount rate of 3% and an annual rate of change of price of zero, consistent with
the approach taken by [21].

Numerous studies have underscored a significant transformation in land use across
Nepal over the past two to three decades, driven by factors such as a high rate of migration,
rural road construction, and escalating population density [62]. Although existing research
in Nepal predominantly concentrates on carbon sequestration within forests in the current
timeframe [10,30,63], a limited number of studies have delved into soil carbon measure-
ment within specific geographic areas [64]. Notably, a research gap exists in presenting a
comprehensive assessment of total carbon storage and sequestration across various land
uses in Nepal, along with a lack of future predictions. In addition, essential information
concerning the monetary value associated with carbon loss and sequestration, including the
spatial distribution of carbon storage in Nepal’s landscape, remains absent. This research
aims to address such gaps in studies conducted in Nepal.

Managing carbon in the landscape involves essential details, such as the spatial
distribution of carbon, annual carbon sequestration/loss, and the impact of land use
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changes on carbon sequestration [21]. This study provides necessary information for
carbon management in Nepal’s landscape, offering insights into the status of carbon
distribution and the consequences of land use changes on carbon sequestration. Aligning
with Nepal’s commitment on emission reduction, this research aids in planning sustainable
measures to mitigate human-induced development activities that lead to forest degradation.
Additionally, this study encourages the adoption of sustainable alternative energy sources
in local communities, thereby reducing reliance on fuelwood. In addition, quantifying
ecosystem services in monetary terms and assessing their concentration in the landscape
are important tools for the government and stakeholders engaged in carbon financing.
This approach facilitates the provision of fair incentives to local communities, raising
awareness among the populace about the importance of protecting forests and promoting
plantation initiatives.

5. Conclusions

This study investigates the carbon storage dynamics in Nepal’s landscape from 2000
to 2050 using the InNVEST model. Despite its limitations, such as an oversimplified carbon
cycle representation and the assumption of constant carbon pools, the model provided
valuable insights into carbon storage trends across diverse land use types. This study
utilized carbon pool data from similar studies and categorized the analysis into three
distinct regions—Terai, Hill, and Mountain (Supplementary Materials)—each with unique
features and varying carbon densities in forests and soil, thereby allowing for a more
nuanced and accurate analysis of carbon storage across diverse landscapes of Nepal. Key
findings reveal that by 2050, forests will cover 41.83% of Nepal’s land, making them the
primary contributor to carbon storage, followed by grasslands. The total carbon storage is
projected to range from 1.237 to 1.347 billion tons, with annual sequestration ranging from
34.14 to 76 million tons. Significant carbon concentrations were identified in the Terai, hilly
regions, and mountains. The economic valuation of carbon storage showed an increase
from 110.909 million USD in 2000 to a projected 3.4-fold increase by 2050.

For future studies, it is recommended to expand the research including comparative
analyses with similar ecosystems in other regions or countries. This will address the
limitations of the InVEST model, validate the methodology, and enhance understanding
of global carbon dynamics. Such expansion will increase the applicability of our findings,
aiding policymakers and scientists in implementing effective strategies for sustainable land
use and climate change mitigation.

Policy Recommendations

Based on the findings, the study proposes the following policy implications for gov-
erning bodies of Nepal to develop effective environmental, energy and forest management
policies to achieve zero emission determination.

7

%  Community-Based Conservation Incentives: In Nepal, forest management has evolved
from primarily government-based practices to community-driven approaches since
the implementation of the “Panchayat Forest” system in 1978 and the 1988 forest sector
master plan. Recognized as a role model in Asia, this shift signifies the importance
of local community involvement in forest conservation and carbon restoration. This
study suggests the need for the Nepalese government to implement targeted incentive
programs for local communities, which could include financial rewards for forest con-
servation, community development funds tied to conservation results, and initiatives
focused on capacity building of local communities;

% Policy Framework for Sustainable Land Use: The study recommends the develop-
ment of a comprehensive policy framework encompassing this finding to promote
sustainable land use for both ecological sustainability and economic development;

% Carbon Credit Mechanisms: This study recommends the establishment of national

carbon credit mechanisms encompassing all land use types strengthening to REDD™*

based on these findings on carbon sequestration. The mechanism would facilitate
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Nepal’s participation in international carbon markets, offering economic incentives
for the preservation and improvement of carbon stocks;

%  Public-Private Partnerships for Conservation: The study recommends the promotion
of public-private partnerships that focus on conservation and sustainable land use
(converting bare land into agroforestry). This approach can leverage private sector re-
sources and expertise, augmenting governmental efforts in environmental stewardship;

% Expand Biogas Infrastructure: Promote the installation of biogas plants in rural
communities, providing an eco-friendly alternative to traditional biomass fuels. This
will reduce dependence on firewood and mitigate deforestation;

% Subsidies for Hydroelectricity Use in Rural Communities: Offer subsidies and declare
free electricity of certain units to encourage the use of hydroelectricity for cooking and
other household purposes in rural areas. This will decrease the frequency of forest
visits for fuelwood, thus preserving forest resources;

% Implement Emission Charges: Impose emission charges on vehicles and industries
that use petroleum products to incentivize the shift towards cleaner energy sources;

% Addressing GHG Emissions from Waste: In Nepal, greenhouse gas emissions from
open dumping of waste pose a significant problem. Converting municipal waste to en-
ergy is an effective solution to reduce these emissions and manage waste sustainably.

The policy suggestions of this study, given their scalability and adaptability, could be
effectively applied in other regions with similar ecological and socio-economic challenges.
The study encourages governments in these areas to tailor and adopt these recommenda-
tions according to their unique circumstances.
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Abstract

Background: Supratentorial meningiomas, accounting for a significant proportion of
intracranial tumors in adults, are primarily managed through surgical resection. The
Simpson grading system, a historical standard, classifies the extent of resection and its
impact on recurrence and survival. This PRISMA-2020 compliant systematic literature
review (SLR) investigates the prognostic role of Simpson grade on recurrence, overall survival
(0S), progression-free survival (PFS), and quality of life (QOL) in adults aged 18-60, while
comparing it with other factors such as tumor size, WHO grade, Ki-67 index, peritumoral
edema, tumor location, and adjuvant radiotherapy (RT).

Methods: PubMed, Google Scholar, and Cochrane databases were searched for studies
published between 2019 and 2024. Inclusion criteria encompassed cohort studies of adults
aged 18-60with supratentorial meningioma treated by surgical resection, reporting outcomes
of recurrence, OS, PFS, or QOL. Exclusions included case reports, series with fewer than 10
patients, pediatric (<18), elderly-only (>60), or infratentorial/skull base-only cohorts. Data on
study characteristics, prognostic factors, and outcomes were extracted. Narrative synthesis
was performed due to heterogeneity; meta-analysis was not feasible.

Results: From 120 identified records, 5 studies (n=1,250 patients) were included. Simpson
grades I/II were associated with lower recurrence rates (hazard ratio [HR] 2.0-2.5) and
improved PFS (median 86-92 vs. 60—70 months for grades III-V). WHO grades II/III and Ki-
67 >5% were stronger predictors of recurrence in multivariate analyses. Limited QOL data
indicated improved seizure control with complete resection. Adjuvant RT enhanced PFS in
incomplete resections. OS differences were minimal in low-grade tumors.

Conclusion: Simpson grade remains a significant prognostic factor for recurrence and PFS,
but its impact is modulated by tumor biology. This SLR provides evidence-based insights,
contrasting narrative reviews by focusing on recent, population-specific data. Future
studies should integrate molecular markers and standardized QOL metrics for enhanced
prognostication.

Keywords: Supratentorial meningioma, Simpson grade, recurrence, surgical resection,
prognostic factors

BbDKMBAEMOCTb U PELIMAUB CYNMPATEHTOPUATNIbHOW MEHUHTMOMbI
MOCINE XUPYPIMYECKOWU PE3EKLMU: NPOTHOCTUYECKOE 3HAYEHUE
CTEMNEHWU 3NTIOKAYECTBEHHOCTU NO CUMICOHY Y B3POCIJIbIX

Iunak Yaynaraus!,?
Yskroponckuit HallMOHAIbHBIV YHUBEPCUTET, YKropo, YKpanHa
Txkanan-A6amcKuit MeXKIYHaAPOOHbI YHUBepcuTeT, Ikanan-A6an, KelpreiscTrad
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AHHoTanua

BBegenue: CylnpaTeHTOpUA/IbHble MEHMHIMOMBI, COCTABJ/ISIIOIIME 3HAUYUTEIbHYIO OJII0
BHYTPUYEPEITHbIX OITyX0JIei1 y B3POUIbIX,/Ie4aTCs IPeUMYILIECTBEHHO XUPYPIUUECKUM ITyTEM.
Cucrema otieHKY 110 CUMIICOHY, SIBJISTIOIIASICSI UCTOPUYECKUM CTaHAAPTOM, KIacCUPUILIMpyeT
CTereHb pe3eKUM U ee BAUSIHME Ha pelUAUB U BbDKMBAeMOCTb. B 9TOM cucTeMaTnyeckoM
0630pe murepatypbl (SLR), coorBercTBylomem TpeboBaHusiM PRISMA-2020, m3yvaercs
IIPOTHOCTUYECKAS POJIb CTENIeHM 3JI0KaUYeCTBEHHOCTM 10 CUMIICOHY B OTHOLLIEHUY pelANBa,
obmeit BeokuBaeMoctu (OB), BbDKMBaemocTu 6e3 mporpeccupoBanus (BBII) u kauecTBa
skusHM (KOK) y B3pocbix B Bospacte 18—60 jieT B cpaBHeHUM € ApyruMu akTopamu, TaKUMU
KakK pasMep OITyXOJIN, CTelleHb 3710KauecTBeHHOCTM 1o BO3, uHaekc Ki-67, mepuTyMopaibHbI
OTeK, JIOKaIM3alus OIyX0au U agbloBaHTHas JiyueBas Tepanus (JIT).

MeTozapi: bbut mpoBeeH MTOMCK MCC/IeloBaHNii, OITy6IMKOBaHHBIX B miepuof ¢ 2019 mo 2024
rofi, B 6azax maHHbix PubMed, Google Scholar 1 Cochrane. Kputepun BK/IIOUeHMSI BKITIOUAIN
KOTOPTHbIE MCC/IeAOBaHMSI B3POC/IbIX B Bo3pacte 18-60 ser ¢ cCynmpaTeHTOPUAIbHO
MEHMHTMOMOJ, TIpOLIeNIINX XUPYPTUUYeCKyl pe3eKklMio, C YyKa3aHueM pe3yJbTaTOB
peunauBa, OB, BBIl mnm KJK. WckmroueHus BKIWOYAAM ONUCAHUSI CIy4daeB, Cepum C
meHee yeM 10 mammeHTamMu, neauatrpudeckue (<18), Tonbko noxxuabie (>60) MM TOJBKO
MHbpaTeHTOpUAIbHbIE/OCHOBAHME Yepera KOropThl. bbiiM u3B/IeUeHbl [JaHHbIE O
XapaKTepUCTUKAX MCCAeI0BaHN, TPOrHOCTHMUYECKMX (aKTOpax M MCxomax. bl BhITIOTHEH
HappaTMUBHBIN CMHTE3 B CBSI3U C T€TEPOTeHHOCTHIO; MeTaaHa/IN3 ObLTI HEBO3MOXKEH.

PesynbraThl: V3 120 uaeHTMGUIIMPOBAHHBIX 3amuceii ObIJIO BKIIOUEHO 5 MccaemoBaHMit
(n=1250 namnuenToB). Crenenu I/II mo CuMIICOHY ObLIM CBSI3aHbI C 60JIee HU3KOM YacTOTOM
peuuanBoB (koabduiment pucka [HR] 2,0-2,5) u ynyumenuem BBII (Meauana 86-92
npotuB 60-70 mecsieB s creneHeii [11-V). Crenenn II/III mo BO3 u Ki-67 >5% O6blnn
0oj1ee CUIBbHBIMM MPEOUKTOPAMM pelyayuBa B MHOrogakTOpHOM aHaim3e. OrpaHMYeHHbIe
JaHHbIE O KaUeCcTBe KM3HM YKa3a/IM Ha yIy4ullleHye KOHTPOJIS HaJl IIPUCTYIIaMy IPY ITOJTHO¥
pesekuuMu. AQbIOBAHTHAS JiyueBasi Tepamnus yiaydinaja BBII mpu HEIOJMHBIX pe3eKIVsX.
Pasnnuus B 0011eli BBDKMBAEMOCTY ObLIYM MUHMMAJIbHBIMM IIPU OITyXOJISIX HU3KOM CTeleHU
3/I0KauYeCTBeHHOCTH.

3akmwoueHue: CrereHb 3/7I0KaYeCTBEHHOCTM TI10 CHMIICOHY OCTaeTCsl 3HauMMbIM
IIPOTHOCTMYECKMM (HaKTOPOM peLuauBa U BbDKMBAEMOCTU 0e3 IIpOrpeccupoBaHMS
3a00/1eBaHMsI, HO ee BIMSHUE peryimpyercss Omosiormeit omyxonu. B maHHom o0630pe
TpeCcTaBleHbl OCHOBaHHbIe HA (aKTUUECKMX HTaHHBIX BbIBOAbI, KOHTPACTUPYIOLINE C
0630pamiM, OCHOBaHHbIe Ha aKTyaJbHbBIX JaHHbBIX, XapaKTEPHbIX IJIS1 TAHHOW TOIY/ISIIAMN.
B Oymymmx MCCIeIOBaHMSX CJIeIyeT WHTEIPUPOBATh MOJIEKYJISIpHbIE MapKepbl U
CTaHAApPTU3MPOBAaHHbBIE TTOKAa3aTeaM KauecTBa XM3HU [IJIS1 TOBBIIIEHUS] ITPOTHOCTUYECKOI
3¢ peKTUBHOCTH.

KntoueBbie ciioBa: CympaTeHTOpMadbHAsT MEHMHIMOMA, CTEeleHb 37I0KauyeCTBEHHOCTU II0
CUMIICOHY, pelIINB, XUPypruuecKasi pe3eKiins, TporHocTuyeckme GakTopml.

© 2025. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CC BY, which allows others
to freely distribute the published article, with the obligatory reference to the authors of original works and original publication in this journal. Correspondence:
Dipak Chaulagain, Associate Professor, Jalal-Abad International University, Jalal-Abad, Kyrgyzstan, Email: neurodipak@gmail.com
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Introduction:

Meningiomas are the most prevalent primary intracranial neoplasms, constituting 36-38%
of all brain tumors in adults [1]. Supratentorial meningiomas, encompassing convexity,
falcine, parasagittal, and sphenoid wing subtypes, account for approximately 70-80% of all
meningiomas [2]. In adults aged 18-60, these tumors frequently present with symptoms such
as headaches, seizures, motor deficits, or cognitive impairments, significantly impacting
productivity, social functioning, and quality of life [3]. Surgical resection remains the
cornerstone of treatment, aiming to achieve maximal tumor removal while minimizing
neurological morbidity and recurrence risk [4].

Introduced in 1957, the Simpson grading system classifies the extent of resection based
on macroscopic completeness: grade I involves complete tumor excision with removal of
involved dura and bone; grade II includes dural coagulation without excision; grade III is
gross total resection (GTR) without dural handling; grade IV is subtotal resection (STR);
and grade V is biopsy only [4]. Historically, lower Simpson grades have been associated with
reduced recurrence rates, with seminal studies reporting 9% recurrence for grade I, 19% for
grade II, and 29% for grade III at 5 years [4]. However, advancements in neuroimaging (e.g.,
high-resolution MRI), microsurgical techniques, and adjuvant therapies have prompted
re-evaluation of its prognostic utility, particularly for supratentorial meningiomas where
anatomical accessibility often permits more complete resections compared to skull base
tumors [5].

In younger adults (18-60), who typically exhibit fewer comorbidities and better surgical
tolerance, achieving lower Simpson grades may yield significant benefits in recurrence
prevention and functional preservation. However, other prognostic factors, including
tumor size (>6 cm, associated with technical challenges), WHO grade (updated in 2016 and
2021 to incorporate molecular markers like TERT promoter mutations for grade III), Ki-
67 proliferation index (>5%, indicating aggressive behavior), peritumoral edema (linked
to seizures and neurological deficits), tumor location (convexity vs. eloquent areas), and
adjuvant RT (recommended for incomplete resections or higher-grade tumors), may interact
with or supersede the impact of resection extent [3, 6, 7]. For example, WHO grade II/III
meningiomas exhibit recurrence rates of 30-50% even after GTR, compared to 10-20% for
grade I [8].

Quality of life, often underexplored in survival-focused studies, is a critical consideration
in this age group, where long-term functionality is paramount. Proxy measures such as
seizure freedom, Karnofsky Performance Status (KPS), or patient-reported outcomes (e.g.,
SF-36) reflect postoperative functional status [9]. Recent evidence suggests that incomplete
resections may lead to persistent symptoms, such as seizures or cognitive deficits, adversely
affecting QOL [10].

This SLR has three objectives: (1) to evaluate the predictive role of Simpson grade (I-V) on
recurrence, OS, PFS, and QOL in adults aged 18-60 with supratentorial meningioma; (2) to
compare its prognostic strength with other factors like tumor size, WHO grade, and adjuvant
RT; and (3) to contrast findings with existing systematic or narrative reviews. By focusing on
studies from 2019-2024, this review incorporates recent advancements, including the WHO
2021 classification and modern surgical techniques, addressing gaps in age- and location-
specific analyses.
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Methods:

This SLR adhered to the PRISMA-2020 guidelines to ensure methodological rigor and
transparency [11]. No protocol was pre-registered, but methods were predefined to maintain
consistency.

Eligibility Criteria:
Population: Adults aged 18-60 with primary supratentorial meningioma (convexity, falcine,

parasagittal, sphenoid wing, etc.); mixed-age cohorts with subgroup analyses for 18-60 were
included.

Intervention: Surgical resection classified by Simpson grade, with or without adjuvant RT.

Comparators: Other prognostic factors, including tumor size, WHO grade (2016/2021), Ki-67
index, peritumoral edema, tumor location, and adjuvant RT.

Outcomes: Primary: tumor recurrence; Secondary: OS, PFS, QOL (e.g., SF-36, KPS, seizure
freedom).

Study Types: Retrospective or prospective cohort studies with n>10; case reports, series with
<10 patients, reviews, and animal studies were excluded.

Time Frame: Published January 1, 2019-December 31, 2024.
Language: English only.

Information Sources and Search Strategy: Databases searched included PubMed, Google
Scholar, and Cochrane Library. The search string was: ("supratentorial meningioma" AND
"Simpson grade" AND ("recurrence” OR "survival" OR "quality of life") AND "surgical resection")
with date filters (2019-2024). Hand-searching of reference lists from included studies and
relevant reviews supplemented the electronic search. No gray literature was included to
maintain focus on peer-reviewed publications.

Selection Process: Two reviewers independently screened titles and abstracts using Rayyan
software, a web-based platform for systematic review management. Disagreements were
resolved through discussion and consensus. Full-text articles were retrieved and assessed for
eligibility based on predefined criteria.

Data Collection and Items: Data were extracted using a standardized form capturing: study
design, sample size, patient demographics (age range/mean, sex distribution), tumor
characteristics (location, WHO grade, size, Ki-67 index), Simpson grades achieved, outcomes
(recurrence rates, hazard ratios [HRs] for PFS/OS, QOL metrics), and risk of bias. The
Newcastle-Ottawa Scale (NOS) was used to assess cohort study quality, focusing on selection,
comparability, and outcome assessment.

Synthesis Methods: Due to clinical and methodological heterogeneity (e.g., varying follow-up
durations, inconsistent outcome definitions), narrative synthesis was employed. Subgroup
analyses by WHO grade and tumor location were conducted where data permitted. Meta-
analysis was considered but deemed unfeasible due to insufficient comparable quantitative
data (e.g., inconsistent HRs across studies for forest plots). Risk of bias assessments were
integrated into the synthesis to contextualize findings.

Results:

Study Selection: The study selection process is summarized in the PRISMA-2020 flow diagram
(Figure 1). A total of 120 records were identified: PubMed (n=50), Google Scholar (n=60),
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and Cochrane Library (n=10). After removing 35 duplicates, 85 records were screened, and
40 were excluded due to irrelevance (e.g., non-meningioma focus, pre-2019 publication).
Forty-five full-text articles were assessed for eligibility, with 30 excluded: 10 case reports,
10 infratentorial/skull base-only studies, 10 pediatric (<18) or elderly-only (>60) cohorts,
and 10 for other reasons (e.g., non-English, non-cohort designs). Five studies were included,
comprising 1,250 patients.

Prisma Protocol (2020) — Flow Diagram

_5 Scientific articles from: Records before screening:
‘c:g Databases (n = 120) Duplicate records removed (n =35)
% PubMed (n = 50) | Records marked as ineligible by automation tools (n = 0)
g Google Scholor (n=60) For other reasons (n = 0)
= Cochrane (n=10)
A
&
s g;; ords Screened (n = | Records excluded (n=40)
g [Irrelevant topics; pre-2019 publications]
w
A
00
£
s Reports Sought for .
(D] =
o retrieval (n = 45) —»| Reports not retrieved (n=0)
A
A
= léeports exclu(dedl:0 )
= ase reports (n=
'@o Sﬁpi(l)oriﬁ?t ?gs:sise)d for | » Infratentorial/ skull base only (n=10)
= § y Pediatric <18 or elderly >60 only (n=0) (non-english, non-cohort)
(n=10)

Note: Total included studies from all sources : n=5, Manual screening n=10; no automation tools used.
Adapted to PRISMA 2020 formate (Page Mj et al., BMJ 2021;372:n71, CC bY 4.0)

» Figurel: PRISMA 2020 flow diagram illustrating the study selection process [11]

Source: Adapted from Page et al. (2021), licensed under CC BY 4.0 (https://creativecommons.
org/licenses/by/4.0/).

Study Characteristics: All included studies were retrospective cohorts, with NOS scores of 7-8,
indicating good quality. The total sample size was 1,250 patients, with mean ages ranging
from 45-55 years, either fully within or including subgroups of the 18-60 age range. All
studies focused on supratentorial meningiomas.
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» Table 1: Characteristics of Included Studies

Study Year | N Population Design Outcomes Reported
Adults (mean 57, subgroup Retrospective Seizure freedom
Schneider et al. [9] 2019 | 343 | 18-60) with supratentorial co}?ort (QOL proxy),
meningioma recurrence
Adults 18-60 with WHO
Nowak-Choi et al. [12] | 2021 | 440 grade I meningioma Retrospective Recurrence, OS
(supratentorial subset)
Gadot et al. [13] 2021 | 112 | Adults(meanShywith 1 p o0 (e | Seizure outcome,
supratentorial meningioma PFS
Adults 18-60 with WHO
Spille et al. [14] 2022 | 250 grade I meningioma Retrospective Recurrence, PFS
(supratentorial)
Retrospective/
Driver et al. [15] 2024 | 105 Adults (_mean 48, prospective PFS, OS, RT response
supratentorial subgroup) mixed

Prognostic Factors and Outcomes:

Data extraction revealed consistent associations between Simpson grade and outcomes,
modulated by other prognostic factors.

e Table 2: Prognostic Factors and Outcomes

Factor Studze;s Impact on Recurrence/PFS Impact on OS Impact on QOL
Reporting
Lower grades: 10-20% li\ﬁl\r;\}ggl Id (1ff>e(;e(;}5c)e.e Improved seizure
Simpson Grade All 519, vs. 30-50% recurrence shorter inphi .her ’ control (OR 2.2,
(/1L vs. III-V) 12-15] (HR 2.0-2.5, p<0.05); PFS grades with STgR (HR p=0.003) [9, 13]; better
86-92 vs. 60-70 months 1.5, p=0.04) KPS (p=0.02) [15]
WHO Grade (I Higher grade: HR 3-6 Shorter in grade III Worse functional
vs. TI/IID) 4[12-15] (p<0.01); PFS 48 vs. 84 (60 vs. 120 months, status (p<0.05) [15]
’ months p=0.02) p=v.
. HR 2-4 (p<0.01); reduced Shorter (HR 2.1 Neurological deficits
- o, - )
Ki-67 (>5%) | 3[13-15] PES (p=0.008) p=0.008) [14]
Tumor Size (>6 OR 1.8 (p=0.04); no PFS .
cm) 2[12, 14] impact in multivariate No impact (p>0.05) Not reported
Peritumoral 1[9] HR 1.6 (p=0.02) Not reported Reduced QOL (p=0.01)
Edema
Location Convexity: PES 90 vs. 70
(Convexity vs. | 39, 13, 14] v ~ ’ No impact Fewer deficits (p=0.04)
months (p=0.03)
Other)
. HR 0.5 (p=0.047); PFS +24 | No benefit in WHO I . . 1
Adjuvant RT 212, 15] months (p>0.05) Potential RT morbidity
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Synthesis of Results: Narrative synthesis indicated that Simpson grades I/II consistently
reduced recurrence rates (10-20% vs. 30-50% at 5 years) and improved PFS (median 86—
92 months) compared to grades III-V across all studies [9, 12-15]. In WHO grade I tumors,
PFS exceeded 80 months with GTR, particularly in convexity locations [12, 14]. However, in
multivariate models, WHO grade II/III and Ki-67 >5% were stronger predictors of recurrence
(HR 3-6 vs. 2.0-2.5 for Simpson grade) [14, 15]. OS differences were minimal in low-grade
tumors but significant in grade III with incomplete resection [15].

QOL data were limited to proxy measures like seizure freedom and KPS. Complete resection
(grade I) achieved 70-80% seizure control, enhancing QOL [9, 13]. Adjuvant RT improved PFS
in STR cases by approximately 24 months but was not routinely recommended for grade I
tumors [12, 15]. Convexity tumors facilitated GTR, leading to better PFS and QOL outcomes
compared to falcine or parasagittal tumors [9, 13, 14]. Heterogeneity in follow-up periods
(24-60 months) and outcome definitions precluded meta-analysis. Risk of bias was low, with
minimal selection bias in retrospective designs.

Discussion:

This PRISMA-2020 compliant SLR reaffirms the prognostic significance of the Simpson
grading system in predicting recurrence and PFS following surgical resection of supratentorial
meningiomas in adults aged 18-60. Simpson grades I/II were consistently associated with
lower recurrence rates (10-20% vs. 30-50% at 5 years) and prolonged PFS (86-92 vs. 60-70
months) across all included studies [9, 12-15]. These findings align with historical data from
Simpson’s seminal work [4], but they provide a modern perspective by incorporating WHO
2021 classification updates and contemporary surgical advancements [6]. However, the impact
of resection extent is increasingly contextualized by tumor biology, with WHO grade and
Ki-67 index emerging as stronger predictors in multivariate analyses [14, 15]. This suggests
a paradigm shift towards integrated prognostic models combining surgical and molecular
factors.

Comparison Across Included Studies:

Schneider et al. [9] highlighted the role of complete resection in improving seizure outcomes,
a critical QOL metric, with grade I resections achieving 80% seizure freedom compared to 50%
for grade III. This was corroborated by Gadot et al. [13], who reported an odds ratio (OR) of
2.2 (p=0.003) for seizure control with GTR, but noted that peritumoral edema independently
worsened QOL, suggesting that resection alone may not address all morbidity sources. For
instance, edema-related seizures persisted in 20% of patients despite GTR, indicating the
need for adjunctive therapies like antiepileptic drugs [9]. In contrast, Nowak-Choi et al. [12]
and Spille et al. [14] focused on recurrence, finding that Simpson grade’s prognostic effect
was attenuated in WHO grade II tumors, where Ki-67 >5% increased the HR for recurrence
to 3-4, compared to 2 for incomplete resection. This suggests that biological aggressiveness
may override surgical extent in higher-grade tumors.

Driver et al. [15] provided molecular insights, demonstrating that adjuvant RT extended
PES in grade III tumors with STR, improving median PFS from 48 to 72 months. This aligns
with EANO guidelines recommending RT for incomplete resections of atypical or anaplastic
meningiomas [3]. However, the lack of OS benefit in low-grade tumors with RT highlights
the need for selective application to avoid unnecessary morbidity [12]. Subgroup analyses by
tumor location further revealed that convexity meningiomas achieved GTR more frequently,
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leading to better PES (90 vs. 70 months) and fewer neurological deficits compared to falcine
or parasagittal tumors, where vascular or eloquent cortex involvement limited resection
extent [9, 13, 14].

Comparison with Narrative and Comprehensive Reviews:

Narrative reviews, such as Nanda et al. [5], have questioned the universal applicability of
the Simpson grading system, particularly for skull base meningiomas where anatomical
constraints often prevent GTR. In contrast, this SLR’s focus on supratentorial meningiomas
reaffirms the system’s relevance, as these tumors are more amenable to complete resection
[9, 13, 14]. For example, convexity tumors achieved grade I/II in 70-80% of cases, correlating
with lower recurrence rates [14]. Comprehensive reviews, such as Rogers et al. [8], report
broader recurrence rates of 20-30% across all meningioma types and age groups, whereas
this SLR’s age-specific analysis shows lower rates (10-20% for GTR) in adults 18-60, likely
due to better surgical tolerance and fewer comorbidities in this population.

The inclusion of WHO 2021 classification updates in this review, particularly the integration
of molecular markers like TERT promoter mutations for grade IIl meningiomas, distinguishes
it from earlier reviews [6]. Narrative reviews often emphasize surgical technique over biology,
but this SLR highlights the superior prognostic power of WHO grade and Ki-67, aligning with
recent studies advocating molecular stratification [15]. For instance, Spille et al. [14] found
that NF2 mutations doubled recurrence risk independently of Simpson grade, suggesting that
genetic profiling could guide surgical planning.

Prognostic Factors in Context:

Tumor size (>6 cm) was associated with increased recurrence risk in two studies [12, 14],
likely due to technical challenges in achieving GTR, echoing findings from a 2024 study on
high-risk meningiomas [6]. Larger tumors often involve critical structures, increasing the
likelihood of STR and subsequent recurrence (OR 1.8, p=0.04) [12]. Tumor location further
modulated outcomes: convexity meningiomas benefited from easier GTR, resulting in better
PFS and QOL [9, 13, 14], while falcine or parasagittal tumors faced higher recurrence due to
vascular encasement or proximity to eloquent cortex [3]. Adjuvant RT significantly reduced
recurrence in STR cases (HR 0.5, p=0.047) [12, 15], supporting its role in grade II/III tumors
but questioning its necessity in low-grade tumors, where narrative reviews often advocate
broader application [8].

Ki-67 >5% and WHO grade II/III were consistently stronger predictors of recurrence than
Simpson grade in multivariate models [14, 15]. For example, Ki-67 >5% increased recurrence
risk by up to fourfold, compared to twofold for Simpson grade III/IV [14]. This aligns with
emerging evidence on molecular markers, such as NF2 alterations, which worsen prognosis in
supratentorial meningiomas [14]. Peritumoral edema, reported in one study [9], was associated
with higher seizure recurrence and reduced QOL, underscoring the need for comprehensive
postoperative management beyond resection.

Quality of Life Considerations:

QOL data were sparse, primarily limited to proxy measures like seizure freedom and KPS.
Grade I resections achieved 70-80% seizure control, significantly improving QOL [9, 13], while
incomplete resections were associated with persistent seizures and lower KPS scores [15].
Peritumoral edema further exacerbated QOL deficits, with 20-30% of patients experiencing
ongoing neurological symptoms [9]. This contrasts with broader meningioma QOL reviews,
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which highlight cognitive impairments and reduced health-related QOL (HRQOL) due to
treatment-related morbidity [10, 16]. The lack of standardized QOL tools, such as the EORTC
QLQ-BN20 or SF-36, in the included studies represents a significant gap, particularly for
younger adults where long-term functionality is critical.

Clinical Implications:

The findings advocate for maximizing GTR in supratentorial meningiomas, particularly for
convexity tumors, to minimize recurrence and optimize QOL. However, in WHO grade II/III
tumors or those with high Ki-67, adjuvant RT or emerging targeted therapies (e.g., mTOR
inhibitors) may be necessary to address biological aggressiveness [15]. Molecular profiling,
including NF2 and TERT mutations, could guide personalized treatment plans, as suggested
by recent studies [6, 14]. For example, patients with NF2-mutated tumors may benefit from
early RT or clinical trials targeting specific pathways. Online predictive tools integrating
Simpson grade, WHO grade, and molecular markers could enhance surgical decision-making,
as proposed by Driver et al. [15].

Strengths and Limitations:
Strengths: This SLR’s PRISMA-2020 compliance ensures methodological rigor, and its focus
on recent (2019-2024) and population-specific (18-60, supratentorial) data addresses gaps
in prior reviews. The inclusion of WHO 2021 classification updates and modern surgical
contexts enhances relevance.

Limitations: Only five studies precisely matched the age and location criteria, limiting
generalizability. Heterogeneity in follow-up durations (24-60 months) and outcome
definitions precluded meta-analysis, potentially reducing statistical power. Publication bias
favoring positive surgical outcomes may exist, as negative results are less likely to be reported.
The reliance on retrospective data and proxy QOL measures (e.g., seizure freedom) limits the
depth of functional outcome analysis.

Future Directions: Future research should prioritize prospective, multicenter studies with
standardized QOL assessments (e.g., EORTC QLQ-BN20, SF-36) to capture patient-reported
outcomes comprehensively. Long-term follow-up (>5 years) is needed to assess OS impacts,
particularly in WHO grade I tumors where recurrence may manifest later. Molecular profiling,
including NF2, TERT, and other genetic markers, should be integrated into prognostic models
to refine risk stratification [14, 15]. Additionally, machine learning-based tools combining
clinical, surgical, and molecular data could predict recurrence risk with higher accuracy,
facilitating personalized treatment plans. Finally, studies exploring the cost-effectiveness
of adjuvant therapies and their impact on QOL in younger adults are warranted to inform
healthcare policy.

In summary, while Simpson grade remains a key prognostic factor, its impact is context-
dependent, modulated by tumor biology and location. Multimodal approaches integrating
surgical, molecular, and adjuvant strategies are essential for optimizing outcomes in
supratentorial meningioma management.
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Conclusion:

This SLR confirms the prognostic importance of Simpson grade in reducing recurrence and
enhancing PFS in supratentorial meningioma resection among adults aged 18-60. However,
WHO grade and Ki-67 index exert stronger influences, particularly in higher-grade tumors,
underscoringthe needforintegrated prognostic models. Adjuvant RT mitigatesrisks associated
with incomplete resections, while QOL improvements are closely tied to complete resection
and seizure control. Compared to narrative reviews, this evidence-based synthesis highlights
the value of population-specific data and modern classifications. Future prospective studies
with robust QOL metrics and molecular profiling are critical to refine treatment strategies
and improve patient outcomes.
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Abstract:

Dengue fever, a mosquito-borne viral illness, continues to pose a significant threat to public
health, particularly in densely populated tropical and subtropical regions. This comparative
study explores the influence of lifestyle-related factors on dengue prevalence by analyzing
two contrasting urban environments: Jalalabad, Kyrgyzstan (a region with no reported dengue
cases) and Lahore, Pakistan (where dengue is endemic).

Using structured questionnaires, data were collected from 300 participants (150 from each
city), focusing on awareness, preventive behaviors, sanitation practices, and environmental
conditions. Despite limited awareness about dengue in Jalalabad, participants demonstrated
healthier lifestyle habits and better environmental management. Conversely, although
Lahore respondents showed higher awareness of the disease, their preventive practices and
environmental hygiene were less consistent.

The findings underscore a strong relationship between personal and communal lifestyle
factors; such as water storage, dietary habits, sanitation, and mosquito protection measures
and the likelihood of dengue transmission. The study concludes that enhanced public health
education, behavioral interventions, and infrastructure improvements are essential for
effective dengue control, particularly in high-risk areas. Promoting healthier lifestyles may
serve as a key strategy in reducing the burden of vector-borne diseases globally.

Keywords: Dengue Fever, Mosquitoes, Vector borne diseases, Endemic, Sanitation

CPABHUTEJIbHOE UCCINNEAOBAHUE NIUXOPAOKWU OEHITE N OBPA3A XXU3HMU
NIOAEN B OXANAN-ABALE N NNAXOPE KAK MEPbI MPO®UITAKTUKN YKYCOB
KOMAPOB

Myxamman A6aynaa @apyk Unmal, Xammag Ixkamman!, Iunak Yaymaramu?,®
ICrymenT [Ixkanan-A6aaCcKoro rocygapCTBEHHOrO YHMBepcuTeTa uMeHu b. OcMoHOBa
ZYKTOPOACKMIT HAallMOHATbHBI YHUBEPCUTET, YKropo, YKpanHa
3Mkanman-Abamckuii MeXXIyHapoOHbI yHUBepcuTeT, [kanan-A6a, Keipreiscradn

AHHOTaUA

Jluxopagka JeHTe, BUpPyCHOe 3abojieBaHMe, IepeHOCMMOe KomapaMu, IIpoaosiKaeT
TIpeICTaB/ISITh 3HAUMTEIbHYIO YI'PO3Y J1s1 3[I0POBbsI HaceleHMsI, 0CO00eHHO B TyCTOHACeIeHHBIX
TPOMMYECKUX U CyOTpONMMUYecKMx permMoHax. JlaHHOe CpaBHUTe/NbHOE UCCIeq0BaHNe
u3ydaeT BAMsSHMUE (PaKTOPOB oOpasza >KM3HM Ha pPacIpoOCTPAHEHHOCTb JMXOPAOKM [eHTe,
aHAIM3UPYS JBa KOHTPACTHBIX TOPOMACKMUX pernoHa: [kaman-Ab6an, Kelprei3cTaH (peruoH,
[le He 3aperMcTpUpoBaHO HU OLHOTO Ciaydas JuUXopaaku neHre) u Jlaxop, [lakucran (toe
AuxopaaKa AeHre sHAeMMuuHa). C MOMOIIBIO CTPYKTYPUPOBAHHBIX aHKET ObLIM COOpaHbI
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ma"HHple y 300 yuacTHMKOB (o 150 M3 Kakgoro ropona), yaensis 0coboe BHMMAaHME
OCBeJIOMJIEHHOCTH, MPOMUIaKTUIECKUM [eCTBUSM, CAHUTAPHBIM HOPMaMm M COCTOSIHUIO
OKpyXkaroluei cpeapl. HecMOTpsST Ha OrpaHMUYEHHYI0 OCBEJOMJIEHHOCTD O JIMXOPaAKe [eHTe
B [I>xenanabanme, y9aCTHUKY ITPOJEMOHCTPUPOBAN 6ojiee 3M0pOBbIii 06pa3 skM3HU U Gosiee
s deKkTUBHOe yIIpaBieHNe OKpysKamwllei cpenoit. HampoTtus, XoTs pecrioHAeHThI 13 Jlaxopa
MPOJIEMOHCTPUPOBAIM Oojiee BBICOKYI0O OCBEJOMJIEHHOCTb 00 3TOM 3abojeBaHUM, UX
npoduIakTMUeCKMe Mepbl ¥ TUTMeHa OKPYKaoIlei cpenbl ObIM MeHee MoC/IeI0BaTeIbHbI.

Pe3ynbTaThl MOTUYEPKUBAIOT TECHYI0 B3aMMOCBSI3b MEXKAY JUYHBIMM ¥ OOIIECTBEHHBIMMU
(dakTopaMy o6pasa KM3HM, TAKMMM KaK 3aItachl BOMbI, MUIIEBbIe€ TIPUBBIUKM, CAHUTAPUS U
Mepbl 3alIUThI OT KOMapOB, 1 BEPOSITHOCTBIO Iepeaaun JMXOpaaKu JeHre. B ucciemoBaHmnm
CIleJlaH BBIBOJ, O TOM, UTO TOBBIIIEHME YPOBHS MH(POPMUPOBAHHOCTY HACeJIeHMSI B 00JIaCTH
3IpaBOOXPaHEHMsI, IIOBEJEeHYECKMe BMeEIIATeNbCTBA M YiydlleHue WHQPPACTPYKTYPhI
MMEIOT pelaioiiee 3HaueHne s 3(pdeKTrBHOI 60pbOBI C IMXOPAAKOI AeHTe, 0COOeHHO B
pajioHax BbICOKOTO pycKa. [Iporaranga 3m0poBoro o6pasa SXKM3HU MOKET CITYKUTh KITIOU€eBOIA
cTpaTerueii CHUsKeHusl 6peMeHy TPaHCMMCCUMBHBIX 3a60/IeBaHMii BO BCEM MUpe.

KiroueBbie ¢/I0Ba: JIMX0OpajKa JeHre, KoMapbl, TPAHCMUCCUBHbBIE 3a00I€BaHMSI, SHIEMMUSI,
CaHUTapUS

© 2025. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CC BY, which allows others
to freely distribute the published article, with the obligatory reference to the authors of original works and original publication in this journal.

Introduction

Dengue fever is a mosquito-borne viral infection caused by four distinct serotypes of dengue
virus, primarily transmitted by Aedes aegypti and Aedes albopictus mosquitoes [1]. Globally,
dengue has become a major public health concern, with the World Health Organization
(WHO) estimating that nearly half of the world’s population is at risk [1]. It poses a major
public health threat in tropical and subtropical regions, with an estimated 100-400 million
infections annually [2]. The disease ranges from mild flu-like symptoms to severe forms
like dengue hemorrhagic fever and dengue shock syndrome, which can lead to significant
morbidity and mortality [1]. The global incidence of dengue has increased dramatically over
the past two decades, fueled by climate change, rapid urbanization, poor sanitation, and global
travel [2][3]. Despite efforts to develop vaccines, prevention still relies heavily on mosquito
control and public awareness [1][3]. Notably, lifestyle factors such as hygiene practices,
environmental cleanliness, and awareness levels play a critical role in dengue prevention [3]
[4]. This study compares the prevalence of dengue and related lifestyle practices between two
cities: Jalalabad, Kyrgyzstan (non-endemic), and Lahore, Pakistan (endemic).

Objectives

To study the impact of knowledge on prevention practice rating the sources of information
about dengue fever and to access the level of public knowledge and prevention practice about
dengue fever

To improve early diagnosis and case management. To defect epidemic early and to respond
to potentially epidermias effectively. To strengthen monitoring and evaluation to ensure
optimal programme implementation, Management and performances.
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Rationale
It is alarming infection from last two years and death rate is increasing due to dengue virus
in Pakistan.

Methodology
Study Design:

A comparative study is created to find the difference between the lifestyle and occurrence of
dengue fever.

Study Area:

For our research, we choose Jalalabad, Kyrgyzstan and Lahore, Pakistan as research areas in
which Jalalabad is taken as ideal or control group where occurrence of dengue is 0%

Study Duration:
We started our research from September 1, 2022 and finished on December 20, 2022.
Inclusion Criteria:

Study population includes workers of Jalalabad having education level of primary and
secondary, and also workers of Lahore in Pakistan with same education level and age between
25-40 years old.

Exclusion Criteria:

We excluded the respondent that are not willing to participate in research, younger age,
education level more than secondary and inconvenient for us to approach.

Study Sample:

Total Sample size is 300 in which 150 from Jalalabad, Kyrgyzstan and 150 from Lahore,
Pakistan. We choose non-probability, conventional sampling model for research due to
language barrier and difficulty to approach people.

Study tool:

For research, we made demographic profile and knowledge-based questionnaire, we made
social demographic profile which based on the age, marital Status, gender

profession, education level and nationality. We made 12 knowledge-based questions in which
asked about knowledge regarding degree and life style of people. We analysed the data on
SPSS for authentic results and calculation.

Results

Total respondents are 300 and they are workers of hostel and hotel from which 150 from
Jalalabad and 150 from Pakistan, in which, we made four age groups, 21-25, 26-30, 31- 35,
36-40 in which 250 are married and 50 are unmarried. In our total respondents 100 are males
and 200 are females from which 210 have education level primary and 90 have secondary
education level.
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There are 12 questions regarding dengue virus and life style against mosquitoes that we asked
from locals of Jalalabad and Lahore and analysed their answers as data for our result.

» In Kyrgyzstan 0% people know about dengue virus and 100% didn’t know about it.

» In Pakistan, 87% people know about dengue virus and 13% people didn’t know about
dengue virus.

kyrgyzstan v;; Pakistan

-

.-f.

All Lahore respondents give right answer, mosquitoes and no one mark other answer like ant,
rabbit, and dog. In Jalalabad, 27% marked Ants, 18% marked Dog, 18% marked Rabbit and
37% marked mosquitoes and these 37% marked right answer by chance because, they didn’t
know about dengue virus.
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kyrgyzstan

| - =
o moseparto Halabat Ants

* 0% of Kyrgyzstan respondents is infected by dengue virus therefore 100% respondents
marked the answer No .67% of Lahore respondents is infected in their life by dengue virus
and 33% didn’t infected by dengue virus

kyrgyzstan Y;z Pakistan

o Lahore respondents, 20% use net around Windows, 7% use mosquitoes spray and 73%
people use anti- mosquitoes’ oil as a preventive measure for mosquitoes.

 Jalalabad respondents, 20% use spray and 80% use net around Windows as preventive
measures and no one use anti- mosquito’s oil.

Pakistan kyrgyzstan

anti-
mosquito
ol
0%

All respondents of Lahore marked answer Yes for storage of water in house and no one marked
No.
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90 respondents of Jalalabad store water at home, in which some may be or maybe not, and in
which 60 didn’t store water at home.

Pakistan

Kyrgyzstan
Yes, 150 Va0
S es,
150 100 -
80
No, 60
100 60 A=
40
50
20 II
0 iy 0
Y
Yes No es No

» 13% of Lahore respondents Don’t like vegetables to eat, 27 % take less, 27% take normal
and 33% take high proportion of vegetables in their diet. Atleast no one mark that they

don’t like, Jalalabad respondents 20% take less, 33% take ordinary and 47% take high
proportion of vegetables in their diet.

Id lik Idon't like
on'tlike :
I Pakistan kyrgyzstan toeat
vegetable vegetable

s\

13%

%

14 respondents from Lahore share their accessories with others but only 1 didn’t share their

soap, towel, comb etc with others. In Jalalabad 5 respondent share their accessories and 8
didn’t share their accessories , that is good thing to stay safe.

5
0%
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Pakistan Kyrgyzstan

16 Yes, 140 10

14
12

No, 80
10 6 Yes, 50

8

6 4
4

2 No, 10 2
0 | 0

Yes No Yes No

Both Lahore and Jalalabad respondents have not knowledge regarding this question, some
give right answer by chance like 20% in Lahore and 7% in Jalalabad.

) C

B Aedes B Culex B Anopheles & All B Aedes B Culex B Anopheles W All

140 Lahore respondents marked yes, that, weather is suitable for mosquitoes’ growth and
only 10 marked No. Jalalabad respondents marked 60% No and 40% yes, because in whole year
mostly there is winters but in month of August there is a lot of mosquitoes at garbage site.

Pakistan Kyrgyzstan

Unfavorable , 10 \

Favorable
, 60

Favorable, 140 Unfavorable , S0
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From Lahore respondents, 60 through garbage in front of their homes, 20 far away from home,
20 in local dump and 50 through by chance or randomly. In Jalalabad, No one through in front
of their house and no one through randomly. 80 of them through the garbage far away from
home and 70 in local dump.

Pakistan Kyrgyzstan

In front of Far from
70 home, 60 Randomly 10 home .80  Inthelocal
60 »

50 20 Dump ,70
50
60

40 Far from In the local
30 home ,20 Dump,20 40 Randomly,
20 20 In front of 0
g - - home’ 0
0 0

In frontof Fae fromhome Inthelocal Randomly In front of Fae from Inthe local Randomly

home Dump home home Dump

From Lahore respondents, 80% of people don’t take calcium and vitamins tablet, and 20%
take tablets. From Jalalabad, 53% of people don’t take and 47% of people take calcium and
vitamins tablets.

Pakistan Kyrgyzstan

N _ "’ _
Yes

0 - 6‘5-

In Lahore 13 respondents are not statisfy from their sewerage system of country and 2 are
satisfied. InJalalabad respondents, all are statisfied from the sewerage system of their country.

Yes

Pakistan Kyrgyzstan
—

Yes No Yes Mo
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Discussion

This study aimed to compare the knowledge, awareness, and preventive practices regarding
dengue fever between residents of Lahore, Pakistan, a high-risk dengue endemic region
and Jalalabad, Kyrgyzstan; where no cases have been officially reported. The findings reveal
significant lifestyle-related differences that influence the incidence and risk of dengue
infection.

In Lahore, most respondents were aware of dengue fever and recognized its transmission
through Aedes mosquitoes [1]. However, despite higher awareness, actual preventive practices
were inconsistent. A large number of respondents shared personal accessories, stored
stagnant water at home, and reported dissatisfaction with the sewerage system, conditions
favourable for mosquito breeding and viral transmission [3]. These findings align with global
observations that urban overcrowding, poor sanitation, and unplanned development are
major contributors to dengue outbreaks in low- and middle-income countries [2].

In contrast, respondents from Jalalabad displayed minimal knowledge of dengue fever
but practiced healthier environmental hygiene, such as avoiding water storage and using
window nets [4]. These behaviours may be shaped more by cultural habits and environmental
conditions (e.g., a colder climate less conducive to mosquito survival) than by active health
education [5]. Importantly, despite the lack of awareness, the preventative lifestyle observed
in Jalalabad indirectly aligns with WHO’s recommendations for vector control—reducing
breeding sites and limiting exposure to mosquitoes [1][6].

Our findings support the hypothesis that lifestyle factors, such as waste disposal, water storage
habits, and the use of repellents, play a critical role in the prevention of dengue fever [3][4].
These lifestyle patterns may significantly mitigate the risk of infection, even in the absence
of targeted health interventions. Conversely, higher awareness does not always translate into
effective prevention if it is not accompanied by practical changes in daily behaviour [4][7].

Moreover, the study reaffirms that dengue prevention is multifactorial. While public
knowledge is important, physical infrastructure (e.g., sanitation systems), government vector
control programs, and personal hygiene practices collectively determine disease outcomes
[1][3]. The disconnect observed between knowledge and practice in Lahore highlights the
need for community-based intervention programs that not only educate but also facilitate
the adoption of practical preventive measures [3].

Finally, climate change and increased urbanization continue to alter the epidemiology of
dengue fever. With global warming expanding the geographical range of Aedes mosquitoes,
regions like Jalalabad may become susceptible soon if environmental changes occur [2][8].
Therefore, proactive education and surveillance even in non-endemic regions are essential
[2].

Conclusion

This comparative study between Lahore and Jalalabad highlights how lifestyle factors
significantly influence the risk of dengue fever, regardless of awareness levels [3][4]. In
Lahore, although most respondents were knowledgeable about dengue and its transmission
[1], preventive practices were inconsistent and often inadequate [3]. Factors such as poor
waste management, stagnant water storage, lack of personal hygiene, and unsatisfactory
sewerage systems contributed to an environment conducive to mosquito breeding and disease
transmission [3][4]. Conversely, in Jalalabad—despite limited awareness about dengue—
residents demonstrated healthier lifestyle habits, such as reduced water storage, better waste
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disposal, and use of protective measures like window nets [4]. These practices have likely
contributed to the absence of dengue cases in the region [5]. This finding underscores that
effective lifestyle behaviours can serve as a strong barrier against dengue, even in the absence
of formal health education or endemic risk [4][6].

Overall, the research supports the notion that awareness must be paired with actionable
behaviour change [4][7]. Preventive strategies must be practical, community-based, and
culturally adapted [3][9]. Dengue prevention is not solely the responsibility of healthcare
systems—it also depends on individual and collective commitment to sustainable practices
that minimize mosquito breeding and exposure [1][6].
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BULLOSIS DIABETICORUM COMPLICATED BY SECONDARY INFECTION AND
NECROSIS IN A 29-YEAR-OLD MALE WITH NEWLY DIAGNOSED DIABETES
MELLITUS: A CASE REPORT
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Abstract

Bullosis diabeticorum (BD) is a rare cutaneous manifestation of diabetes mellitus
characterized by spontaneous bullous eruptions, predominantly on the extremities. This
report describes a 29-year-old male car driver from Dubai who presented with pruritus on the
right foot, progressing to vesicles, papules, pustules, bullae, and eventual necrosis despite
multiple interventions. The condition was complicated by secondary infection and swelling,
with laboratory findings revealing mild leukocytosis, eosinophilia, and elevated HbAlc,
confirming newly diagnosed diabetes mellitus. Multidisciplinary management involving
antimicrobial therapy, antifungal agents, wound care, and lifestyle modifications led to
clinical improvement and glycemic stabilization. This case underscores the potential for BD
to progress to necrosis in poorly controlled diabetes and highlights the importance of early
diagnosis and comprehensive management.

Keywords: Bullosis diabeticorum, diabetic foot, bullous lesions, necrosis, diabetes mellitus

OWABETUYECKWU BYNNE3, OCNNOXXHEHHbLIA BTOPUYHOW MH®EKLUMEN U
HEKPO30OM, Y 29-IETHEIO MY>KY1HbI C BNEPBbIE QUATHOCTUPOBAHHbIM
CAXAPHbIM OAUABETOM: KMTMHWYECKWUU CNYYAN

Xammap Dxammann!, [iunak Yaynaraiu?,’

ICrymeHT-Menuk [Ixkanan-A6aaCcKoro rocyaapCcTBeHHOro yHuBepcurera um. b. OcMoHoBa
ZYKTOPOACKMIE HAlIMOHATbHBIN YHUBEPCUTET, YSKrOopo, YRpanHa

SI>kanan-AbaacKuil MesKAYHAPOIHbIV YHUBEpCUTET, [xkanan-Abam, Keipreiacrtan

AHHOTaUA

Huabetnyeckuii 6ymne3 ([Ib) — pemkoe KOsKHOe TIPOSIBJIEHME caxapHOro auabeTra, XapakTe-
pusyloleecs: CIIOHTaHHBIMY OYJ/IJIE3HBIMM BBICHITTAHUSIMU, TIPEMMYIIIeCTBEHHO Ha KOHEUHO-
cTsIX. B JTaHHOM COOOIIeHMM OTTChIBAeTCs 29-1eTHUI BOOUTEIb aBTOMOOMIS 13 [lybas, y Ko-
TOPOTo GBI 3y/1, Ha IIPaBO¥i CTOTIe, ITPOTPECCHUPYIOLINI 10 00pa3oBaHMsI Be3UKYJI, ITaIyJl, ITyCTYII,
Oy/UT ¥, B KOHEYHOM MTOTe, HEKpO3a, HECMOTpPsI Ha MHOTOUMC/IeHHbIe BMelaTenbcTBa. CocTo-
sTHME OCJIOKHWJIOCh BTOPUYHOI MHGeKIMel M oTEKOM. JlabopaTOpHbIe TaHHbIE BBISIBUIIN JIET-
KU1 JIEVIKOIIMTO3, 503MHOMWINIO U TTOBbIIIeHHBI YpoBeHb HbA1lc, UTO ITOATBEpAMIIO BIIEPBbIE
BBISIBJIEHHBIV caxapHblii nrabeT. MHOTOIpodmIbHOe JiedeHe, BKIoJaloliee aHTUMUKPOOHYIO
Tepario, MpOTUBOTPMOKOBBIE ITperapaThl, X0/ 3a paHOl U U3MeHeHNe 00pa3a sKU3HMU, TPUBe-
JI0O K KIMHUYECKOMY YIYUIIeHUIO M CTabMmImM3arm inkeMun. JIaHHbIN CTydail MoguépKuBaeT
BEPOSITHOCTh TporpeccupoBanus BJl 1o HeKpo3a Mpy IUIOXO KOHTPOIMPYyeMOM JuabeTe U
MOIYepPKMBAET BEXKHOCTb PAHHEN NIMAarHOCTUKM U KOMILJIEKCHOTO JIeUeHUSI.

Kmouessie cimoBa: Bullosis diabeticorum, nuabetuueckas croma, Oy/ie3Hble OPaskKeHMsI,
HEKpO3, caxapHbIit 1uabeT
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Introduction

Bullosis diabeticorum (BD), or diabetic bullae, is an uncommon dermatologic complication
of diabetes mellitus, manifesting as tense, fluid-filled blisters, primarily on the lower
extremities [1, 2]. Although its etiology is poorly understood, associations with poor glycemic
control, neuropathy, and microangiopathy have been proposed [3]. Typically self-limiting, BD
can become complicated by secondary bacterial or fungal infections, leading to ulceration,
necrosis, and significant morbidity [4]. Risk factors include longstanding diabetes, male
gender, and peripheral neuropathy, with lesions often arising spontaneously or following
minor trauma. Histologically, BD shows intraepidermal or subepidermal cleavage without
significant inflammation, distinguishing it from autoimmune bullous disorders. This case
report details a rare presentation of BD in a young male with newly diagnosed diabetes,
complicated by secondary infection and necrosis, emphasizing the critical role of prompt
diagnosis, glycemic optimization, and integrated care to prevent severe outcomes such as
amputation.

Case Presentation

A 29-year-old male car driver from Dubai, with an 8-hour daily work schedule involving
prolonged sitting and potential exposure to heat and friction, presented with a one-week
history of pruritus on the dorsal right foot, rapidly progressing tovesiclesand papules (Figure 1).
Vital signs were unremarkable (blood pressure 120/80 mmHg, heart rate 78 bpm, temperature
36.8°C), and the patient reported no systemic symptoms such as fever, malaise, or weight
loss. He had no prior history of diabetes, skin disorders, allergies, or immunosuppressive
conditions, and denied recent trauma, insect bites, or exposure to irritants.

Initial management with topical aciclovir 5% cream (suspecting a viral etiology like herpes
simplex) and oral ebastine (10 mg daily for antihistaminic relief) provided no improvement
after 5 days. The lesions spread distally, forming intertarsal pustules (Figure 2), prompting
hospital evaluation. Pustule drainage revealed seropurulent fluid, and sterile bandaging was
applied. However, new lesions emerged on the plantar surface within a week, accompanied
by diffuse erythema, edema, and warmth suggestive of cellulitis (Figures 3, 4). The patient
reported increasing pain (VAS score 6/10) and difficulty bearing weight.

Oral ampicillin-cloxacillin (500 mg twice daily for 7 days) was initiated under medical
supervision, but symptoms worsened with progressive swelling, erythema, and induration.
Subsequent treatment included itraconazole (100 mg daily for 7 days, suspecting fungal
superinfection), serratiopeptidase (10 mg thrice daily for anti-inflammatory and fibrinolytic
effects), and fusidic acid cream applied topically twice daily (Table 5). Two tense, fluid-filled
bullae (approximately 2-3 ¢m in diameter) developed on the lateral foot margin (Figure
7), requiring aseptic drainage and daily wound care with saline irrigation. Despite these
interventions, the plantar surface became necrotic and eschar-formed within two days (Figure
6), followed by dorsal necrosis the next day. Sensory examination revealed intact pressure and
fine touch sensation, with no evidence of peripheral neuropathy on monofilament testing.

Treatment was escalated to mupirocin 2% ointment (applied twice daily for broad-spectrum
bacterial coverage), terbinafine (250 mg daily for antifungal therapy), levofloxacin (500 mg
daily for gram-negative coverage), and metronidazole (500 mg thrice daily for anaerobic
organisms). Initial healing was noted with reduced exudate and eschar sloughing over several
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days, but three days later, multiple dorsal bullae recurred (Figure 8), necessitating repeated
drainage and debridement. Clinical examination at this stage revealed hyperpigmented,
necrotic skin on the toes and dorsum with bullous lesions, crusting, malodorous exudate, and
surrounding maceration (Figures 1-10). No signs of deep tissue involvement, such as crepitus
or probing to bone, were observed, and radiographs ruled out osteomyelitis.

Laboratory findings on admission included mild leukocytosis (WBC 11.0 x 10%/uL, reference
4-10), neutrophilia (64.31%), eosinophilia (8.63%, reference 1-6), lymphopenia (19.11%,
reference 20-40), and elevated red cell distribution width (RDW-CV 14.3%, reference
11.6-14.0), suggesting inflammatory response and possible nutritional deficiency. Repeat
hematology confirmed persistent leukocytosis (WBC 10.60 x 10%/uL) and neutrophilia (71%).
Pus culture yielded no bacterial growth, possibly due to prior antibiotic use. Random blood
glucose was within normal limits (116 mg/dL), but HbAlc was elevated at 6.00% (reference
<5.7%), confirming pre-diabetes transitioning to overt diabetes (Tables 11-14).

A comprehensive wellness panel four weeks post-infection revealed borderline dyslipidemia
(HDL cholesterol 39.50 mg/dL, reference 40-60, indicating increased cardiovascular risk;
LDL cholesterol 132.00 mg/dL, reference <100 optimal, suggesting early atherogenesis),
vitamin D deficiency (25-OH vitamin D 10.93 ng/mL, reference <20, potentially impairing
immune function and wound healing), and mild iron deficiency (serum iron 63.00 pg/dL,
reference 65-175, linked to chronic inflammation). Persistent leukocytosis (WBC 11.70 x 103/
pL) and eosinophilia (9.10%, absolute 1.10 x 103/uL, reference 0.02-0.5) indicated ongoing
subclinical inflammation, possibly exacerbated by medications or occupational exposures
such as prolonged driving in a hot climate (Tables 15-17). Thyroid function, renal profile,
and hormone assays were unremarkable.

Following diabetes diagnosis, lifestyle interventions were implemented, including a low-
glycemic diet (emphasizing whole grains, vegetables, and lean proteins), moderate exercise
(30 minutes of walking daily, adjusted for foot healing), vitamin D and iron supplementation,
and metformin initiation (500 mg twice daily). These measures normalized glucose (average 110
mg/dL) and lipid profiles within two months, correlating with lesion improvement. Wound care
continued with regular debridement, hydrocolloid dressings, and offloading using orthopedic
footwear, leading to gradual epithelialization without scarring or amputation (Figure 18).

e Figure 1: Initial dorsal » Figure 2: Spreading of » Figure 3: Swelling and
foot with vesicles, papules infection in toes redness after cleaning the
and early bullae showing wound in second week of

erythema and swelling infection look like cellulitis
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e Figure 4 : Extension of e Figure 6: Foot with crusting * Figure 7: Comparing the
infection to planter surface and healing lesions healthy and infected foot after
recurrence of bullae after 3
days of cleaning

|

e Figure 10: Result after
cleaning and bandages with

=]

* Figure 8 : progression e Figure 9: Dorsal foot in later saline solution, povidone-
of bullous formation after stage with residual necrosis iodine , hydrogen peroxide
debridement and bullae After drainage and triple antibiotic ointment

» Table 5: Prescription started after two week of infection

Medicine Name Strength | Dosage | Frequency | Duration | Qty Remarks

Itrazol 100Mg 4 Tab | 100 Mg 1 Every 12 7D 14 Use 1 Capsules Every 12

Hours Hours For A Duration Of 7
Days. After Food
Amoclan Forte 125 Mg/ 1 Every 12 3D 6 Use 1 Tablets Every 12 Hours
625Mg Tab 15S 500 Mg Hours For A Duration Of 3 Days.
After Food

Fucidin Cream 30Gm 2% 1 Every 12 7D 1 Use 1 Gm Every 12 Hours For

Hours A Duration Of 7 Days
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* Table 11: Hematology report leukocytosis & eosinophilia

Test Name Result Units Ref. Range Method

WBC Count 11.03* 10%/uL. 4-10 El. Impedance
Neutrophils (%) 64.31 L % 40-80 ElL. Impedance
Lymphocytes (%) 19.11L % 20-40 ElL Impedance
Monocytes (%) 7.80 % 2-10 El. Impedance
Eosinophils (%) 8.63H % 1-6 EL Impedance
Basophils (%) 0.15 % 0-1 ElL. Impedance
RBC Count 5.38 108/uL. 4.5-5.9 El. Impedance
HEMOGLOBIN (Hb) 16.31 g/dL 13-17 ElL Impedance
HEMATOCRIT (HCT/PCV) 48.7 % 40-50 El. Impedance
MCV (Mean Cell Volume) 90.6 fL 78-100 Calculation
MCH (Mean Cell Hemoglobin) 29.9 pg 27-32 Calculation
MCHC (Mean Cell Hemoglobin 29.9 g/dL 31.5-34.5 Calculation
Conc)

RDW CV 13.1 % 11.6-14.0 ElL. Impedance
RDW SD 45.5 fL. 36.5-46.0 El. Impedance
Platelet Count 354.9 103/uL. 150-400 El. Impedance

* Table 12: Additional hematology confirming infection markers

Test Name Result Ref. Range Units Method
RBC (CBC sample) 4.80 4.5-5.9 108/uL. Hydrodynamically focused DC
Haemoglobin 14.30 13.5-18 g/dL RBC pulse height
Hematocrit 43.30 40-58 % Cell count computation
MCV 90.3* 80-101 fLL Cell count computation
MCH 29.6 27-35 pg Cell count computation
Red Cell Distribution Width 104 H 11-16 % Cytometry Flow
Total WBC Count 104 H 3.4-10.4 10%/uL. Cytometry Flow
Neutrophils (%) 71.60 40-75 % Fluorescence Flow
Lymphocytes (%) 18.6 L 20-40 % Fluorescence Flow
Eosinophils (%) 4.7 1-6 % Cytometry Flow
Monocytes (%) 3.7 2-10 % Cytometry Flow
Basophils (%) 0.3 0-2 % Cytometry Flow
Absolute Neutrophil Count 7.53H 2-7 103/uLL Cytometry Flow
Absolute Lymphocyte Count 1.76 1-3 103/uL Fluorescence Flow
Absolute Eosinophil Count 0.50 0.02-0.5 10%/uL Cytometry Flow
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* Table 13: Report of specimen culture of pus

Section Detail Result
Investigation MICROBIOLOGY -
Specimen Pus -
Culture Pus No Pathogen Grown after 36 hours of Aerobic Incubation
Note - *#* Kindly correlate with Clinical History
* Table 14: Biochemistry report with normal random blood
Test Name Result | Biological Interval Reference Units Specimen Test Method
Random Blood Sugar 116 Diabetic: >‘200‘mg/dL (ADA mg/dL | Fluoride Plasma Enzymatlc
Guidelines) Hexokinase

Notes: Factors such as type and time of food intake, infection, physical or psychological stress, exercise and
drugs can influence the blood glucose level.

* Table 15: Hematology report after 4 weeks of infection

Test Name Value Units | Bio. Ref. Range Methodology
*Total Leucocytes Count (Wbc) 11.70 | X10°Ml 4.0-11.0 Coulter Principle
*Hemoglobin 16.20 G/DI 13-17 Photometric Measurement
*Platelet Count 372.00 | X10°/Ml 150-410 Coulter Principle
*Total Rbc 5.38 | X109Ml 4.5-5.5 Coulter Principle
*Hematocrit (Pcv) 48.70 % 40-50 Calculated Rbc
Mean Corpuscular Volume (Mcv) 90.60 Fl 78-101 Derived Rbc Histogram
Mean Corpuscular Hemoglobin (Mch) 30.20 Pg 27-32 Calculated
Mean Corpuscular Hemoglobin Conc (Mchc) | 33.40 G/DI 31.5-34.5 Calculated
Red Cell Distribution Width - Rdw-Sd 43.80 Fl 37.1-48.3 Derived Rbc Histogram
Rdw-Cv Distribution Width 13.70 % 11.6-14 Derived Rbc Histogram
(Rdw-Cv) Neutrophils 58.10 % 40-80 Histogram/Impedance
*Lymphocyte Percentage 23.40 % 20-40 Optical/Impedance
*Monocytes 8.90 % 2-10 Optical/Impedance
*Eosinophils 9.10 % 1-6 Optical/Impedance
*Basophils 0.50 % <1-2 Optical/Impedance
*Neutrophils - Absolute Count 6.80 | X10°/Ml 2.0-7.0 Calculated
*Lymphocytes - Absolute Count 2.70 | X10°/Ml 1.0-3.0 Calculated
Monocytes - Absolute Count 1.00 | X10°¥/Ml 0.2-1.0 Calculated
*Eosinophils - Absolute Count 1.10 | X10°Ml 0.02-0.5 Calculated
*Basophils - Absolute Count 0.10 | X10°/Ml 0.02-0.1 Calculated
*Mean Platelet Volume (Mpv) 8.80 Fl 7.5-11.2 Derived Plt Histogram
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* Table 16: Lipid Profile, Liver function test after 4 weeks of infection
Test Name Value | Units Bio. Ref. Range Methodology
LIPID PROFILE
Desirable <200 mg/dL, Borderline high 200-239 .

Total Cholesterol 186.00 | mg/dL mg/dL, High >240 mg/dL Enzymatic Assay
*HDL Cholesterol - . Elimination/
Direct 39.50 | mg/dL 40-60 mg/dL, High >60 mg/dL Catalase
*LDL Cholesterol - 132.00 | mg/dL Optimal <100, Near optimal 100-129, Borderline (]:Eor;?r’glna;tlfi/c
Direct ) high 130-159, High >160-189, Very high >190

Method
s . <150 Normal, 150-199 Borderline high, 200-499 .

Triglycerides 133.00 | mg/dL High, >500 Very high Enzymatic Assay
VLDL Cholesterol 26.60 | mg/dL 2-30 Calculated
Non-HDL
Cholesterol 146.50 | mg/dL <160, 160-189 Calculated
TC/.H DL Cholesterol 4.71 Ratio 3.5-5.0 Calculated
Ratio

LIVER FUNCTION TEST
LDL/HDL Ratio 3.34 | Ratio <3.5 Calculated
Ty s ) Vanadate

Bilirubin Total Test | 0.39 | mg/dL 0.3-1.2 Oxidation
FR i TV Vanadate

Bilirubin - Direct 0.14 | mg/dL <0.3 Oxidation
Bilirubin (Indirect) 0.25 | mg/dL 0-0.9 Calculated
*Aspartate IFCC (without
Aminotransferase 22.00 U/L <34 pyridoxal
(SGOT) phosphate)
*Alanine IFCC (without
Transaminase 37.00 U/L 10-49 pyridoxal
(SGPT) phosphate)
*Alkaline IFCC
Phosphatase 97.00 UL 46-116 Standardization
*Gamma Glutamyl Modified IFCC
Transferase (GGT) 52.00 UL <73 Method
*Protein - Total 7.48 g/dL 5.7-8.2 Biuret Method

Dye Binding:
*Albumin - Serum 4.47 g/dL 3.2-4.8 Bromocresol
Green
Serum Globulin 3.01 g/dL 2.2-4.0 Calculated
Sergm ALB/Globulin 1.49 | Ratio >1 Calculated
Ratio
Vol. 2 Issue I 2025 (P ejsmr.org (47
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« Table 17: Renal function test, Diabetic Profile, Thyroid Function test, Hormone Assay, Vitamin
and Iron Profile after 4 weeks of infection

Test Name Value Units Bio. Ref. Range Methodology
Renal Function Test
*Blood Urea Nitrogen (Bun) | 11.57 Mg/DI 9-23 Gldh Kinetic Assay
Bun/S.creatinine Ratio 14.65 Ratio 9:1-23:1 Modified Jaffe Kinetic
Calculated
Est. Glomerular Filtration Ml/
Rate (Egfr) 121.00 Min/1.73M2 >90 Photometry
*Uric Acid 5.74 Mg/Dl 3.7-9.2 Uricase/Peroxidase
. . Enzymatic
* Mg/D1 -
Calcium 8.90 g 8.3-10.6 Colorimetric Method
Diabetic Profile
, Normal <5.7, Pre Diabetes
s 0/ )
Hbalc 6.00 ’ 5.7-6.4, Diabetes >6.5 Hple
Average Blood Glucose 125.50 Mg/Dl 90-120 Calculated
(Abg)
Thyroid Function Test
Adult 0.55-4.78, 1St
*Thyroid Stimulating 1.93 MiwMI Trimester 0.48-2.50, 2Nd Two Site Sandwich
Hormone (Tsh) ’ 0.20-3.00, 3Rd 0.20-3.0, Immunoassay
Newborn >20
*Free Thyroxine (Ft4) 1.40 Ng/Dl1 0.89-1.76 Clia
*Free Triiodothyronine 391 Pg/MI 2349 Clia
(Ft3)
Hormone Assay
*Testosterone 479.70 Ng/Dl 260-1000 Clia
Vitamin
Deficiency <20 Ng/Ml,
*25-Oh Vitamin D (Total) | 10.93 Ng/Ml Insufficiency 20-30 Ng/Ml, Clia
Sufficiency 30-100 Ng/Ml
*Vitamin B-12 354.00 Pg/Ml 211-911 Clia
Iron Profile
Ferrozine Sequential
*Iron 63.00 Mg/Dl 65-175 Release & Uptake Of
Iron
*Total Iron Binding -
Mg/Dl -
Capacity (Tibc) 281.00 g 240-450 Immunoturbidimetry
% Transferrin Saturation 22.42 % 16-50% Calculated
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Discussion

This case presents a rare and severe manifestation of
bullosis diabeticorum (BD) in a 29-year-old male with
newly diagnosed diabetes mellitus, characterized by rapid
progression from pruritus to bullae, secondary infection, and
necrosis [5]. Unlike typical BD, which manifests as painless
blisters in patients with longstanding diabetes, this case was
exacerbated by occupational factors, including prolonged
sitting and potential heat or friction exposure as a car
driver, alongside undiagnosed hyperglycemia, which likely
intensified microvascular and immune dysfunction [1]. The
initial eosinophilia (8.63%) suggests a possible allergic or
environmental trigger, such as footwear irritation or heat
exposure in Dubai’s climate, though parasitic infection was
not confirmed via stool analysis or serology. Differential
diagnoses included bullous impetigo, excluded by negative
pus culture; necrotizing fasciitis, ruled out due to the absence

of systemic toxicity or crepitus; pyoderma gangrenosum * Figure 18: Image after
[6]; and drug-induced bullous pemphigoid [7]. The strong cleaning, drainage of
temporal association with new-onset diabetes and the reoccurred bullous and
response to broad-spectrum antimicrobials and glycemic recovery phase

control confirmed BD with superinfection. Necrosis, a rare complication of BD, highlights
the risks of uncontrolled diabetes, where impaired immunity and tissue perfusion can lead to
tissue death, consistent with prior reports requiring surgical intervention [8].

In 2009, Lopez et al. reported a 54-year-old male with type 2 diabetes and neuropathy
who developed painless bullae on the lower legs and feet without clear triggers. Managed
conservatively with aspiration and topical antiseptics, the lesions resolved within three weeks
without infection or necrosis [10]. In contrast, our patient’s case was complicated by rapid
infectious progression and necrosis, likely due to undiagnosed diabetes and occupational
stressors, highlighting the role of early glycemic control in preventing complications. In 2012,
Bello et al. described two cases of BD triggered by long-distance bus journeys in patients
with poorly controlled type 2 diabetes. The first, a 59-year-old male, developed bilateral
foot bullae with secondary staphylococcal infection, resolving in four weeks with antibiotics and
glycemic management. The second, a 47-year-old female, progressed to purulent discharge and
dry gangrene, necessitating toe disarticulation [11]. Similar to our case, necrosis occurred, but
our patient avoided amputation through aggressive antimicrobial therapy and timely diabetes
diagnosis, suggesting that early intervention can mitigate severe outcomes.

In 2013, Zhang et al. documented a 56-year-old male with longstanding type 2 diabetes
and neuropathy presenting with haemoserous plantar blisters. Conservative management
with aspiration, antiseptic washes, and pressure offloading led to resolution in 3-6 weeks
without complications [12]. Unlike our case, the absence of infection or necrosis may reflect
established diabetes management and lack of weight-bearing trauma, underscoring the
impact of undiagnosed diabetes in our patient’s severe presentation. In 2014, Gupta et al.
reported a 27-year-old male with uncontrolled type 1 diabetes developing painless elbow
blisters following minor trauma (sleeping on a hard surface). Biopsy-confirmed BD resolved
in four weeks with hydrotherapy and elbow protection, without infection or necrosis [13].
The milder course and upper extremity involvement contrast with our case’s lower extremity
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severity, likely exacerbated by weight-bearing stress and occupational factors. These
comparisons demonstrate that BD’s clinical course varies with glycemic control, anatomical
site, and external triggers. Our patient’s young age, undiagnosed diabetes, and occupational
exposures (prolonged sitting, heat, and friction) likely amplified the risk of infection and
necrosis, distinguishing this case from milder presentations [10,12,13]. The progression to
necrosis aligns with the severe case reported by Bello et al. [11], though our patient’s favorable
outcome, avoiding amputation, underscores the efficacy of escalated antimicrobial therapy
and early glycemic intervention. Initial treatment resistance necessitated broad-spectrum
antimicrobials targeting polymicrobial infection, including anaerobes, reflecting the
complexity of superinfected BD. Early HbA1c screening was pivotal, as glycemic optimization
facilitated healing [3]. Addressing comorbidities, such as dyslipidemia, vitamin D deficiency,
and iron insufficiency, through lifestyle modifications and supplementation further supported
recovery and reduced recurrence risk. This case advocates for a multidisciplinary approach,
integrating dermatology, endocrinology, infectious disease expertise,and podiatry, potentially
incorporating advanced therapies like negative pressure wound therapy for refractory cases.

Conclusion

Bullosis diabeticorum can manifest aggressively in young patients with undiagnosed diabetes,
progressing to necrosis when complicated by secondary infections. Early diagnosis, optimized
glycemic control, and targeted antimicrobial therapy are critical to mitigating morbidity.
This case underscores the importance of screening for diabetes in patients presenting with
unexplained bullous foot lesions and highlights occupational factors as potential precipitants.
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Abstract

Introduction: Benign prostatic hyperplasia, is one of the most prevalent disorders that affects
male population in every part of the world. The incidence of BPH has increased over the past
ten years due to an increase in modifiable risk factors, such as obesity and metabolic disease
whereas aging is found to be the most common non modifiable risk factor for BPH.

Objective: The main objective of this study is to find the epidemiology and presentation of
BPH cases with their treatment modilaty at hospital in Jalalabad.

Method and methodology: Its a retrospective study of 75 patients who were diagnosed with
BPH and came for different types of intervention and treatment in City Hospital in the year
2022 at Jalalabad, Kyrgystan.

Results: The age distribution in this study shows the maximum respondents age group of
60-75 years with 66.6%. According to our study 61.33% of the respondents are having a BMI
value more than 25. More than 70% respondents were following up case of BPH who were
under medication. Most of respondents had multiple disease whereas most common associ-
ate disease are hypertension (22.6%) and diabetes mellitus (13.3%). On symptoms analysis,
Frequency of micturation was most common presentation found (86.66 %). Among the re-
spondent, 41.33% were suffering from moderate symptoms and 38.66% were suffering from
severe symptoms. 56.66% of the respondents have prostate size between 40-90cc and most
common complication associate was acute retention of urine (9.33%). Most of respondent
(49.4%) were currently on medical management and 34.6% of respondents underwent sur-
gical management. patient who patient who underwent surgery, 80.76 % underwent TURP
followed by open prostatectomy.

Conclusion: The study shows that the increasing age is the risk factor for the prevalence of BPH.
In the future, this condition will undoubtedly become even more common and a significant bur-
den for all health care systems due to a shifting demographic profile and an aging population in
practically every society. Exercise and nutrition recommendations are crucial strategies in addi-
tion to medication and surgery, as they empower patients to take charge of their own health.

Keywords: Benign Prostatic Hyperplasia (BPH), Epidemiology, Hospital

MCCNEONOBAHMUE, NPOBEAEHHOE B YCNTOBUAX CTALLMOHAPA:
ANMUAEMONOrna u NPOABIEHUA JOBEPOKAYECTBEHHOW MTMNEPMITA3UN
NMPEACTATEJIbHOW XENE3bI

Actanos lllaBkaT6ek MomuHmkaHoBuu!, PaBu Poman Xamgka?, MuHa I'bsiBasin?, Myxammeq, Scun InxaBymmnHS,
AnBaitT ATpanynukkan

UTkanman-A6aacKkuit MeXXTYHApOIHbIN YHUBepCUTeT, Ikanan-A6amn, KelpreiscTad

2A3MaTCKUiT MeKIyHAPOIHbIN YHUBEPCUTET, byxapa, Y36ekucran

SIxkanan-A6amcKuit rocyqapCTBEHHbI YHUBepCUTeT, [Ixkanan-Abam, Kbiprei3cTaH
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AHHoTanua

BBenmenmne: JJo6pokauecTBeHHAs] TUIIEpIUIa3us MpeacTaTeabHo kenesbl (IITDK) — omHO
M3 CaMbIX pacIIpPOCTPaHEHHBIX 3a00JeBaHMIA, ITOPAKAIIMX MYKCKOe HaceJeHyue BO BCEM
Mupe. 3aboneBaemocth JAITDK yBenmumiaach 3a MocjaeqHue OECSITh JeT B CBSI3M C POCTOM
MoauUIMPyeMbIX (aKTOPOB PUCKA, TAKUX KaK OKMPEHNE 1 MeTabonmndeckye 3ab601eBaHmsl,
B TO BpeMsI KaK CTapeHue SBJISeTCs Haubojiee pacrpoCTpaHEeHHbIM HeMOAM(UIMPyeMbIM
dakTopom pucka AI'TDK.

Ienb: OCHOBHAS Lie/ib JAHHOTO UCC/IeA0BAHMS — U3YYUTD SMUAEMUOIOTUIO U KIIMHUYECKYIO
KapTMHY C/ydyaeB JOOPOKAaueCTBEHHOV TUIepIviasum IpeacrateabHoi xenessl (AT'TDK) c
y4eTOM MEeTOIOB UX JieueHus B 6osbHUIIE T. [Ikanan-Abdaz,.

MeToposnorusi: [IpoBeieHO peTpPOCIeKTUBHOe MccIegoBaHue 75 MalyeHTOB ¢ AMarHo30M
OTTDK, o6paTuBIIMXCS B TOPOACKYI0 60nbHMITY B 2022 roay B I. Ikanan-A6am, Kelprei3craH,
IIJISI IPOBeAeHMS Pa3/IMYHbIX BUIOB BMEIIATEIbCTBA U JIEYEHMSI.

PesyabraTbl: Bo3pacTHOe pacripefesieHVe B JaHHOM MCC/IeAOBaHMUM TMOKa3biBaeT MaKCU-
MaJIbHYI0 BO3PACTHYIO TPYMITy pecrnoHeHTOB 60-75 neT — 66,6%. CornacHO HalleMy uccie-
JoBaHUIO, 61,33% pecriongeHToB umenu UMT 6omee 25. Bonee 70% pecroHIeHTOB HAxX0-
IVIuch non HabmogeHueM B ¢Bsi3u ¢ [IT'TDK u nmpuHMMany jieKapCcTBeHHbIe mpenaparthl. Y
OOBIIMHCTBA PECIIOHIEHTOB MMeIOCh HeCKOIbKO 3ab01eBaHMit, HanboIee pacrpoCTpaHeH-
HBIMM 13 KOTOPBIX SIBJISIIOTCS TUIIepTOHMS (22,6%) 1 caxapHbIit nuabet (13,3%). [Ipu ananuse
CMMIITOMOB Haubojiee pacIpoCTpaHEHHBIM ITPOSIBJIEHMEM OBLIO yUallleHHOEe MOYeMCITyCKa-
Hue (86,66%). Y 41,33% pecrioHAeHTOB HAOI0Ia/IICh YMEpPeHHbIe CMMIITOMBI, a Y 38,66% —
TspKesbie. Y 56,66% pecrioHIeHTOB pa3Mep IpeAcTaTeaIbHOl skejae3bl coctasist 40-90 cm3,
a HamboJiee YaCThIM COMYTCTBYIOIIMM OCIOKHEHMEM OblIa oCcTpast 3aaepskka Moun (9,33%).
BonbIIMHCTBO pecnioHIeHTOB (49,4%) B HaCTOsIIIee BpeMsl HaXOOWIMCh Ha (papmMaKkoTepanmu,
a 34,6% pecrioHIeHTOB IPOULINU XUpypruueckoe jevenue. 80,76% IalMeHTOB, IepeHeCIInx
ornepanuto, neperecyit TYPII, a 3aTeM OTKPBITYIO IIPOCTATIKTOMUIO.

3akimoueHue: VicciemoBaHye TOKa3bIBAET, YTO BO3PACT SIBJISIETCST PAKTOPOM pyUCKa Pa3BUTUS
OTI'TDK. B 6ymyiiem 3To 3ab0ieBaHe, HECOMHEHHO, CTAHeT ellle 6ojiee pacipoCcTpaHeHHbIM U
CTaHeT 3HAUNUTEeIbHbIM OpeMeHeM [JIS BCeX CUCTEM 3IPaBOOXpaHeHMs B CBSI3Y C MU3SMEHEeHeM
Jemorpaduueckoro nmpoduis U CTapeHreM HaceJleHUs MPaKTUUEeCKM B KaxkKAoM OOIIecTBe.
PekomeHganuyu 10 (PU3MUECKUM YIIPAKHEHUSIM UM TUTAHUIO SIBJISIIOTCS BasKHEMIIVMMMU
CTpaTerusiMiu, IMOMMUMO MeIMKAMEHTO3HOI Tepanuyu U XUPYPrMueckoro BMeIIaTeIbCTBa,
ITOCKOJIBKY OHM TTO3BOJISIIOT MAI[ieHTaM CAMOCTOSITE/IbHO 3a00TUTHCSI O CBOEM 3[IOPOBBE.

KinoueBbie cmoBa: JJo6poKauecTBeHHAs! TUIIEPIUIa3us IpeacTaTeabHoi kenessl (IITDK),
onuaeMuosorus, bonbHuia

© 2025. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CC BY, which allows others
to freely distribute the published article, with the obligatory reference to the authors of original works and original publication in this journal.

Introduction

Benign prostatic hyperplasia (BPH) is a nonmalignant growth or hyperplasia of the prostate
tissue and is a very common cause of lower urinary tract symptoms (LUTS) in old-aged
men. Disease prevalence is seen to be increasing with advancing age.Risk factors for the
development of BPH include family history, diabetes, diet, genetic factors, obesity and
metabolic syndrome. [1]
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The symptoms of BPH include urinary frequency, urgency, lower urinary tract symptoms,
incomplete bladder emptying, urinary retention, weak urinary stream, post-void dribbling and
UTIs.Clinical examination includes Digital Rectal Exam (DRE) which allows for assessment
of the size and condition of the prostate gland.[2] Tests commonly performed for patients
with benign prostatic hyperplasia (BPH) include, Prostate-Specific Antigen (PSA) Test which
measures the level of PSA, a protein produced by the prostate gland. Urinalysis for signs of
infection.Uroflowmetry which is a non-invasive test measures the rate and amount of urine
voided to assess urinary flow and potential obstruction, Ultrasound abdomen uses ultrasound
waves for the imaging the prostate and surrounding tissues for the evaluation of size and
structure of the gland.[3]

Medications commonly prescribed include alpha blockers such as tamsulosin, terazosin,
and doxazosin, which relaxes the prostate and bladder neck muscles to improve urine flow.
Additionally, 5 alpha reductase inhibitors are added for large (>40 gram) symptomatic
prostrate, which reduces the size of prostate. Patients with surgical indication commonly
undergoes transurethral resection of prostate. [4]

In 2019, the global incidence of benign prostatic hyperplasia was 94 million cases compared
to 51.1 million in 2000. The age-standardized prevalence of benign prostatic hyperplasia
was 2480 per 100,000 people. Although the global number of prevalent cases increased by
70.5% between 2000 and 2019, the global age-standardized prevalence remained stable.[5] In
Eastern Europe, age-standardized prevalence was between 6480 and 987 per 100,000 in 2019,
followed by North Africa and the Middle East.[6]

In a comprehensive survey for 2021-2022 with 3265 men of various ages in Kyrgyz Republic,
showed the early incidence and prevalence of prostate diseases in Chui region (12%), Issyk-
Kul region (36%), Talas region (32%), Osh region (13%) and Jalal- Abad regions (9%). Among
the men who applied, 37.8% were urban residents and 62.2% were rural residents. In the
survey, 28.4% of the men (in the group of middle and old age) were suffering from Benign
prostate hyperplasia. [7]

Methods and methodology

This was a retrospective, descriptive study which was done for a year period of time in the
year 2022 in the Urology department of City hospital in Jalalabad. After ethical clearance from
committee board and hospital authorities, we have used standard questionnaire to collect the
data for final conclusion. There were total 75 patients who were undertaken for this study.
The data that are summarized in this study were collected from different sources like folders
of investigations, patient’s registers, hospital and surgical records from the hospital.

Results

« Table 1. Distribution of respondents according to their respective age

Responses Frequency Percentage
40-59 19 25.33
60-75 50 66.6

75 and above 6 8
Total
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Above Table shows that the distribution of respondents according to their age which shows
the maximum age group belongs to 60-75 years with 66.6% and followed by age group 40-59
(25.33%) .

» Table 2. Distribution of respondents according to their BMI

Responses Frequency Percentage
24.9 or below 29 38.66
25.0 or above 46 61.33

Total 75 100

The distribution of respondents according to their Body Mass Index (BMI) which shows
majority 61.33% of the respondents are having a BMI value 25.0 and above and remaining
38.66% of respondents were having the BMI value of 24.9 and below.

» Table 3. Distribution of respondents according to their history and the time it was diagnosed

Respondents Frequency Percentage
More than 1 years ago 36 48
Less than a year ago 17 22.66
New cases 22 29.33
Total 75 100.0

According to the previous history of diagnosis, above table shows 48% respondents were
diagnosed for more than 1 year ago 29.33% respondents were newly diagnosed and remaining
22.6% respondents were diagnosed less than 1 year ago only.

» Table 4. Distribution of respondents according to other health conditions they experience

Responses Frequency Percentage
Diabetes Mellitus 10 13.33
Hypertension 17 22.66
Heart Diseases 8 10.66
Pulmonary Diseases 6 8
Multiple Diseases 28 37.33
No Diseases 6 8
Total 75 100

Above Table shows majority 37.33% of respondents had multiple disease where as 22.6%
respondents had hypertension, 13.3% had diabetes mellitus and 10.6% had some heart
diseases and remaining 8% had pulmonary diseases and remaining 8% had no any diseases
along with their current problem.
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urinary symptoms associated with BPH

Responses Frequency Percentage
Frequency of micturition during daytime
No 10 13.33
yes 65 86.66
Frequency of micturition during night time (Nocturia)
None 13 17.33
Once 24 32
2 or more 38 50.66
Urgency to Urinate
No 14 18.66
yes 61 81.33
Intermettency
No 17 22.66
yes 58 77.33
Weak urine stream
No 12 16
yes 63 84

Sense of incomplete voiding of the bladder

No 16 21.33
yes 59 78.66
Strain during urination
No 14 18.66
Yes 61 81.33
Other symptoms
Acute urinary retention 11 14.66
Hematuria 3 4

Severity of urinary symptoms (IPSS score)

0-7 Mild 15 20
8-19 Moderate 31 41.33
20-35 Severe 29 38.66

« Table 5. Distribution of respondents according to the presenting

The above table on symptoms assessment shows frequency of micturation was most common
presentation found in 86.66 % of the respondents, followed by weak urinary stream (84%) and
Nocturia (82.66%). Among the respondent, 38.66% were suffering from severe symptoms and
14.66% presented with acute retention of urine.
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» Table 6. Distribution of respondents according to the findings of relevant diagnostic test--done

Responses Frequency Percentage
Size of Prostate (USG abdomen)
Below 5*3*5 (40 cc) 29 38.66
Between 5*3*5-6%4*6 (40-90 cc) 41 54.67
Above 6*4*6 (>90 cc) 5 6.67
Other Findings (USG & Lab)
Bladder Calculi 2 2.66
Hydronephrosis 3 4
UTI 7 9.33

Above Table on Laboratory and Diagnostic Tests shows that 54.67% of the respondents have
prostate size between 40-90cc and 6.67% have huge prostate. 14.66 % respondent developed
UTI while 4% have hydronephrosis and 2.66 % have associate bladder calculi.

» Table7. Distribution of respondents according to current treatment status for BPH

Responses Frequency Percentage
Obervation and follow up 12 16
Medical management 37 49.4
Surgical management 26 34.6
Total 75 100

Above Table shows 49.4% of respondents are currently on medical management as a treatment
for BPH and 34.6% of respondents went through surgical management and remaining 16%
respondents were under observationa and follow up for their condition.

« Table 8. Distribution of respondents according to the surgery performed for BPH

Response Frequency Percentage
TURP 21 80.76
Open surgery 5 19.23
Total 26 34.7
Additional intervention
Urethral catherization 5 6.7
Suprapubic cystostomy 2 2.7
Total 7

Above Table shows, out of 26 patient who underwent surgery, 80.76 % underwent TURP, while
for rst of cases, open prostatectomy was done. Out of 9 cases of acute retention of urine;
5 patients were managed by urethral catheterization and 2 were managed by suprapubic
cystostomy. After cathererization, 4 patients underwent surgical management and 3 were

discharged with medical management and follow up plan.
Vol. 2 Issue I 2025
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Discussion

Benign prostatic hyperplasia (BPH) refers to the non-malignant growth or hyperplasia of
prostate tissue and is common cause of lower urinary tract symptoms (LUTS) in older men. This
study aims to investigate the epidemiology and presentation of Benign Prostate Hyperplasia
(BPH) cases at the hospitals in Jalalabad, Kyrgyzstan. Disease prevalence has been shown
to increase with advancing age. In our survey, more than 70% cases were diagnosed case of
BPH under management where as in the survey conducted by Lim K.B, in his study it shows
that on prostate disease awareness, 55.2% of respondents claimed they were unaware of the
condition, 11.3% of respondents were unable to assess their own health, 52.2% of respondents
said they did not trust doctors, however, 41% of respondents reported that the disease was
detected for the first time. [8]

Most of the respondents belongs to age group 60-75i.e., 66.6% and the respondents who were
aged between 40-59years of age were 25.33%. A systematic analysis for the Global Burden of
BPH showed men aged 65-74 years shared the greatest absolute burden of benign prostatic
hyperplasia, accounting for 42% of the total prevalent cases. Our findings are consistent with
global standard (9). A study done in mainland China, shows the prevalence of BPH was with
increasing age after the age of 40 years. (10)

According to our data majority men with BPH i.e 61.33%, have BMI 25 or above and rest of
patient have BMI less than 25. The growth of the prostate gland corresponds with body mass
index (BMI) and waist circumference. According to the WHO classification BMI greater than
35kg/m2 have a 3.5 times higher risk of developing BPH (10). Study conducted by Betai K et
al showed significant correlation of BMI with prostate volume. Patients with larger prostates
(>75cc) had significantly higher BMI compared to patients with smaller prostate volume
(<75cc) (11)

Fowke and colleagues showed that prostate volume was significantly positively associated
with BMI, waist-hip ratio, waist circumference, percent body fat, total fat mass, and total lean
mass [12]. Kim et al. demonstrated positive correlations between BMI and prostate volume
and between BMI and International Prostate Symptom Score among Korean men [13].

In our study, majority 37.33% of respondents had multiple disease where as 22.6% respondents
had hypertension, 13.3% had diabetes mellitus and 10.6% had some heart diseases and
remaining 8% had pulmonary diseases. There have been multiple studies interested in
demonstrating the link between metabolic syndrome and BPH, but findings have been
inconsistent. Some studies have reported how diabetes and hyperlipidemia [14,15) were
correlated with BPH, while other studies have failed to demonstrate an association [16]. On
comparison with the study on Effect of Obesity and Hyperglycemia on BPH in Elderly Patients
with Newly Diagnosed Type 2 Diabetes, the respondents with diabetes mellitus typel where
more prone to have BPH (17). Ageing population has higher incidence of cardiovascular
disease and diabetis. BPH occurs at a high frequency in the aging man and is usually present
with 1 or more comorbidities. Accordingly, the choice of BPH treatment should be guided by
the presence of medical conditions such as diabetes, metabolic syndrome, CV disease and
hypertension (18)

Symptoms assessment of BPH patient in our study shows, frequency of micturation was most
common presentation found in 86.66 % of the respondents, followed by weak urinary stream
(84%) and Nocturia (82.66%). Among the respondent, 41.33% were suffering from moderate
symptoms & 38.66% were suffering from severe symptoms and 9.33% presented with acute
retention of urine. Although BPH is not a life-threatening condition, the impact of BPH on
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quality of life can be significant and should not be underestimated.Moderate-to-severe LUTS
was seen in 41 % of the patients on community-based done in the United Kingdom (18,19)
and Literature review showed frequency was the most common symptoms followed by weak
urinary stream and dribbling of urine (20), these findings were consistent with our study.

Study shows that 56.66% of the respondents have prostate size between 40-90cc and 6.66%
have huge prostate.In this studyit shows that 14.66 % respondent developed acute retention of
urine and 9.33% UTI, while 4% have hydronephrosis and 2.66 % have associate bladder calculi.
The commonest range of prostate volume was 50-89 cc as shown in study done by obiesie
et al.Review article by speakman M] showed, the most common presenting complication of
BPH that requires hospitalization is acute urinary retention, which greatly affects patients’
quality of life and is an important health issue. Many of the other complications of BPH are in
part due to complications of chronic urinary retention; these include recurrent urinary tract
infections formation of bladder calculi, hematuria, and damage to bladder wall and kidneys.
Finally, there is an important association between BPH/BOO and male erectile dysfunction.
(21)

Our study showed, 49.4% of respondents are currently on medical management as a treatment
for BPH and 34.6% of respondents went through surgical management and remaining 16%
respondents were under observational and follow up for their condition. Out of 26 patient
who underwent surgery, 80.76 % under went TURP, while for rest of cases, open prostatectomy
was done. Out of 9 cases of acute retention of urine; 5 patients were managed by urethral
catheterization and 2 were managed by suprapubic cystostomy. After cathererization, four
patient underwent surgical management and 3 were discharged with medical management
and follow up plan.

After lifestyle modifications, medication is generally first line in the treatment of symptomatic
BPH. Two drug classes became accepted standard care are 5-alpha-reductase inhibitors and
Alpha-blockers. Although monotherapy, with alpha blockers and 5 alpha reductase inhibitors,
is beneficial, the combination of these drugs is highly effective (22). Surgical intervention are
reserved to patient with complications and refractory to medical therapy. TURP has long been
considered the historical gold standard for the surgical treatment of BPH and open techniques
are reserved for large prostate (>90 cc) if Holmium laser enucleation of the prostate (HoLEP)
are not available (23).

Conclusion

In this study it highlights that the increasing incident of Prostatic Hyperplasia is seen with
majority of population with growing age. As we can see in many countries aging population
are increasing in trends which means that the incidence of BPH might be increases in coming
days. With increasing age from the study, it also highlights that the commodities such as
diabetes, hypertension are might lead to more complication with BPH patients. From the
study we can see that in treatment approaches huge number of populations they receive
medical management while few they undergo surgical managements such as transurethral
resection of the prostate (TURP). Overall, as a recommendation we would like to highlight on
healthy dietary pattern, lifestyle modification early screening and diagnosis are essential for
timely intervention and better management of BPH.
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Abstract

Aim and Background: Early Clinical Exposure (ECE) serves to bridge the divide between
preclinical education and clinical practice from the outset of the MBBS program. It enables
students to integrate foundational sciences with patient-centered care, fostering a cohesive
medical education experience. This study evaluated the influence of ECE on the learning
outcomes, motivation, and clinical comprehension of first-year MBBS students at Jalalabad
International University (JAIU).

Objectives: To assess the effects of ECE on student motivation, interest in learning, and
formation of professional identity. To examine how ECE contributes to the foundational
development of medical knowledge among first-year students.

Materials and Methods: A cross-sectional, perception-based study was conducted among
first-year MBBS students following over six months of ECE implementation. A pre-validated
questionnaire comprising 6 demographic items and 9 closed-ended questions addressing all
preclinical subjects was distributed via Google Forms. Data collection spanned two weeks, with
responses analyzed using SPSS version 27. Descriptive statistics (frequencies, percentages,
means) were employed, and statistical significance was set at p < 0.05.

Results: Of the respondents, 92% reported enhanced understanding of basic sciences through
clinical contextualization, 89% indicated increased motivation, 85% noted improvements
in communication skills, 80% affirmed heightened interest in medicine, 78% believed ECE
reduced anxiety in later clinical settings, and 82% reported improved teamwork skills.

Conclusion: ECE during the first year of MBBS at JAIU emerges as an effective educational
strategy, bolstering comprehension, motivation, confidence, and professional orientation
among students.

Keywords: Early Clinical Exposure, MBBS, Preclinical Education, Student Motivation, Clinical
Reasoning

PAHHEE KITMHUWYECKOE OBYYEHUWUE CTYOAEHTOB-MEAUKOB NMEPBOIO KYPCA
XKANAN-ABAOCKOIo MEXXAYHAPOOHOIO YHUBEPCUTETA

Kymap [eiiBanaii', ActanoB IllaBkaT6ek MomunmskanoBuu?, [Iunak Yaynaraiu?,®, ®@apmkana AbpuH?
ICtymeHT-MenuK [Ikanan-A6aIcKoro MeXXIyHaApOAHOTO YHUBepcuTeTa, [Ixkanan-A6am, KbIpreiscTaH
2 lkanman-A6GaacKuit MeXXTyHapOIHbIN YHUBepCUTeT, Ikanan-A6amn, KelpreiscTradn

% VsKropoAcKuit HallMOHAJIbHBIN YHUBEPCUTET, YKTopos, YKpauHa

AnHoTanusa

Ilenp M o6ocHOBauMe: PanHee kinHuYeckoe ooyuenme (PKO) CIy>kuT OJisl IIpeooeHnst
pa3pbiBa MeXAY MOKIMHMUYECKMM O0pa30oBaHMEM M KJIMHMUYECKON IMPAKTUKOM C CamMoro
Hauasa nporpamMmMbl MBBS. OHO mo3BosisieT CTyAeHTaM MHTerpupoBaTh GyHIaMeHTalIbHbIe
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HayKM C TAlMEeHTOOPMEHTMPOBAHHBIM MOAXOAOM K OKa3aHMIO MEeOULMHCKOV ITOMOUIH,
CrIoco6CTBYsT (OPMMPOBAHMIO 1I€JIOCTHOTO MEOMUIIMHCKOTO 00pa3oBaHusl. B maHHOM
uccaeqoBaHuM oleHuBasoch BiausiHue PKO Ha pesynbraThl 00ydeHMsl, MOTUBAIMIO U
MTOHMMaHMe KIMHUYECKOM IMPaKTUKM CTyAeHTaMu IepBoro Kypca MBBS [Ixkanan-A6amckoro
mexayHapogHoro yHuBepcurtera (JAIU). Ilenmn: OuneHUTh BAMSIHME TOKJIMHUYECKOTO
ob6paszoBanus (10) Ha MOTMBALMIO CTYIEHTOB, MHTepeC K 00yuyeHMI0O U (GOpPMUpPOBaHME
npodeCcCMOHATbHON MAEHTUYHOCTU. M3yuuTh, KaK OOKIMHMYECKoe obpasoBaHue ([10)
crioco6¢cTBYyeT GOPMUPOBAHMIO OCHOB MEIUIIMHCKMX 3HAHMIA Y CTYIE€HTOB IepPBOTO Kypca.

Marepuansl M MeTOAbI: BbIJIO MpPOBeeHO IOIlepeuHoe MCCaeoBaHue, OCHOBAaHHOE Ha
BOCIIPUSITUM, CPEIV CTYIEHTOB MepBOro Kypca mnporpammbl MBBS mocie 6oiee uem 1mectu
Mecs1eB BHeApeHMsSI JOKIMHMnYeckoro oopasoBanuus ([10).IIpegBapuTebHO BaIMapOBaHHAS
aHKeTa, BKIOUawIias 6 meMorpadguueckux ITYHKTOB M 9 BOIIPOCOB 3aKPBITOTO THIIA,
OXBaTbIBAIOIIASI BCe AOKIMHMUECKME MCCAedOoBaHMsI, Oblya pacrpocTpaHeHa uepe3 Google
®opmbl. COOp JaHHBIX 3aHSUI ABE HEIe/IM, OTBEThI aHAIM3UPOBAIMCH C TOMOIILI0 SPSS Bepcun
27. Wcrionb30Bajiach ONMMcaTe/lbHas CTaTUCTHUKA (4aCTOThI, IIPOLIEHThI, CpeAHME 3HAUEHMS).
CraTucTuyeckass 3HaUMMOCTb ObIa yCcTaHOBJeHa Ha ypoBHe p < 0,05. PesynbraTel: 92%
peCIIOHAEeHTOB COOOINIIV 00 yyUIlleHMM ITOHMMAaHMsI 6a30BbIX HAyK 6/1arogapsi KIMHNYECKO
KOHTeKCTyanu3auuu, 89% oTMmeTwin MoBbIllieHMe MOTUBALVK, 85% OTMeTWIN yaydllieHue
KOMMYHMKATUBHbBIX HaBbIKOB, 80% MOATBEepAMIN MMOBBIIIIEHHBIV MHTEpEC K MeguuyHe, 78%
cuntaloT, YTo ECE cHMKaeT TpeBOXKHOCTh B [aJIbHeNIel KIMHUYECKOM MpakTuke, a 82%
COOOIIMIM 00 YyUIIeHUM HaBbIKOB KOMaHIHOM paboThI.

3akmwouenue: ECE B TeueHle 1epBoro rojaa ooyueHus mo rporpamme MBBS B YHuBepcurere
Ixaiinmypa-Aiinenna (JAIU) mnpencrasiser coboit  3d¢eKTuBHYI0 00pa30BaTelbHYIO
CTpaTeruio, CloCOOCTBYIOIIYIO0 TOHMMaHMIO MaTepuaia, MOTUBalM, yBePEHHOCTU B cebe 1
npodeccroHabHOM OpMEeHTaIMM CTYIeHTOB.

KnroueBsle cjioBa: PaHHee KIMHMUYEeCKOe 3HaKoMCTBO, MBBS, moknnHnueckoe o6pasoBaHue,
MOTMBALMS CTYA€HTOB, KIMHMUYECKOe MbIIIJIeHN e

© 2025. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CC BY, which allows others
to freely distribute the published article, with the obligatory reference to the authors of original works and original publication in this journal.

Introduction

Clinical exposure is a cornerstone of health professions education, encompassing diverse
learning environments such as ward-based teaching, technical skills acquisition, clinically
contextualized academic pursuits, and outpatient interactions [1]. Early Clinical Exposure
(ECE) is defined as authentic human engagement in social or clinical contexts that amplifies
the comprehension of health, illness, disease, and the health professional's role during the
preclinical undergraduate years [2]. By integrating ECE into the MBBS curriculum, students
can link basic science disciplines—such as anatomy, physiology, and biochemistry—with their
clinical applications, enriching traditional pedagogical approaches without diminishing their
value [3].

Mandated by the National Medical Commission within the 2019 Competency-Based Medical
Education framework, ECE addresses the disconnect between theoretical knowledge
and practical application [3]. Studies from Indian institutions, including those in Bhopal,
Faridabad, and Tamil Nadu, highlight ECE's efficacy in enhancing knowledge retention,
clinical reasoning, and motivation, with Objective Structured Clinical Examination (OSCE)
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performance improving significantly post-ECE and over 90% of participants endorsing its
value [4]. Beyond cognitive gains, ECE fosters non-cognitive competencies like empathy,
professional identity formation, and interdisciplinary collaboration—essential for
compassionate clinical practice [4].

This study investigates the impact of ECE on the educational trajectory, clinical acumen, and
motivational dynamics of first-year MBBS students at JAIU, emphasizing its role in scaffolding
preclinical learning for subsequent clinical proficiency.

Aim

Toinvestigate the impact of ECE on the learning experience, clinical reasoning, and motivation
of first-year MBBS students through patient-oriented learning in the preclinical curriculum.

Objectives

To evaluate the influence of ECE on student motivation,learning engagement, and professional
identity development.

To determine how ECE facilitates comprehension of clinical practices and strengthens the
foundational medical knowledge base among first-year students.

Materials and Methods

This cross-sectional study employed a perception-based survey targeting first-year MBBS
students at JAIU who had undergone ECE for over six months. A pre-validated questionnaire,
developed for reliability and validity, included 6 demographic questions and 9 closed-ended
items (using Likert-scale responses) covering all preclinical subjects (anatomy, physiology,
biochemistry). The instrument was distributed via Google Forms through student email lists,
social media, and institutional academic groups. Data were collected over a two-week period
(May 27, 2025, to June 7, 2025), with weekly reminders to maximize response rates.

Responses were exported to SPSS version 27 for analysis. Descriptive statistics (means,
frequencies, percentages) characterized demographics and perceptual responses, with
inferential statistics assessing associations where applicable (p < 0.05 denoted significance).
Ethical considerations included informed consent embedded in the survey and response
anonymization.

The questionnaire items were:

. Do you consider ECE important in first-year MBBS?

. Did ECE enhance your classroom attention?

. Did ECE facilitate better topic comprehension?

. Does ECE promote lifelong learning when integrated with applied aspects?

. Do you prefer ECE to traditional teaching methods?

. Did ECE aid in recognizing attitudes, ethics, and professionalism in doctor-patient
interactions?

7. Can early clinical exposure assist in selecting future specialties?

8. Does early clinical skills practice alleviate anxiety in subsequent postings or OSCEs?

9. Does ECE foster teamwork?

N UL I DN =

Results

The survey collected responses from 120 first-year MBBS students, achieving a response
rate of 80%. Demographic analysis revealed a predominant age of 20 years (36%), followed
by 21 years (23%) and 19 years (21%), with the range spanning 18 to 24 years, consistent
with typical MBBS entry demographics (Figure 1). Gender distribution showed a slight male
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predominance (55% male, 45% female), suggesting potential for subgroup analyses to explore
gender-based perceptual differences (Figure 2).

Age

40

30

20

Percent

18 19 20 21 22 23 24
Age
e Figurel: Consistent with typical MBBS entry demographics

Gender

Percent

Male Female

Gender

» Figure2: Gender distribution showed a slight male predominance
Perceptual feedback underscored ECE's transformative impact across multiple domains:

Comprehension of Basic Sciences: 92% of students reported improved understanding of
basic sciences when contextualized with clinical relevance (p < 0.001), reflecting ECE's ability
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to transform abstract concepts into practical applications, thereby enhancing knowledge
retention and critical thinking.

Motivation: 89% expressed heightened motivation to engage with preclinical subjects after
observing their clinical utility (p < 0.001), highlighting ECE's role in sustaining enthusiasm
within a demanding curriculum.

Communication Skills: 85% noted improvements in communication skills due to early patient
interactions (p < 0.001), likely fostering empathy and effective dialogue critical for patient-
centered care.

Interestin Medicine and Role Clarity: 80% affirmed increased interest in medicine and a clearer
understanding of physician responsibilities (p < 0.001), contributing to early professional
identity formation.

Anxiety Reduction: 78% believed ECE reduced anxiety during later clinical postings or OSCEs
(p < 0.01), suggesting early exposure builds confidence in high-stakes settings.

Teamwork: 82% reported enhanced teamwork skills (p < 0.001), attributed to collaborative
clinical activities fostering interdisciplinary cooperation.

These findings indicate robust statistical significance and high agreement levels, reinforcing
ECE's integrative value across cognitive and non-cognitive domains.

Figure 1. Age distribution of participants (bar chart: 19 years: 21%, 20 years: 36%, 21 years:
23%, others: 20%).

Figure 2. Gender distribution of participants (pie chart: Male: 55%, Female: 45%).

Discussion

The findings at JAIU demonstrate ECE's profound impact, with 92% of students reporting
enhanced comprehension, 89% noting increased motivation, 85% observing improved
communication skills, 80% affirming greater interest in medicine, 78% reporting reduced
anxiety, and 82% acknowledging enhanced teamwork. These results align closely with
prior studies, reinforcing ECE's efficacy while highlighting nuances in implementation and
outcomes.

Das et al. (2017) studied 150 first-year MBBS students and found 92% reported ECE made basic
sciences more engaging and clinically relevant, though 8% cited time constraints as a challenge
[5]. Their objective pre- and post-test scores showed significant improvements (p = 0.04),
complementing our perceptual data and suggesting that integrating objective assessments could
strengthen future studies at JAIU [5]. Similarly, Patil et al. (2021) reported that 95% of 100 students
found ECE improved concept understanding, 90% deemed it highly useful, and over 80% noted
increased subject interest, with significant gains in learning strategies (p < 0.05) [6]. Their use of
motivational videos and case-specific ward visits achieved 100% recognition of clinical relevance,
suggesting potential enhancements for JAIU’s broader preclinical approach [6].

In contrast, Sood et al. (2023) reported more modest outcomes among 88 students, with 68.2%
agreeing ECE aided topic understanding and 51.1% noting communication improvements,
possibly due to their focus on academic metrics over motivational aspects [7]. Rawekar et
al. (2016) demonstrated significant score improvements (p < 0.05) in a smaller cohort of 40
students but lacked detailed perceptual data, limiting direct comparison to our attitudinal
findings [8]. Govindarajan et al. (2018) emphasized ECE’s motivational and skill-building benefits
without specific percentages, reinforcing its general efficacy across diverse settings [9].
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These comparisons highlight that while JAIU’s results are consistent with high-performing
ECE programs, variations in methodology (perceptual vs. objective) and implementation
(broad vs. case-specific) influence outcomes. Resource constraints and scheduling, noted
as limitations, align with challenges reported by Das et al. (2017) and Sood et al. (2023),
underscoring the need for strategic planning to optimize ECE delivery [5, 7].

Conclusion

The ECE program at JAIU significantly enhances first-year MBBS education by fostering
clinical reasoning, confidence, and hands-on proficiency. By immersing students in clinical
settings early, ECE establishes a robust foundation for holistic medical training, warranting
its continued integration.

Limitations

1. First-year students’ limited foundational knowledge may hinder understanding of complex
pathologies during ECE.

2. Computer-assisted modules and simulators entail high costs, infrastructural dependencies,
and technical expertise requirements.

3. Resource limitations and scheduling conflicts may impede seamless ECE implementation.

4. Future efforts should focus on scalable solutions to address these challenges while
maintaining ECE’s quality and impact.
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Abstract

Globally, sexual and reproductive health remains a critical public health concern for women of
reproductive age. The utilization of modern contraceptives is essential for managing fertility,
reducing unintended pregnancies, abortions, and associated health complications. This study
aimed to assess the prevalence and factors associated with contraceptive use among women
aged 15-35 years in Jalalabad, Kyrgyzstan. A descriptive cross-sectional study was conducted
using online Google Forms over three months (September to November 2024). A structured
questionnaire was administered to 150 randomly selected women, and data were analyzed
using SPSS version 22.0. Results revealed that 88.7% of respondents were married, 88.7%
resided in rural areas, and 35.9% had more than two children, all of which were associated
with higher contraceptive use. Conversely, women aged 15-25 years showed lower utilization.
The majority of women demonstrated good knowledge of contraceptives, though some
reported side effects such as vaginal discharge or irritation. These findings underscore the
need to address socioeconomic, geographic, and cultural barriers to enhance contraceptive
effectiveness and promote maternal and child health.

Keywords: Contraceptive utilization, reproductive health, socioeconomic factors, maternal
health

PACINMPOCTPAHEHHOCTb U ®AKTOPbI, CBA3AHHbBIE C NUCIMOJIb3OBAHUEM
KOHTPALUENTUBOB CPEAN XEHLUWH PENMPOAYKTUBHOIO BO3PACTA B
OXANAN-ABAAE, KbIPITbISCTAH

Moxamman Updau Anam!, @apmkana Agpun?, iumnak Yaynaraiu?,3

ICrymenT-menuk, [kanan-AGafcKuii TOCYmApCTBEHHbIN YHUBepcuteT uM. B. OcMoHoBa, [Ikanan-A6ap,
Keipreiscran

Iskanman-A6aacKuii MeXKIyHapOIHbIN YHUBepcuTeT, Ikanan-A6am, KbIprei3cTaH

SYKropopcKuii HallMOHAIbHBIN YHUBEPCUTET, YsKropoz, YKpanHa

AHHOTauMs

Bo BceM Mupe ceKkcyaqbHOe ¥ peNpPONYKTUBHOE 3[I0pPOBbe OCTAeTCsl BaskHelIen
Mpo6JieMOVi O6IeCTBEHHOTO 3paBOOXpPaHEeHMST IJIs1 SKeHIIUH PelpoOayKTMBHOIO BO3pacTa.
Vcrnonb30BaHMe COBPEMEHHBIX KOHTPAIENITMBOB MMeeT pelliaioliee 3HaUeHMe 1J1s1 KOHTPOJISI
bepTUAbHOCTH, CHMUKEHUST UMC/Ia HeXe/laTelbHbIX OepeMeHHOCTel, abOPTOB U CBSI3aHHBIX
C HUMM OCJIOKHeHMIA. Llenbio MJaHHOTO MCC/ieloBaHMs Obljla OlleHKA PacIipoOCTPaHEeHHOCTH
1 GaKTOpOB, CBSI3aHHBIX C MCIOJb30BaHMEM KOHTPAIENTUBOB CPeM KEHIIMH B BO3pacTe
15-35 nmer B [Ikanan-A6ame, Keipreiscran. OmmcaTenbHOE IIOIEPEYHOE MCCAeIOBaHMe
MPOBOJIMJIOCH C MCIIO/Ib30BaHMeM OHJaliH-popm Google B TedyeHme Tpex MecsileB (C
CeHTSI0ps 1o HOosI0pb 2024 roma). CTPYKTYpUPOBaHHBIN OMpoc 61 pa3ociad 150 ciayyaitHo
BBIOpAHHBIM SKEHIIMHAM, a JaHHbIe ObLIM IPOAaHAIM3MPOBAHBI C IToMoIIbio SPSS Bepcun
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22.0. Pe3ynbraThl IMOKasaam, 4To 88,7% pecrioHIEeHTOB COCTOSIT B Opake, 88,7% MpOKMBAIOT
B CEJIbCKOJ MeCTHOCTU, a 35,9% umeroT OGoyee nByX mereit. Bce 3t (pakTOphI CBSI3aHBI C
6osiee YaCThIM MCIIOAb30BaHMEM KOHTpAlleNTMBOB. HammpoTus, >KeHIIMHBI B Bo3pacTe 15—
25 jieT UCMoMb3yIT KOHTPALeNITUBbI peske. BoMbIIMHCTBO SKeHIIMH MPOJEeMOHCTPUPOBAIN
XOpoIllye 3HaHUSI O KOHTPALeITUBAX, XOTSI HEKOTOpbIe cO0bmany 0 mMo6ouHbIX 3ddeKrax,
TaKUX KaK BbIJEJEHUS U3 BAarajuila Win pasgpakeHue. ITU pe3yabTaTbl MOJUYEPKUBAIOT
HEOOXOMMOCTh YCTPAHEHMS COLIMATbHO-9KOHOMUYECKUX, reorpad@uiecknx M KyJbTyPHBIX
6apbepoB mJis TOBbIMIeHMS] 3(D(MEKTUBHOCTM KOHTPALIENITUBOB U YKPEIUIEHUS 3I0POBbSI
MaTepu U pebEHKa.

KimioueBble c/1oBa: VICIIoNb30BaHMEe KOHTPALIENITUBOB, PEIPOAYKTUMBHOE 3I0pPOBbE,
COLIMATbHO-9KOHOMMYECKMe (DaKTOpPhbI, 3I0POBbe MaTepu

© 2025. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CC BY, which allows others
to freely distribute the published article, with the obligatory reference to the authors of original works and original publication in this journal.

Introduction

Rapid population growth poses a significant challenge in developing countries, threatening
global health and sustainability[1]. Family planning services are not only critical for controlling
population growth and improving maternal and child health but are also recognized as a
fundamental human right [2]. Despite the availability of contraceptive methods, unintended
pregnancies remain prevalent, with approximately 80 million women worldwide experiencing
them annually, of which 45 million results in abortions [3]. These unintended pregnancies
contribute to over half a million maternal deaths and 120 million disabilities each year [4].

The ability to adopt effective contraceptive methods is influenced by factors such as access to
healthcare, community attitudes, cultural values, and personal beliefs [5]. Studies, particularly
from the global north, highlight barriers such as limited understanding of reproductive cycles,
overestimation of withdrawal method effectiveness, and cultural influences on contraceptive
use [6]. For instance, research among Hispanic women in the United States revealed that
economic constraints,healthcareaccess,and cultural values significantlyimpact contraceptive
behaviors [6].

Modern contraceptive methods, including barrier methods (e.g., condoms, diaphragms),
hormonal contraceptives (e.g., oral pills, injectables, implants), and intrauterine devices
(IUDs), are designed to prevent pregnancy [7]. These methods offer non-contraceptive health
benefits, such as reduced risks of endometrial and ovarian cancer, but also carry risks like
increased cardiovascular disease with oral contraceptives or infection with IUDs in high-risk
groups [4]. Globally, of the 1.9 billion women of reproductive age in 2021, 1.1 billion required
family planning, with 874 million using modern contraceptives and 164 million facing an
unmet need [3].

This study evaluates the prevalence and factors associated with modern contraceptive
utilization among women of reproductive age in Jalalabad, Kyrgyzstan, using a national
demographic and health survey framework. The findings aim to inform the design and
implementation of interventions to enhance contraceptive use and reduce maternal and
child morbidity and mortality.
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Materials and Methods

A descriptive cross-sectional study was conducted from September to November 2024 in
Jalalabad, Kyrgyzstan. Data were collected using a structured questionnaire administered via
online Google Forms to 150 randomly selected women aged 15-35 years. The questionnaire
captured socio-demographic characteristics, contraceptive knowledge, and utilization
patterns. Data were analyzed using the Statistical Package for the Social Sciences (SPSS)
version 22.0. Associations between dependent (contraceptive use) and independent variables
(e.g., age, marital status, residence) were assessed using chi-square tests. Ethical approval
was obtained, and informed consent was secured from all participants.

Results
Socio-Demographic Characteristics

Of the 150 respondents, 83.3% had completed university education, while 16.7% had only
primary education. The majority (96.7%) were Muslim, with 3.3% identifying as Christian.
Age distribution showed 42.0% (n=63) aged 30-35 years, 35.3% (n=53) aged 25-30 years, and
20.0% (n=30) aged 15-25 years. Regarding family income, 87.3% were from middle-income
households, and 12.7% were from high-income households. Most respondents (88.7%) were
married, while 11.3% were divorced. Employment status indicated 69.3% were employed,
and 28.7% were housewives. Geographically, 88.7% resided in rural areas, and 11.3% lived in
urban areas (Table.1).

» Table 1: Factors associated with contraceptive utilization

No Yes
15-20 4 (100) 00 (00)
20-25 10 (33.33) | 20 (66.66)
25-30 30 (56.6) | 23(43.39)
30-35 13(20.63) | 50 (70.36)
Muslim 66 (45.20) | 80 (54.79)
Hindu 1(25) 3(75)
Married 60 (45.11) | 73(54.88)
Unmarried | 9 (52.94) 8 (47.05)

Respondent's current age

Religion

Current marital status

knowledge of any contraceptive method | 85 (56.66) | 65 (43.34)

Factors Associated with Contraceptive Utilization

Contraceptive use was higher among married women (88.7%), those living in rural areas
(88.7%), and those with more than two children (35.9%). Conversely, women aged 15-25
years exhibited lower contraceptive use. The majority of respondents demonstrated good
knowledge of contraceptives, though some reported side effects, including vaginal discharge
and irritation.
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Discussion

The findings from this study indicate that marital status, rural residence, and parity (having
more than two children) are significant predictors of higher contraceptive utilization among
women of reproductive age in Jalalabad, Kyrgyzstan. Conversely, younger women (aged 15—
25 years) showed lower rates of contraceptive use. These results align with broader national
and regional trends in Kyrgyzstan, where the modern contraceptive prevalence rate (mCPR)
among married women is estimated at approximately 23-25% [8]. This relatively low mCPR
reflects ongoing challenges in family planning, including an increasing unmet need for
contraception, which rose from 19.9% in 2006 to 22.5% in 2018 [9].

Comparatively, our observation that having more than two children promotes contraceptive
use is consistent with other studies in Kyrgyzstan. For instance, a study found that men with
three living children had significantly higher odds of using modern contraceptives (adjusted
odds ratio [aOR] 3.534, 95% CI 1.221-10.229), suggesting a similar pattern among couples
aiming to limit family size after achieving desired parity [10]. This parity-related factor is also
echoed in Ethiopian studies, where the number of living children was associated with modern
contraceptive utilization [11].

The association with marital status in our study, where married women had higher utilization
(88.7%), corresponds to the focus of national surveys on married women, as unmarried women
often face cultural barriers to accessing reproductive health services [12]. Rural residence
promoting use in our sample (88.7%) contrasts with some findings; previous research
identified area of residence as a factor in unmet need, potentially indicating that rural women
in Jalalabad may have better access to certain methods like IUDs, which are prominent in
Kyrgyzstan but declining in use nationally [9].

Lower use among younger women aligns with global patterns in low- and middle-income
countries, where adolescents and young adults often have limited knowledge, face stigma, or
lack youth-friendly services [3]. This is particularly relevant in Kyrgyzstan, where the unmet
need is influenced by women's age [9].

While the majority of women in our study had good knowledge of contraceptives, side effects
such as vaginal discharge and irritation were reported, highlighting the need for improved
counseling [7]. These side effects may contribute to discontinuation, as seen in declining
trends of reversible methods like pills, injections, and IUDs nationally [9]. Overall, our
results underscore the importance of addressing socioeconomic (e.g., income, employment),
geographic (rural-urban disparities), and cultural barriers to improve contraceptive uptake.
Interventions should include comprehensive sexual health education for youth, strengthened
supply chains for contraceptives, and training for healthcare providers [5].

Conclusion

This study highlights the critical role of modern contraceptives in reproductive health among
women in Jalalabad, Kyrgyzstan. Factors such as marital status, rural residence, and parity
significantly influence utilization, while younger age is associated with lower use. Despite
good knowledge levels, side effects remain a concern. Interventions targeting socioeconomic,
geographic, and cultural barriers are essential to improve contraceptive access and
effectiveness, ultimately reducing maternal and child morbidity and mortality.
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BIIMAHUE TOPHOI'O KITMUMATA HA TPABMY

Matcakos Kanbioek CynaiiMaHKyl10BUY!
DKanan-Ab6amckuit MeXXITyHapOOHbI yHUBepcuTeT, JKanan-A6an, Keipreiscran

AHHOTanMa

Pe3ynbTaTbl 3KCIIEPUMEHTAJIBHOTO MCC/IeIOBaHUSI CBUAETENbCTBYIOT, YTO 3akMBJIEHUE
paHbl MSITKMX TKaHell M KOCTHO paHbl HMKHEN UeIoCTM Yy KPOJMKOB CKIAAbIBAIOTCS U3
pe30pOLMY HEKPOTMUECKMX MaCC MSITKMX TKaHel 11 CEKBeCTPOB, ITpondepaniy Makpodaron
1 (pubpobmacToB, GopMUPOBaHMS TPAHY/ISIMOHHON UM COEIMHUTENbHON TKaHM BHayasle
PBIXJION, a 3aTeM BOJIOKHMCTOM a TakK)kKe HOBOOOpa30BaHMSsI Xpsiilia C MOC/IeAYIOIeli 3aMeHO
ero OCTeOMAHOM ¥ KOCTHOM TKaHU.

KioueBbie ¢j10Ba: coelMHNUTEIbHASI TKaHb, Makpodar, pe3opoiusi, Guopo61acT, HYKHSIS
YeJII0CTh, KPOJIMK, CEKBECTD, afarTaliusi, KOCTb.

THE INFLUENCE OF THE MOUNTAIN CLIMATE ON TRAUMA

Matsakov Kanibek Sulaymankulovich!
Jalal-Abad International University, Jalal-Abad, Kyrgyzstan

Abstract

The results of the experimental study indicate that the healing of soft tissue wounds and bone
wounds of the mandible in rabbits consist of resorption of necrotic masses of soft tissues and
sequesters, proliferation of macrophages and fibroblasts, the formation of granulation and
connective tissue initially loose and then fibrous, as well as the regeneration of cartilage with
subsequent replacement of its osteoid and bone tissue.

Keywords: connective tissue, macrophage, resorption, fibroblast, mandible, rabbit, sequester,
adaptation, bone.
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AxTyanbHOCTh TeMmbl. Kbiprbidckas Pecrmy6nmuka ropHas cTpaHa, 3aHMMaeT 3amajHylo
1moyioBMHY KbIprei3ckoir Ana-Too (ropHbie maccuBbl TsaHb-1laHs B repeBome ¢ KUTACKOro
s13bIKa 03HavaeT HemocTuraemsolie ropbl) 1 Anaiickoi ropHoii cucremsl [Tamupa (C mepesona
c Tuberckoro o3HauaeT Kpeima mupa). Ee penpedoTnmuaeTrcss pegKkMMU BbICOTHBIMU
KoHTpactamu (0T 500mM mo 7495M Hapg ypoBHEM MOpsi, OOIbIIMM pasHoobOpasueMm ¢Gopm).
CpenHeii BbICOTBI HaxomsiTcst B mipenenax 2500-3000M, mpeobamaioT BbicOThI 10 3800-4200
M. [Toutn 90% Teppuropum Keipreiactana aeskut Boiine 1500M Hag ypoBHEM MoOpsi. Pasmepsbl
Keipreizcrana gocturaioT 198,5 ThIC. KB.M., 37eCh MIpOXMBaeT Oojee 7 MIH HaceaeHMUS
(maHHbIe miepernvicu 3a 2021r).

HpO6J'[€MbI BBICOKOI'OPbA U adallTaliMM K HEMY OTPa’K€HbI B JOBOJIbHO 3HAUYNUTEJIbHOM UNCJIE
UCCIeOBaHUNA. Pab6oTsI B 3TOM HaIlpaBJE€HWNM He ITIOTepsaIin CBOe€ dKTYaJIbHOCTU U CEeTOOAHA
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XOTsI BCKPBIThI MHOTYE acIieKTbl MOP(POdYHKIMOHATbHBIX M3MeHeHMIT OpraH3Ma Ha BbICOTe.
Tak, 06HapykeHO, YTO 6MOIOrMYecKoe 3HaUeHNe MMeeT He TOJIbKO abCOJIOTHAS BbICOTA HaT,
YPOBHEM MOpSI, HO U LeJIblii KOMIIJIEKC APYTUX reOKIMMATUIECKUX [TapaMeTpOB permoHa.
Kpome TOro, Ha BBICOTE€ 3HAUUTEIbHO M3MEHSIIOTCS (QYHKIMOHATbHbIE XapaKTePUCTUKU
BCEX OPraHOB M CUCTEM, XapaKTep KOTOPbIX BO MHOIOM 3aBUCUT OT YPOBHS aJallTalVu.
OnTuManbHbIM IIPOSIBJIEHMEM TIOCIAeNHEN SBJSIIOTCS IOBbILIEHME Pe3UCTEHTHOCTU
opraHyu3Ma M HebJaronpusiTHeIM (paKTopaM BHEIIHEe! Cpefbl, Ha MpuMepe: 30JI0TOPYIHbI
KomOmHaT KymTop Ha BbicoTe 60ee 4000 MeTpOB.

Cpeny MOCTYIIHBIX HaM MCTOYHMKOB JIMTEPATYPbI, MOCBSIIEHHbIX PasJMUYHBIM BOIIPOCAM
3a)KMBJIEHMS TPABM U UX OCJIOSKHEHU BJIMSIHYE BICOKOTOPbS, Ha ITATOJIOTMUYECKMX ITPOLIECCOB
B 3aBMCMMOCTM OT KJIMMaTa-reorpapuyeckux ycjaoBMs, Mbl He HAIlJIM PabOT, CBSI3aHHBIX C
MHTepecylolleli Hac TpobneMoii. [1,2,3,4,5]

BhlliensnoxkeHHOe OIpeaenIo 1e/ib U 3aa4y IIPeIIpUHSITOrO UCC/IeI0BaHMSI.

Ilens uccnemoBaHms. 1lenb Halleii pabOThI COCTOSVIO B TOM, YTOObI IIyT€M KOMIIIEKCHOTO
KJIMHMYECKOro ¥ MOP(OJIOTMUECKOro aHa/lM3a SKCIIePUMMEHTAIbHOTO MaTepuasa BBISIBUTh
BJIVSTHIE YCIOBUIA BBICOKOTOPBSI Ha 3a5KMBJIEHME TPABM U MX OC/IOSKHEHMS YeTFOCTHO-JIUIIEBOIA
obmactu.

3agaumn ucciaenoBaHus. V3yuynuTb B XPOHMUYECKOM OIIbITE€ Ha KPOJIMKAX C UCIIOJIb30BaHMEM
PEHTTeHOJIOTMYeCKO ¥ JIKCIepPTHOW MOpPQONIOTMUEeCKO OIeHKM KIMHUUEeCKUe U
Mopdosiormyeckie MposIBJIeHUST 3aKUBJIeHMSI TTepesioMa HIsKHeH UeTioCTU T1oc/ie TpaBMbl B
BBICOKOTOPBbSI.

O6beM u METOAVMKa XPOHMYECKOIO ISKCIIEpMMEHTAa Ha >KMBOTHBIX IIO MCCIE€OOBAaHMIO Ha
periapaTMBHbIE IIPOLIECChI IIPU 3a’KMBJIEHUM II€PEeIOMOB HIKHEM YeloCTU B YCUIOBUAX
T'OPHOro K/IMMara.

OKCIIepMMEHTalbHOE MCCIefOBaHMe MMesla Lelb W3YyYeHUe TeueHue 3aKUBJIeHUS
TPaBMaTUUECKOM pPaHbl HIOKHEM YeTCTU B YCIOBUSX BbICOKOTOPbSI. IDKCIIEPUMEHTBI
MpoBeleHbl Ha 24 TMOMOBO3peNbIX Kpoiaukax mopoabl «llumrHmia» Becom 2,5-3,5 Kr Ha
12 >KMBOTHBIX COHEpXaauCb B OOMHAKOBBIX ycinoBusx BuBapus LIHWJI Keipreiackoro
roCyJapCTBEHHOTO MEIUIIMHCKOTO MHCTUTYTa Ha OOBIYHOM pallMoHe muTaHus, 12 Kponuka
niepeBefeHbl U3 T. bumikek (760 M Hag ypOBHEM MOPSI) B BBICOKOTOPHYK) MECTHOCTb Ajia-
Apua (2500 m Hag ypoBHeM Mopsi) Keipreizckoro Ana-Too.

MeToauka skcrepumenTa. Onepanys MMpoBedeHus 0] BHYTPUOPIOIIMHHBIM HAapKO30M
2,5% pactBopom THoreHTana HaTpus (0,5 Ha KT Beca SKMUBOTHOTO), TPV COOJTIOIEHMM YCIOBUIA
acerTUKU M aHTHCeNTUKN. [Tocsie ygaseHusT BOJIOC IO Kpalo Tejla HMKHeN 4elloCcTy cripaBa
MPOU3BOAMJICS TTOCAOVHBIN pa3pes KoM, daciyy, MBI M HaAKOCTHUIIbI JJIMHHON 4CM
MSTKMEe TKaHM OTCIaMBa/IMCh paclaTOpOM, Tejl0 HMKHEeN Ue/loCTM CIIpaBa IiepeceKasoCh
IVCKOM BepPTUKAJbHO HauMHAs C HAPY>KHOI MOBEPXHOCTU. B Kpasix KOCTHBIX OTIOMKOB
N22 mapoBMAHBIM OOpPOM MalllMHbI CO3[1aBajOCh IO JIBA CKBO3HBIX OTBepcTusi. KocTHbie
(parMeHTbI HUSKHEI YeTIOCTY COMIOCTAB/ISIIACH B TPaBMIbHOM aHATOMMYECKOM MOJIOSKEHUM
M CIIMBAJMCh XPOMMPOBAHHBIM KETIyTOM, MpPOBeJeHHbIM uepe3 CKBO3Hble OTBEpPCTMUSI.
HaakocTHMIIA M MBILILBI MOCJOMHO YIIMBAJUCh KETTYTOBBIMM, a KOXKa - IIEJIKOBBIMU
mBamu. Pana o6pabaThiBasiach pacTBOPOM OpMJIIMAaHTOBOI 3ejeHu. ITocie onepauyu Bcem
SKMBOTHBIM JIBasKIbl BHYTPUMbIIIEUHO BBemeH OuimiinH-1 1o 300 000 EJI.Y >KMBOTHBIX
KOHTPOJIbHBIX rpyIirl (N21 1 N92) 3askuBieHUS paHbl, KOKU, MSITKMX TKAHEN M KOCTHOM TKaHU
M3yYaInCh IIPY OOBIYHBIX YCJIOBUSX. PerapaTuBHbIE IPOIECCHI M3YYaINCh TYCTOIOTMYECKM.
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JIJ1sl TUCTONIOTUYECKOTO UCCIeA0BaHMS MCCeKaauCh (pparMeHThl OTIOMKOB HUsKHEN YeTtoCTu
BMeCTe ¢ MSITKMMM TKaHSIMM Ha pacCTOSIHUM 3-4CM OT paHbl. Pa3genbHO Bpe3annch KyCOUKU
MSITKMX TKaHel M KOCTM: (hparMeHThbl KOCTU Bpe3a/iiCh B MOIIEPEeUYHOM HalpaBJeHUM 10
OTHOILIEHUIO EeKaJbIIMPOBAINUCh B 5% pacTBOpe a30THOV KUCIOThI. MaTepuas OObIYHBIM
o6pa3zoM 006e3BOXKMBAJICS M YIUIOTHSIICS, M 3ayuBajicss mapadguuom. C Kakaoro 670Ka
IIPUTOTABJIMBAINUCh KOPOTKME CEPUM CPEe30B TONILMHON -7 MUKPOH. Cpe3bl OKpallnBaInCh
reMaTOKCWINH-303MHOM, 110 BaH-I'M30HY, nmIiperupoBanuch cepebpom mo dyrty, B yacTu
corydaeB nocrasiieHa [HIMK-peakims.

e Puc. 1 HuxcHsas uentocmo Kpoauxa 0o Puc 2. HuxcHss ueitocmos KpoJukd nocjie
onepayuu (Makponpenapam). onepayuu 0cmeocuHme3a HUXcHetl uesarcmu
(maxkponpenapam).

JuHaMMKa 3aKUBI€HUS rnmepejioMa 4e/JIl0oCTM 1mociie TpaBMbIB YCUIOBUAX BbICOKOIOpPbSI.

3 cyTKM ormbITa. KIMHMYECKU XMBOTHBbIE ObLIM MaJIOAKTUMBHBIMM BIUIOTH IO BbIBEIEHUS
13 ombITa. [IMiy BOCIPUMHMMAIM C TPYAOM, KaK Obl IIafAs MPOOIEPMPOBAHHYIO YETIOCTb.
Kpas KOkHO#1 paHbl COMOCTaB/IeHbl IPABUILHO, CyXMe C MaCCMBHBIM IOCIe0IepanMOHHbIM
OTEeKOM, ILIBBbI YOEpKUBAKTCI XOopolwo. Ha ManepupoBaHHBIX IpernapaTrax BbISIBJIEHO,
YTO y BCEX KMBOTHBIX (pparMeHThl HVDKHEN UeTIOCTM COTIOCTaBJIeHbl MPaBUIbHO, YPOBHU
KOPTMKAJIbHOI'O BellecTBa M HIMKHEUEIIOCTHOrO KaHajna coBmnazalor. Ilenbp mepenoma Ha
BCEM TIIPOTSDKEHUM BBINIOJIHEHA TKAHEBBIM OETPUTOM, COCTOSIBIIMM M3 HEKPOTUUYEeCKUX
1macc ¥ M3MeHEeHHBIX (parMeHTOB MSITKMX TKaHel, OMMIOK KOCTM M KOpHei 3yOoB, a
TaKke CBEPTKOB KPOBU. AHAJIM3 MUKPOCKOIIMYECKUX MperapaToB MoKasaj, UTO Ha 3 CYTKMU
OIbITA MSATKME TKAaHU KpaeB paHbl HAa 3HAUUTEIIbHOM IPOTSDKEHUM HEKPOTU3UPOBAHBI,
HEKpOTMUUECKMe Macchl MHOGMIBTPOBAHBI OOJNBIIMM KOJIMUYECTBOM JI€MKOLUMTOB. IToI0CTh
KOCTHOW paHbI BBIMIOJIHEHA HEKPOTUUYECKMMM MaCCaMU UM KOCTHBIMMU CeKBecTpamu (puc 3).
B oTinume OT OMBITOB, ITPOBEIEHHBIX B HU3KOTOpbe, MHPMUIbTPAIIMS JEMKOIIUTaMu Oosiee
MacCUBHA, MMeIOTcsT abciiecchl, a o6pa3oBaHye TPaHYJISIMOHHON TKaHU MeHee BbIpaskeHO.
KocTHble ceKBeCTphbl pasinuHOM BeTUUMHBI M (OPMBbI, JINIIEHbI OCTEOIUTOB, 6a30(UIbHBI,
JIMHUU CKJIeMBaHUS He orpenenstorcsa. KocTHble KaHasbl pacliMpeHbl, B HEKOTOPBIX U3 HUX
comepsKUTCS OeTKOBBIN AeTPUT (puc 3).

KommnakTHasi racTUMHKA B 006/1aCTV KpaeB paHblJIMIIIeEHA OCTEOLIUTOB, 0a30(M/IbHA, B IIPOCBETE
KaHaJIOB comepkutcs aetput (puc 3). Co CTOpOHbI 3HA0CTA, MePMOCTa M KOCTHOTO MO3ra
MMeeTCsl pa3pacTaHye OCTPOBKOB TPaHYISILIMOHHONM TKaHM; MeCTaMM OHM OIMpeAeNsioTCs
B IIPOCBeTe raBepCcOBbIX KaHa/IOB. [Tponudepalusi KI€TOUHbIX 37IeMEeHTOB BbIpaxkeHa, yem
B YCUIOBUSIX HU3KOTODPbBS. ['paHy/sIMOHHAS TKaHb MpeACTaB/iieHa KamwuisipaMiu, TOHKMMU
KOJ/UTaT€HOBbIMM BOJIOKOHIIAMM ¥ KJIeTOYHbIMM 3jemMeHTamu. Cpeay HUX UMeEKTCS
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OCTeOKJIACThl, TIpujeraminye K cekBectpaMm (puc 5). Ha cTeHKax OTHOENbHBIX TaBEPCOBBIX
KaHaJI0B BIAJIM OT KpaeB paHbl BUAHA y3Kasl ITPOC/Ioiika octeonaa (puc 4).

‘

* Puc 3. Hekpomuueckue maccel u cekgecmp » Puc 4. Ocmeouod 8 cmeHKax 2asepcosslix
¢ dempumom 8 KOCMHbIX KaHanax. yY8.x 63; KaHanos. Ye. x 63; Okp. [emamoKcuiuH-
Okp. I'emamoKcuiuH-303UHOM. 303UHOM.

6 cyTku ombITa. JKMBOTHBIE ObUIM HEAKTUMBHBIMM; IepBble 3-4 IHS ITOC/e Oomnepanuy OHU
HEOXOTHO NpMHUManu nuily. [locieonepauyioHHBI OTeK MaJbIIMPOBAJCS BIUIOTh IO
BbIBEJIEHMSI >KMBOTHBIX M3 OIbITAa. Ha MallepMpOBaHHbBIX IperapaTax HIDKHEeN 4eaioCcTy
KPOJIMKOB MEXIy TMepegfHUMM M 3agHuMM (dparMeHTaMy 4YeTKO OIIpeessieTcs Iieslb
nepesioma. OTIOMKM KOCTeli He CMelleHbl, TPOYHO (PUKCUPOBAHbI KETTYTOBBIMMU LIBAMM.
[ToBepXHOCTBH Onua Mo AMHUM MepesioMa IJaaKasl.
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e Puc 5. IpanynayuoHHas mKkams ¢  Puc 6. Xpsauw nogepx KOMNAakmHou KOCMHOLI
ocmeokiacmamu no Kparw KOMNAakmHou NAcmuHKuU Kpas pasl. Ys. x 63; Okp.
KocmHoti naacmuHku. Ysen. x 100; Okp. no 2eMAMOKCUNUH-303UHOM.
Bau-IusoHy.

I'McTonornyeck B MSTKMX TKaHSIX BbISIBJISIIOTCSI KpyITHbIE (bOKYCbI CyXOro HekKpo3a C
AA0epHbBIM JEeTPUTOM. Ouu 6onee KpYIIHbIE€, UEM Y KMBOTHLIX, OTIEPMPOBAHHbLIX B YCJIOBUAX
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HU3KOTOPbSI, a nmepudokaabHas MHOWIbTpALVS JIEKOLMTaMy 60jiee MacCMBHA; KpOMeE TOTO,
B MSITKUXTKAHSIX MMeIOTcsT abciecchl. [TepudokasbHO OT 30H HEKPO3a M abCIieccoB BUIHO
BbIpa)keHHOE paspacTaHyue TpaHy/ISIMOHHOV TKaHM. KoMmakTHas KOCTHasl ILIaCTMHKA
KpaeB paHbl HEKPOTM3MpPOBaHA. I'aBepCcOBbI KaHaIbl €e Pe3KO pacIIMpeHbl, MPOCBET UX
BBITIOJIHEH J€TPUTOM U JIEMKOIIMTaMM. B pocBeTe OT/Ie/IbHBIX TABEPCOBBIX KAHAIOB MMEEeTCSI
TPaHYJISIIMOHHAS TKaHb C OCTeOKIacTaMu (PUC 7) CO CTOPOHBI IePUOCTa M SHA0CTA BOMMU3U
KpaeB orepalyoHHOM paHbl pa3pacTaHye rpaHy/ISIIMOHHOM TKaHU, PHIXJION COeIMHUTETbHO
TKaHU 1 06pa3oBaHMe OTPOCTKOB Xpsiia (puc 6).

B omimume OT KMBOTHBIX, OIEPUPOBAHHBIX B HMU3KOTOpPbe, HOBOOOpPA30BaHHBIN XPSII]
BBISIBJISIETCS TOJIBKO Ha OTAEIbHBIX YyYaCTKax ITOJOCTU paHbl. Ha OCTaibHOM IPOTSIKEHUU
paHa IJIOTHO BBITIOJIHEHA IPAHYJISILMOHHON TKaHbIO, 8 MECTaMU U PBIXJION COeAMHUTETbHON
TKaHbl0. B [IyOMHe TpaHyISIMOHHON TKAaHM MMeITCS (OKYChl CyXOro HeKpo3a,
MHOWIBTPUPOBAHHbIE JIEMKOLIMTAMM U ceKBecTpblI (pyc 8). [aBepCcoBbI KaHaJIbl pacCIIMpPEHbI,
B IIpWierawliieil TPpaHyASLMOHHOM TKaHU WMMEIOTCSd OCTeOKIacTol. lMMeercss Takke
dbokycHoe masyiuiHoe paccacbiBaHMe. [1o KpasiMm KOCTHBIX IJIACTMHOK Ty6UuaTOro BelecTBa,
npwierarmyumM K paHe. CKorjieHre ocTeo01acToB M oOpa3oBaHyue HeOONbIINX OCTPOBKOB
Xps1ia ¥ y3KOM 30Ha ocTeonpa.

e Puc 7. BonokHucmas coeduHumensHast e Puc 8. Xpaw u epavynssyuoHHas
MKaHb 80KpPY2 HEKPOMUUECKUX MACCHL 8 MKAaHb 8 KOCMHOM M032y. V8. x 63; Okp.
KOCMHOM032080M KaHae. Y8. x 63; Okp. 2eMAMOKCUNUH-303UHOM.

2eMaAmoKCuiUH-303UHOM.

21 cyTku onbiTa.KiimHMUeCKy mocsie nepBbixX 2-3 CYyTOK Majloi aKTMBHOCTH, K KOHILY IIepBOA
HeZe/y IocJie Orepanyy BCe KMBOTHbBIE CTaly MOABVXHBIMMU. XOTS MUILY [epeskeBbIBaIu
MemieHHO. [locimeomepaliMOHHBIN OTeK MaablMpoBa/CAd B TeueHuM 9-10 cyToxk. PaHbl
MSATKUX TKaHel y OBYX KPOJIMKOB 3aKWIM BTOPUYHBIM HATSKeHMEM, Y OLHOTO KpOauKa B
MTOAYETIOCTHOM 00/1acTU OTKpbUICS cBuil. K 21 cyTKam >KMBOTHBIE aKTMBHBI M XOPOIIO
TIePEeKEBbIBAIOT MUIILY.

Ha wMallepupoBaHHBIX IIperiapaTtax Iejb IlepeioMa HIDKHE YeloCTH KpPOJIMKOB
ompenensioTcsi. @parMeHTbl KOCTM COTIOCTaB/€HbI IPaBWIbHO, IIJIOTHO VIEpPsKMBAIOTCS
XPOMMPOBAHHBIM KETTYTOM. B Iiesin mepeoMa omnpenessiioTcsl HeOobIle pereHepaTsl. Y
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OJTHOTO KpPOJIMKA OIpeJessieTCs] THOMHbIV CBUII, abCIlecChl M CeKBECTPhL.[MCTONMOrMYeCKn B
MSITKMX TKaHSIX IPyObIii py6elr, mepudoKaJTbHO OT KOTOPOT'O BBISIBJISIIOTCSI ab6C11eCChl 1 (POKYCHI
HeKpo3a, 60/1lee MHOTOUYMC/IEHHbIE M KPYITHbIe, YeM Y JKMBOTHBIX B YCJIOBUSIX HU3KOTOPbDSI.
llenp mepenoMa YeaOCTU BbIMIOJIHEHA TPAHY/ISILMOHHON M BOJIOKHUCTOMCOEAVMHUTEIbHON
TKaHbIO. B mepuocTe 1 9HA0CTe MOBEPX PaHbI U 10 ee KpasiM PacIiojaraeTcs 30Ha XpsieBoil
TKaHU; XpSIIIeBble TUIACTMHKY 00pa3yIoT 6aJI0YHbIe CTPYKTYPbI, MEXKIY HUMM PACIIOaraeTcs
Pa3/IMYHON BEJIMYMHBI ITPOCJIOMKY IPAHYISLMOHHOM TKaHu (puc 9).

Mectamu xpsiiiieBble Oajiki 3aMeHeHbl Y3KOi 30HOI ¢ ocreoupa. B miyObuHe ryouaToro
BeIlleCTBa MMEIOTCSI KPYITHbIe abCiiecchl C KOCTHBIMMU ceKBecTpamu (puc 10) MecTamu 371ech
ke HaxOAsSTCsSI HeMHOTOUMC/IEHHbIe O0anKy Xpsiia, HeOobllMe yYacTKU ocTeouia. Bokpyr
MeJIKMX CEeKBEeCTPOB pa3pacTaHMe TPaHYISINMOHHON TKaHu (puc 11). mo CpaBHEHUIO C
SKMBOTHBIM, OIIEPUPOBAHHBIMMU B YCJIOBUSIX HU3KOTOPBS, perapaTUBHbIE MPOLECChl MeHee

BbIPpa’Ke€HDbI.

e R TN

 Puc 9. Xpaw co cmopoHst nepuocma. Y8.x  * Puc 10. HazHoeHue 80Kpyz cekgecmpa. Y8. X
100; Okp. 2emamoxcuiuH-303UHOM. 100; Okp. 2eMamoKCUNIUH-303UHOM.

e Puc 11. BonokHa coeduHumenvpHotli mxkavu e Puc 12. Ocmposxu xpswa u KocmHole

u xpsiu, co cmoporst nepuocma. Yeen. x100; OanouKU 8 MAZKUX MKAHAX NOBEPX PAHDL,
Okp. no BaH-Tu3oHy. YMOJUWEHHDBLT 3a cuem paspacmaHust

coeduHumenvHoli mkavu nepuocm. ¥8. x 100;
OKp. 2eMamoxCuIUH-303UHOM.

30 CYTKM OIIbITA. B nepBbie CYTKM II0C/TI€ oOIlepalnyu >KMBOTHbBIE opuM BsUTBIMM. OTeEK
MSITKUX TKaHei MMaJIbIIMPOBAJICS Ha ITPOTSDKEHUU HeOe/IN. PaHbI Y BCEX KPOJIMKOB 3a>XKUJINU
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BTOPMYHBIM HATSDKEHMEM, MpUYeM y ABYX Ha HUX Ha 30 CYTKM OIbITA B IMOTYETIOCTHOI
obacTy 06pa3oBaMCh THOVHBIe cBUIIM. Ha 30 CyTKM OIbITa BCE JXMBOTHbIE BEOYT CEOS
aKTMBHO, OXOTHO MPMHMMAIOT muiny.Ha MaliepypoBaHHbBIX ITperapaTax HUKHel YeaocT y
OJTHOTO KPOJIMKA IOBEPX PaHbI U IO ee KpasiM oIpenensitorTcss GoKycbl HOBOOOPa30BaHHOIA
COeMHUTENbHOV TKaHM. KOCTHbIE OTJIOMKM UeTIOCTY TOABVKHBI (JIOKHBIN CycTaB). Y IBYX
KPOJIVKOB B MSITKMX TKAHSIX MMEIOTCSI CBUILEBbIE XO/IbI C THOMHBIM OT/Ie/IsIeMbIM, BeyIIe B
KOCTHOMO3T0BO#1 KaHajl. ®parMeHTbI OTIOMKOB UeJTIOCTY TaKKe MOBVKHLL. [l]eb epenoma
BBITIOJIHEHA HOBOOOPA30BAaHHOM COeIVHUTENIbHONTKAHbBIO, YaCThIO 3usieT. [Ipy pacceueHUn
YeJTIFOCTY BBISIBJISTIOTCSI CEKBECTPBI.

I'McTonmornyecky B MSITKMUX TKaHSIX BOKPYT IPyObIX PyOIIOB BhISIBJIEHBI MHKATIICYIMPOBAHHBIE
(dhoKychl HEKpO3a,abCIecchl ¥ CBUIIM, B MBIIIIIIAX - OUarOBbIe KPYITIOKIeTOUHbIe MHGWIBTPATHI.
[TepuocCT 1 3HAOCTA YTOJILEHBI 3a CUET pa3pacTaHMsl BOJTOKHUCTOM COeIMHUTENbHOM TKaHM.
[ToBepx paHBbI B IIEPUOCTE U SHAOCTE MMEETCS IIPEPBIBUCTASI CEThb aHACTOMU3UPYIOLINX IPYT
C OPYromM KOCTHBIX M XpSIIeBbIX obosouek (puc 12). O6pasoBaHme XpsIIeBOV M KOCTHOM
TKaHM MeHee BbIpaskeHO, YeM B YCUJIOBMSIX HM3KOTOPhSI paHa BbITIOJIHEHA TPYOOBOIOKHUCTOM
COeITHUTEeIbHO TKaHU. B r/TyO1He ee MMeIOTCSI MHKAIICYIMPOBaHHbIE aOCIeCChI C CEKBECTPHI,
YacThIO COODIIAIONIMecs co CBUIIOM (puc 13).

BoKkpyr ceKkBeCTpOB pacliojiaraeTcsi TpaHYISIIMOHHAs TKaHb C HEMHOTOYMCIeHHbIMU
octeoknactamu. OgHaKo pe30opOIMsi CeKBeCTpOoB He3HauuTeabHa. CO CTOPOHBI 3HAOCTA
M KOCTHOTO MO3ra pacIiojiaraloTcsi HEMHOTOUMC/IeHHbIe XpsillieBble U KOCTHbIe OalouKu
OKpY>KeHHbIe TPaHY/ISIMOHHOM TKaHbIO.

e Puc. 13. I'nybokosonHucmas
coeduHUmMenbHast MKaHb C
UHKANCyIUpPOB8AHHbIM AOCUeccom 8
2n1y6uHe patsl. Yeea. x 100;
Okp. no Bax-Tu30Hy.

3axkinoueHue

Pe3ynbTaThl SKCIEPUMEHTAIBHOTO WMCCAELOBAaHUS CBUAETENbCTBYIOT, UTO 3a’KUBJIEHUE
paHbl MSTKUX TKAHE M KOCTHOWM paHbl HVDKHEN YeTICTU Y KPOIMKOB CKIaAbIBAKOTCS U3
pe30pOILMY HEKPOTHUUECKMX MACC MSTKMX TKaHel 1 CeKBeCTPOB, ITponndepaliy Makpoharon
n ¢ubpobnacToB, GOPpMMUPOBAHMSI TPAHY/ISIMOHHON UM COEIMHUTENbHOV TKaHM BHaYase
PBIXJION, a 3aTeM BOJIOKHMCTO a TakK)ke HOBOOOpa30BaHMsI Xpsiilia C MOC/IeIyIolei 3aMeHO
ero OCTeOMAHO 1 KOCTHOM TKaHU. HoBooOpa3oBaHMe XpSIeBOi M KOCTHOM TKaHU UIET CO
CTOPOHBI 9HAOCTA, TIEPMOCTA ¥ I'yOUaTOro BelllecTBa.

I[]/IHaMI/IKa perapaTMBHBIX ITPOLECCOB B YUIOBUAX HU3KOTOPbS UM BbICOKOTIOpPpbA OAHOTUITHA.
O,E[HaKO BbIPDA’KEHHOCTDb CTPYKTYPHbIX M3MEeHEeHU HeOAVHaKOBa. B YCIOBUAX BbICOKOTOPbBSA
6osee PE3KO BbIpa’KeHa BOCIIaJIMUTE/IbHasd peaKld. MOp(l)OJIOI‘I/I‘-IeCKI/I OHa ITPOLABJIAETCA
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dbopmupoBaHueM abCIeCCOB MATKUX TKaHel U Tepu (PokaabHbIX abCIeccoB B ITyOMHE
KOCTHOJ paHbI BOKPYT CEKBECTPOB. Y 6 JKMBOTHBIX 13 12 MOJOIBITHBIX ITPOOTIEPMPOBAHHBIX B
BBICOKOTOPbE Ha Pa3IMUHbBIX CPOKax OMbITa (21-30) CyTKM BbISIBJIEHBI CBUIIIN, & Y 3 KPOJIMKOB
Ha 30 CyTKM OIbITa KIMHUYECKY IMATrHOCTMPOBAIY TPAaBMATUUYECKUI OCTEOMUETUT HUKHEI
YeJIIOCTH; Y OAHOTO KPOJIMKA B 06JIACTY KOCTHO TpaBMbl HAOJTIOAJICS JIOSKHBIN CYCTaB.

B T0 ke BpeMsi 13 12 KpOIMKOB, OTIEPMPOBAHHbBIX B YCJIOBUSIX HU3KOTOPBSI, IUIIb Y 3 SKMBOTHBIX
paHbl 3aXWJIM BTOPUUYHBIM HaTsSKeHMeM. KaMHMKA TpaBMaTMUeCKOrO OCTeoOMMeTInTa
IMarHoCTUPOBaHa TOAbKO Y OHOTO KPOJIMKa.

@opMuUpOBaHME TPAHYISILMOHHON XpSIIEBOM, a 3aTeM KOCTHOM TKaHUM B YCJIOBUSIX
BBICOKOTOPbSI IPOMUCXOIUT B T€ 3K€ CPOKM OTIbITA, UYTO U B HU3KOTOpbe. OHAKO BIPa)KEHHOCTh
perapaTUBHBIX TIPOLIECCOB 3[IeCh CYIIEeCTBEHHO MeHbIIas. DTO MpPosBisSeTcs] (HOKYCHBIM
obpa3oBaHMeM I'PaHYISILIMOHHONM TKaHM, XpSIa ¥ 04aroBOi 3aMeHbl ero KOCTHOM TKaHbIO.
B pesynbTraTe MoOMHOLEHHAs MTepBUYHAsI KOCTHAS MO30/b K 30 CyTKaM OMbITA Y SKMBOTHBIX
B YUIOBMSIX BBICOKOTOpbSI He obGpasyeTrcs. KocTHast paHa BbITTOJIHEHA I'PyOOBOJIOKHUCTOI;
COeIHUTEbHOI TKaHbIO C OTHEIbHBIMM XPSIIEBbIMU M KOCTHBIMMU Oajskamu. Y OJHOTO
SKMBOTHOTO Ha 30 cyTKM 06pa30oBasICs JIOXKHbIN CYCTaB.
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OCAKU N CKNOHOBBLIE NMPOLECCHI: FTEO3KONOIMMYECKUA AHANN3
YYACTKA «YbIUbIPYbIK» (FOXXHbIN KbIPTbI3CTAH)

Mupsanues Mypaaun!, Kanetrosa JIuHapa 9mMeHoBHa!, MaganueBa 3uHaryn JKymaHanueBHa'!, AcuiioBa 3yibdust
ArtampIp3aeBHa!
DKanan-A6anckuit Hayunblil meHTp 0O HAH KP, JKanan-A6am, Kbiprei3ctaH

AunHoTtanusa

llenpi0o uccaegoBaHUs SBASETCS YCTAHOBJEeHME B3aMMOCBSI3M MeXAy aTMochepHbIMU
ocaJikaMM, CKOPOCTbIO CMeIIeHU M 0O0BEMOM CMENAIIIMXCSI MAacC Ha TOPHBIX CKIOHAX
IO>kHOrO KbIpreiscraHa. OO6bEKTOM aHaiaM3a BbIOpAH CKJIOH B paiioHe MeCTOPOKIEeHMS
«YbIMBIPYBIK», XapaKTEPUSYIOIIUIACS BBICOKOM TPELIMHOBATOCTHIO, [TepeMeHHO BIaYKHOCTBIO
U TIPUCYTCTBUEM DPBIXJIBIX IPYHTOB. 1711 OLleHKM re03KOJIOTrMYeCKUX YCIIOBUI UCIIOIb30BaH
KOMILJIEKC MH)XeHEePHO-TeoJIOTMYeCKMX METOMIOB: Treoje3nyveckasi CbeéMKa, OypeHue,
BepTUKaJIbHOE 3/IeKTpudecKoe 30HAMpoBaHme (B33), 1abopaTopHblie uccienoBaHus Gusmko-
MeXaHMUYECKMX CBOVCTB TPYHTOB M KIMMaTUYeCKye HaO/MoIeH sl Ha MeTeocTaHIuu «'yadax.
CpenHeromoBoe KOJIMUYECTBO OCAAKOB cocTaBisieT 520 MM, MpM 3TOM B BeCeHHe-JeTHUI
repuof;, GUKCUPYIOTCS KPaTKOBPeMeHHbIe JMBHU 0 76 MM/CYTKM, OKa3bIBalollye BAUSIHUE
Ha [TOpOBOe JlaBjieHNe U PUIbTPaLMIOHHbIE ITPOIeCChl. BhISIBI€HO, UTO KPUTUUYECKIME YCTOBUS
dbopMuUpyIOTCS B BeCeHHe-JIeTHUI TIepuo, Py COUueTaHUM OOBOAHEHUS TTIMHUCTBIX ITOPOZ,
M TPEeNMHOBATOCTY KapOOHATHOTO OCHOBaHMs. MHTepmpeTraliusi JaHHBIX B33 1 GypoOBBIX
CKBaKMH TMOATBEPKAAeT Ha/lMuue 30H MOHMKEHHOM YCTOMUMBOCTM HaA MIyouHax 6-12 M.
Pa3paboTka BepxHero ropu3oHTa Kapbepa MOXeT CHU3UTh TeogMHaAMMUecKoe HampsKeHne
M MUHUMMM3UPOBATh PUCK CKIOHOBBIX Jedopmaiinii. PesynbraTbhl MOJUEPKMBAIOT
HeOoOXOAMMOCTD YUETA KIMMATUUECKUX U TUIPOTeoIornueckmx GakTopoB IMpU MHKEHEePHO
OLIeHKe CKJIOHOB U IPOEKTUPOBAHUM 3AIUTHBIX MEPOIIPUSITUIA.

KnioueBble ©I0Ba: OMOA3€Hb, aTMocepHble O0CaaKM, CKOPOCTb CMeIIeHUH, 06bemM
CMEIAIINXCS MacC, MH)KeHEPHO-Te0I0OTUUECKIMEe U3bICKAHUS

SEDIMENT AND SLOP PROCESSES: GEOECOLOGICAL ANALYSIS OF THE
CHYYIRCHYK SITE (SOUTHERN KYRGYZSTAN)

Mirzaliev Muradil', Kanetova Dinara Emenovna!, Madalieva Zinagul Zhumanalievna!, Asilova Zulfiya
Atamyrzaevna'

'Talal-Abad Scientific Center of the South Ossetia National Academy of Sciences of the Kyrgyz Republic, Jalal-
Abad, Kyrgyzstan

Abstract

The aim of this study is to identify the relationship between precipitation, displacement
velocity, and the volume of moving masses on mountain slopes in southern Kyrgyzstan. The
research focuses on a slope near the "Chyyrchyk" deposit, characterized by high jointing,
variable moisture conditions,and the presence ofloose soils. A set of engineering and geological
methods was used to assess geoenvironmental conditions, including geodetic surveying,
drilling, vertical electrical sounding (VES), laboratory testing of physical and mechanical soil
properties, and meteorological observations from the "Gulcha" weather station. The average
annual precipitation is 520 mm, with peak rainfall events up to 76 mm/day occurring in the
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spring—summer period, contributing to pore pressure development and filtration processes.
Critical conditions are observed during this period due to the combination of saturated
clay layers and jointed carbonate bedrock. Interpretation of VES profiles and borehole data
confirms the presence of low-stability zones at depths of 6—12 meters. The development of
the upper quarry horizon is expected to reduce geodynamic stress and mitigate landslide
risks. The results emphasize the importance of considering climatic and hydrogeological
factors in slope stability assessment and the design of protective measures.

Keywords: landslide, precipitation, displacement velocity, mass movement volume,
engineering geological survey
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BBeagenue

CoBpeMeHHbIe KIMMAaTUYeCKMe M3MEHEHUS] U YCUIeHMe aHTPOIOreHHOTO BO3AelCTBUS
Ha NPUPOSHYIO Cpeny MPUBOAAT K YBEJIMYEHUIO0 YACTOThl ¥ MHTEHCUBHOCTU 3K30T€HHBIX
reoIMHAMUYECKMX IIPOIEeCCOB, BKIIOUASl OIIOJI3HM, OOBa/JbI M CKJIOHOBBIE medopMaiyu.
Oco6eHHO YSI3BMMBIMM K TTOHOOHBIM SIBJIEHUSIM SIBJISIIOTCSI TOpHbIE PErMOHbI, TaKue Kak
IOKHbIe paiioHbl KbIprei3cTaHa, IJe couyeTaHue CI0KHOIO peibeda, TPeIMHOBAThIX MOPOL,
" OOMJIbHBIX aTMOC(epHBIX 0CATKOB CO3[aeT IPEANOChIIKM K HapyIIeHUI0 YCTOMYMBOCTH
CKJIOHOB [1,2].

OnHMM M3 KIO4YeBbIX (aKTOPOB, MPOBOLMPYIOIIUX CMeIeHUsI TOPHBbIX Macc, SIBISIIOTCS
atMocdepHbie ocaaku. VIXx MHT@HCUBHOCTbD, MMPOAO/IKUTEIbHOCTb U Ce30HHOCTh OKa3bIBAIOT
NpssMOe BJIMSIHME Ha QUIbTpalMOHHbIE TIOTOKM, IOBBIIIEHNEe TOPOBOTO [AaBJIeHUS U
CHMKEeHMe IMMPOYHOCTHBIX XapaKTePUCTUK IPYHTOB [3,4]. B MMPOBOI IIpaKTHKe OTMeYaeTcs
yCTOMUuMBasl TeHAEHUMS K POCTY JIOKAJIbHBIX OIOJ3HEN, BbI3BAHHBIX KPAaTKOBPEMEHHBIMMU,
HO MOIIIHBIMM JIMBHEBBIMM OCaJIKaMy, OCOOEHHO Ha (poHe HapyIlIeHHOV reoMexaHnyecKoi
CTPYKTYPbI CKJIOHOB B pe3y/bTaTe X03511ICTBEHHO esITeTbHOCTH [5].

AKTYanbHOCTb MCC/IEIOBAHMS 3aK/II0UaeTcs B HEOOXOOMMOCTM [IeTaJbHOTO W3yYeHMUS
B3aMMOCBSI3M MEXIy TapamMeTpaMy CKJIOHOBBIX Aedopmalinii (CKOPOCThIO, OOBEMOM)
M 0OCaKkaMM B YCJIOBUSIX peajbHbIX Te03KOJIOTrMYecKuX O0ObeKkTOB. B kauecTBe 0ObeKTa
MCCIeq0BaHusl BbIOpAH CKJIOH B paitoHe UYbIMbIPUBIKCKOTO MECTOPOXKIEeHMS M3BEeCTHSIKa-
pakyiieunuka (Omickasi 06;1acTh, KbIproi3cTaH), rie HabmoIa0TCs MpU3HaKY HECTaOMIbHOCTU
reoJIOrMYeckoro Maccuaa [6].

[lenb paboThl — YCTAHOBUTH KOJMYECTBEHHbIe M KaueCTBeHHbIe 3aBUCUMOCTU MeEXIY
rapaMeTpami 0CaIKOB M XapaKTepUCTUKAMM CMellleHUit, BbISIBUTb reopu3uueckye mpu3HaKku
HeCTabMIbHOCTH, a TAK)XKe OIIpeJle/IUTh BO3MOXKHbIE Mepbl 10 CHIKEHMIO Te09KOIOTMYeCKOTO
pycKa Ipyu OCBOEHUY TEPPUTOPUMN.

MaTepuajibl 1 MEeTObI

VccnemoBaHusl MPOBOAMIMCh Ha ydacTKe «UbliibIpublk» (Omickass o6macTb, KbIprbi3cTaH),
pacmoyiockeHHOM Ha BbicOTax 2450-2550 M H.y.M. B IIpefenax IOro-3arajHOro CKJIOHA
depranckoro xpebra. OOBEKT XapaKTepu3yeTcsl uUepeloBaHMEM 3aKapCTOBAHHBIX
M3BECTHSKOB U CYIJIMHKOB C [IpM3HaKaMy [IOTEeHLMaIbHO OIIOI3HeBO aKTUBHOCTH [1,2].

1. T'eode3uueckas u monozpaguueckas ceémka

Vol. 2 Issue 12025 (P ejsmr.org [167



EJSMR « Natural Science

BeinmonHena GPS-cbpémka 18 Touek (CkBakuHbl, BO3, KaHaBbl) ¢ IpUBSI3KOi1 B cucteme WGS-
84. IMoctpoen Tomorpaduyeckuii mwad mMacimraba 1:2000 ¢ ropusoHTansiMu yepes 1 M, Ha
OCHOBE KOTOPOTO COCTaBJIeHa MH)KeHepHas cxema CKJIOHOB [1].

2. Bypossle u wypgossie pabomol

I[IpoiimeHo 5 ckBaskuH 06IIei Iy6MuHOM 76 M. B ckBakuHe N22 3adMKCUpOBaHA TUIIMIHAS
IJ1s y4aCTKa M0C/e10BaTeIbHOCTb:

- 0-0,6 M — CYINIMHOK,

- 0,6—4,5 M — BJIasKHbII CYIJIMHOK,
-4,5-9,8 M — TpelmHOBaThIi U3BECTHSIK,
-9,8—-19 M — MIMHUCTBIN aneBponuT [2].

Takoke BBITIOJIHEHO OIMCAaHMe KepHa U OIlpefe/ieHe YPOBHS MOA3€MHBIX BOZ,.
3. dnekmpopa3seedka (B23)

[IpoBemeHO 9 TOUEK BEPTUKAJIBHOTO SJIEKTPUUYECKOTO 30HAMPOBAHMS II0 METOIUKE
[Ilnrom6epske. ITutarmas auaust — m1o 90 m, rmybmHa mcciemoBauust — no 22 M. MeTonuka
06paboTku — rpadoaHanuTHMueckas, mmo mikaue I[Isiiaesa. [TosyyeHHbIe JaHHBIE TO3BOININ
BBIJIEJIUTD UepeayIonecs: CJIOn:

— IIOBEPXHOCTHbIE CYIMMHKY ¢ HU3KUM YIC (70-80 OMm-m),

— BOJOHAachbIeHHbIe IIMHBI ¢ YOC 500-550 Om-M,

— roTHble u3BecTHSIKM (YOC 350-400 OM-M), UTO COOTBETCTBYET pe3yabTaTamM OypeHUs U
YKa3bIBaeT Ha MOTEHIMAIbHYIO IJIOCKOCTh CKOJIbKEHMS B 30He 6—12 M (cM. Tab1. 1, puc. 8).

PacrionoxkeHue Touek 6ypeHM51, 3OHIMPOBaHMS, KAHAB U OOHasKeHMIA ImpeancTaBJI€HO Ha pUcC. 1.

PasMmeweHWe ToYEK WCCNeNoBaHWA Ha y4acTKe «YelibIpYbIK

+4.055el
0.0012 CEBa®HHE W B=33-2
= B33
KaHapa
*  ObHameHue
0.0010 Crn. 3
0.0008 X -1
id ® OfHameHme-1
=S
3 0.0006 |
Crm.2
0.0004
b Karanpa-l
0.0002
Cee.1l

0.0050 0.0051 0.0052 0.0053 0.0054 0.0055 00056 0.0057
HonroTa +7.278el

 PucyHok 1. PasmeujeHue mouex UHMHEeHEePHbIX U3bICKAHUL Ha yuacmke «Ybllibipubik»
(koopouHamot 8 cucmeme WGS-84).
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e Tabnuuya 1. Pe3ynomamst BA3 Ha yuacmke «Ybilivipubik»

Touka B23 I'ny6una, m VoG, Omm Hnmepnpemauus
B33-1 0-1.2/1.2-7.0/7.0-20.0 | 70/550/400 |CyrmuHoK / ImuHa / Vi3BeCTHSIK
B33-2 0-1.5/1.5-6.5/6.5-18.0 | 60 /520 / 380 CyrmyHOK/IMIMHUCTBIN  CYITIMHOK/TpeniiHOBaThIN
MU3BECTHSIK
B323-3 0-2.0/2.0-8.0/8.0-22.0 | 75/500 /420 | CyrnuHok/TnmHa/I[TOTHBI M3BECTHIK
T nagepanzena

“Baccefin p Tanmax E
okl il

e PucyHok 2. BpoHupyouwast n06epxHocms naacma u3eecmuska ¢ ykaioHom 8—10°, eocmouHas

JKcno3uuus.

e PucyHok 3. KaHasa y n0OHOX(bsl 00pbl8UCIO020 CKIOHA C NPOSI8IEHUSIMU KAPPOBLIX (POPM;
2paHuua sodopa3sdenos baccelinos pexk Tanodvik u I'ynua.
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 PucyHok 4. O6pbieucmsiii CKJI0H Ha 80CMOUHOU 2paHulie Yuacmia, 8 HUXCHeli uacmu — 271106l
U38eCMHSAKA, OMOeNUBUIUECS OM MAMEPUHCKOL Moauju.

e PucyHok 6. O6Hax}EHHDLT (hpazmeHm OpoHUpyOweli N08epXHOCMU U3BECMHSIKO8 8 30HE
MeKmMoHUYecK020 KOHMaxkma.
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e PucyHok 7. Obpa3ubst nopod, 0mobpaHHsle U3 cK8axcuHvl N22 (KepH: 2/uHa, U38ECMHSIK,
anespoaum).

Humepnpemayus pe3yismamos
B33-3: HHmepsansl 2nyOuH:

0,0-1,2 Mm — cymimHOK, Y2C 70 OM-M
1,2-7,0 M — BnaskHas rmHa, YIC 550 OMm-M
7,0-20,0 m — u3BecTHSIK, YOC 300-400 OMm-Mm

Takas CTPYKTYpa YKa3biBae€T Ha BbICOKYIO BOAOHACBIIIEHHOCTb CpeOdHMX TOPMU3OHTOB, a
TaK)Ke HaJInuMe BOAOYIIOPOB B 30HE IVIMH, UYTO YBeJIMUMBAET PUCK IMOAIIOPHOTO HACBILIEHNA
M aKTUBalIUM CKOJIb>KeHUSI.

B33-6:

— MOIIHOCTb ITIMHMUCTBIX TOPU30OHTOB 10 16,2 M;
-V3C ot 25 1045 OM-M, KOPpO3MOHHASI aKTUBHOCTb BBICOKASI — IIPM3HAKY 3aKapCTOBAHHOCTU
11 0OBOTHEHHOCTY B OCHOBAHUM CKJIOHA.

HumepnpemayuoHHble 8618006l

— Bepxuue cimou (0-3 M) XxapaKTepu3syrlTCs HU3KUM corpoTusieHnemM (30-70 Om-m), 4TO
COOTBETCTBYET PhIXJIbIM, CYIJIMHUCTBIM WU BJIQXKHBIM OT/IOXKEHUSIM.

— CpenHue ropu3oHThI (3—15 M) uaiie Bcero mnpeacrapiaeHsl Hamu ¢ YIC 500-550 Om-m
— BOZOYyepKMBalOIIye U C1ab0yIIOTHEHHBIE.

— I'my6unHbIe ypoBHM (15—35 M) OTpaskaroT IJIOTHbIE, YCTOMUMBBIE ITIOPOIbI — U3BECTHSIKHA, C
V3C >400 Om-Mm.

Takue maHHbIe YKa3bIBAIOT HA ITOTEHI[MATbHOE HA/IMUME CKOIb3SIIel IIJIOCKOCTY Ha IITyOMHe
6-12 M, 4TO COBMAJaeT C MHKXEHEPHO-TeOJOTMYECKMMM HaOmogeHusIMu B 1mypdax u
CKBa)KMHAaX.

Teoskosornyeckoe 3HaveHue. 30HBI ITOHMKEHHOTO COIMPOTMBIIEHMS, BBISIBI€HHbIE Ha
TpOGMIIbHBIX TMHUSIX BO3, COBIAIat0T ¢ MECTaMM OTPbIBA IVTbIO 1 Y (PO3MOHHBIX ITPOIECCOB.
ATO MOATBEPXKIaeT HeOOXOAMMOCTb MHTerpauyyu BO3 B peryyisipHyio cucTeMy MOHUTOPUHTA
OTIOJI3HEBO¥ OMTACHOCTM U TIJIAHMPOBAHMS Pa3paboTKM BepXHETro IIacTa.
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Kpueas BO3 — To4ka B33-3
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 PucyHok 8. UnmepnpemuposaHHas Kpueas y0elbH0z20 conpomusseHus 0711 mouku B23-3
(memod IlIntombepaice).

4. TIpoxodka KaHas u onucauue oOHax ceHuti

OnucaHo Oomee 6 JUTOIOTMYECKMX pa3pe3oB. B obOHakeHum N92 3aduKCHMpOBaHBI
TpelMHOBAaTble M3BECTHSIKM TOMIIMHON 0 12 M, ¢ IIpM3HaKaMM Kappa M BbIBETPUBAHMUSI.
O6HapysKeHbI JIbIOBI 10 2—3 M, CBUIETENbCTBYIOIINE O TIOBEPXHOCTHBIX CMelneHusX [1].

B pamMKax MHKeHEepPHO-TeOJOTMYEeCKUX paboT Ha yuyacTke «YUbIibIPUbIK» ITPOU3BEIEHO
oTMCaHMe TPEX eCTeCTBEHHBIX OOHasKeHMIT U IBYX pa3BelOYHbIX KaHaB. Lleib — yTouHeHMe
JIMTOJIOTUYECKOTO CTPOEHMUSI BepXHel YacTu pa3pesa, aHaIu3 TPelMHOBATOCTH, IIPU3HAKOB
BBIBETPUBAHMUS ¥ CKJIOHOBBIX leopMarninit.

OCOOGEHHOCTH: TPEIIMHBI 10 5 CM, 3aIlOJIHEHBI IJIMHOJ; HAOIIOIAIOTCS BhIIIEIauMBaHNUsSI Ha
TTOBEPXHOCTY M3BECTHSKA.

FeOMOD(l)O)'IOI‘I/IquKaH pOJ/Ib: IIpeacCTaB/II€T 30HY BOAOpa3aeyia U YaCTUYHOM 3po3nn
ITOBEPXHOCTM KOPEHHBIX ITOPO.

leoMexaHMueckasi MHTepriperauusi. ®@ukcainusi KappoBbix dhopm (60po3abl, YryobneHus),
BBICOKOJ TPEeNMHOBATOCTU M IOBEPXHOCTHBIX OOpYIIeHMI B M3BECTHSIKAX MOATBEpPKIAeT
dbusmko-reosornuecke IIPOLIECChl  BbIleJlauMBaHMsI U (dparMeHTalMy MacCUBOB,
Trpeipacrioiaramoliye K OTPbIBY IVTbI0 1 lehopMaLMsIM CKIIOHOB. DT ITPOIeCChl, KAK OTMeUatoT
McCiieloBaTeNy, YCUIMBAIOTCS TIPY CE30HHOM YBJIaKHEHUM U UyepeloBaHMM ITpoMep3aHMsl/
OTTaMBaHMSI.
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5. JlabopamopHuie uccnedosanus
[TpoBeneHs! ucnbITaHus 14 mMpoo.

— Bnaxknocts: 10,9-22,9%

- IMnotHocts: 1,83-1,95 r/cm®

- Cuerutenue: 0,35-0,43 Kkr/cm?

— Yron BHyTpeHHero TpeHus: 31-40° Metoauka ucnbitaumii — no 'OCT 12248-2010 u 'OCT
5180-2015 [1,4].

6. Knumamuueckue daHHule.

Knumar paioHa ydacTka «YbIMbIPUBIK» OTHOCUTCS K TOPHO-KOHTMHEHTAJIbHOMY C Pe3KOit
Ce30HHOCTbIO TeMITepaTyp U yBlIakHeHMs. [Io JaHHbIM MeTeocTaHLMM «['yua» (abCoMOTHAS
orMeTka 1542 M, MHoro/sieTHMe HabmwomeHusi ¢ 1937 r.), cpemHeromoBasi TemiiepaTypa
cocrasJsieT +7,3°C, abCOMIOTHBIVE MUHUMYM fJocTuraeT —32°C, makcumym — +37°C.

mapOMemEOpOﬂOZMHBCKUC nokasamenau:

Hoxaszamens 3uaueHue
CpenHeromoBasi CcyMMa OCaJiKOB 520 MM
CyTOYHBII MaKCUMyM 76 MM (KOHBEKTVBHbIE JOKAN)
Hamnb6osnee BIaskHbIiI I€PUO Arnipenb — mai
CpenHss TeMIiepaTypa UIOs +19,2 °C
CyMMapHast BTaskKHOCTh Bo3ayxXa ieToM |10 82 % B o6emeHHOe BpeMst
UcnapsieMocTb JieTOM BBICOKA, HO TlepeMeHuBa

Ce30HHOCMD 0n0ﬂ3H€O5p(1306(1HLlﬂ

UccnemoBanus IIOATBEPXKOAIOT, UTO HaMOOIbIIasl aKTMBHOCTb OITOJI3HEBBIX ImponeccoB Ha
T'OPHBIX CKJIOHAX IIPUXOOUTCA Ha BECEeHHUI U paHHe-J’IeTHI/II‘/)I nmepmonnl. OTO CBSI3aHO C:

— HaKOIUJIEHVEeM BJIary B BUJIe CHera B 3MMHUIA TIepUoL,;

— OBICTPBIM HACHIIIEHMEM BBIBETPEJIBIX TOPOJ, TAJION U JOKIEBOI BOMIOV BECHOIA;
— pasBUTHEM IIOPOBOTO AaBJIEHUS B 30HAX ITIMH U CYTJIMHKOB;

— BBICOKOJ MHTEHCMBHOCTbIO KPaTKOBPEMEHHBIX OCaZIKOB B Mae-MIOHeE.

JlaHHbIe MHOTOJIETHETO MOHMTOPMHIA CKJIOHOB Ha COMpeneNbHbIX y4aCTKaX ITOKa3bIBAIOT
MIPSIMYI0 3aBMCUMOCTb MeXKIy ocagkamy Boilie 120-140 % HOpMbI M MaCcCOBOI aKTUBU3aLMen
CTapbIX ¥ HOBBIX OIIOJI3HEN.

HaubosbIiasi MHTEHCUBHOCTh OCaZKOB (DUKCUPYETCS B aripesie—Mae, YTO COBITaIaeT ¢ IMMKOM
TIOPOBOTO JIaBjieHMsI B 0OBOAHEHHBIX 30HAX CYIJIMHKOB U IIMH. ATOT MePUOJ, KIMMaTUIeCKN
COOTBETCTBYET HanbojIee OIacHOMY JIJIsi CKIIOHOBOJ YCTOMUMBOCTY (CM. puc. 9)

AHanmu3 MeTeOJaHHBIX IIO3BOJISIET YTBEPXKIOATh, YTO PETMOH  XapaKTepu3yeTcs
6/aronmpuUSTHBIMM YCJIOBUSIMU 151 C€30HHOM aKTMBAIMM CKIIOHOBBIX Aedopmalinii, 0co06eHHO
B [I€PEXOIHbIVi BeCeHHe-IeTHUI Nepuofl. UHTeHCUBHBIEe 0CaIKM Jake IPU HeCYIleCTBeHHOI
MIPEBbIIIEHNM HOPMbI MOTYT MPUBECTU K HAPYIIEHUIO YCTOMYMBOCTU CKJIOHOB C Pa3BUTOI
TPeUIMHOBATOCTbIO " BOJIOYIIOPaMM.
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e PucyHok 9. CpedHemecsuHble 3HAUEHUs 0CAOKO8 U memnepamypsl 6030yxa no MemeocmaHyuu
«I'ynua» (cpedHeMHo201eMHUE OAHHDbLE).

7. Xumuueckutli aHanu3 nod3emHsix 800

[lJ1s1 OlIeHKM arpecCUMBHOCTM TOA3€MHbBIX BOJ, IO OTHOIIEHMIO K M3BECTHSIKOBBIM ITOpOAaM
M OIpenesieHMs] UX BAMUSIHUSI Ha YCTOMUMBOCTb MaccuBa ObLI IPOBEAEH OTOOP M aHAIU3
Mpo06 13 OBYX CKBaXXMH U pomHuKa. OT60op ocymiecTBisiiacs mo metonuke 'OCT 2761-84 ¢
KOHCepBaleii U TpaHCIOPTUPOBKOI P06 B 1abopaTopuio.

I'Mapoxummyeckye mapameTphl:

Ilokasamens 3HaueHus Xapaxmepucmuka
pH 6,9-179 Cna6olieIouHast peakuys cpebl
MuHepanusanus 0,7-0,91/n IIpecHble BOIbI
JKécTkocTh CpenHsist (BpeMeHaMy NOBbIlIeHHAas ) | KanblieBo-MarHueBblil TUIT
WoHHbIl cocTaB T'apokapO6oOHaTHO-CYIb(aTHBIN Homunnposanue HCOz- u SO
ArpeccuBHOCTb K CaCO3 | YMepeHHas —BbICOKas ToTerIuanbHoe Bhllea nBaHue

U3BECTHSKOB

Humepnpemauus

[TpeobnamaHe ruapOKapOOHATOB U CY/Ib(aTOB, COBMECTHO C HEITPaIbHO 1 CJIa001IeTIOUHOI
peaxiyeit, ykasblBaeT Ha BOTHO-YIVIEKMCIOTHYIO arpeCccuio M0 OTHOIIEHMIO K M3BECTHSIKAM.
OTO MOKET BbI3bIBATh:

— YaCTUYHOE PacTBOpeHMe KapOOHATHOTO 11eMEHTa;
— pa3BUTHME KappoOBbIX PopMm;
— ocabyieHye TPelHOBAThIX 30H.
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BbIBOZIbI MMOATBEPKAAIOTCS TaKKe HaO/MI0eHMeM MOBEPXHOCTHBIX KappoB B OOHaXkKeHUMU
N22 u pesynbraTaMyu reoduUsnUYECKUX M3MepeHMIi 30H MOHMKEHHOTO COMPOTUBIIEHMUS,
COBMAJAOIIMX C TTPEAII0/IaraeMbIMM ITyTSIMU (UIbTPALIUIN.

BausiHue Ha onosi3HeOnacHocms

Kak ycraHoB/ieHO B MeTomonorndyeckux paborax (Pomenko M.K., 2013; Xapp M., LisiToBUY
H.A.), IpUCYTCTBME BOJ C PaCTBOPSIIOIIEl aKTMBHOCTbIO B TPEIIMHOBATBIX U TMOPUCTHIX
M3BeCTHSIKaxX CIIOCOOHO pe3Ko CHMKATh MPOUYHOCTh MTOPO/I, YBeIMUMBATH TOPOBOE AaBjieHNe
M IIPOBOLIMPOBATh pa3BuUTHe GMIbTPALMOHHBIX AedopMannit — cyddosmu, KoibMaTaluu,
GUABTPAILIMOHHOTO BBITIOpPA.

Pe3ynbTaTsl

B pesynbrare KOMIUIEKCHBIX MWHXXEHEPHO-TEOJIOTUUYECKUX U T[UIAPOKIMMATUYECKUX
McCIeqoBaHMii Ha ydyacTKe «UbIibIPUYBIK» TOMYYEHBbl CJIeAylolliyie KiloueBble [TaHHbIe,
II03BOJISIIOLIVE OLIEHUTD OIOJI3HEeBYIO OITACHOCTD U YCTOMNUYMBOCTD CKIIOHOB.

1. T'eonozo-numonozuueckoe cmpoeHue

AHanu3 paspe3oB OypeHus] M OOHaKeHMIT (CM. puc. 3—4) Mokasaja, YTO TeoJIorMYecKoe
CTpOeHMe MIPeCTaBAeHO TPEX3BEHHO MOCIeI0BATETbHOCTHIO:

* BepxHMe pbixJible CyrIMHKY (0-4 M);
* BJIaJKHbIE TVIACTUYHBIE [VIVHBI U IJIMHUCTBIE CYITIMHKY (00 10-14 m);
* TPEIMHOBATbIE U3BECTHIKM-PAKYII€YHMKHN, YaCTO 3aKapCcToBaHHbIe (12-30 m).

OG6HapysKeHbI IJIbIOBI, BEPOSITHO, OTOPBABIIIMECS B Pe3Y/IbTAaTe IOBEPXHOCTHOTO CKObXKEHUS
TI0 rpaHMIle TVIMHA—U3BECTHSIK.

2. Teopusuueckue npusHaxu Heycmouiuusocmu
BepTtukanbHOe snekTpuueckoe 30HAupoBaHue (B33) BbISIBUIIO:

* 30HbI MOHMKEHHOTO0 corpoTuBaeHus (70—-80 OmM-M) B BEpXHUX FTOPU30OHTAX;
« BbicOkMe 3HaueHus YIC (500-550 OM-M) B INIMHUCTBIX CIOSIX;
e cTabuabHbIe 3HaUeHMs (400 OM-M) B M3BeCTHSAKaX (Tabi. 1, puc. 8).

WHTepripeTaliusi yKa3blBaeT Ha HaJIMUME BO3MOXKHOI TJIOCKOCTY CKOJIbKEHMSI B MHTepBaJie
IyouH 6-12 M.

3. Ceoticmea epyHmos
JlabopaTopHbIe ucciemoBanus (Tab. 2) mokasamm:

e BJIQXHOCTb: 10,9-22,9 %;
« cuerutedue: 0,35-0,43 kr/cm?;
e YTOJI BHYTPEeHHero TpeHusi: 31-40°.

2TO COOTBETCTBYET Cpe,ﬂHeﬂ CTeIleHn YCTOIZHMBOCTM IIpn yCJIOBUM CYXOI'O COCTOSHUMSA U
CHIVDKEHUIO YCTOVI‘{MBOCTI/I IIpM BOOOHACBIIIEHNNA.

4. BnusiHue ocadkos

[To maHHBIM MeTeocTaHUUM «I'ymya» (puc. 9), MHTEHCUBHbIE OCAAKU (A0 76 MM/CYTKM) U UX
BeCeHHe-JIeTHSISI KOHLIeHTpalusi GopMUPYIOT MOPOBOe JaBjeHue B BOAOYAEPKUBAIONIUX
ropusoHTax.lepmop anpens—masi SIBASeTCSI KpUTUIECKMUM 10 PUCKY aKTUBU3aLUM OTIOI3HEA.

5. BausHue nod3emHwiX 600
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XMMMUYECKUIT aHaIM3 TOI3€eMHbIX BOI, [T0OKa3al:

» pH: 6,9-7,9;

o muHepanusanusi: 0,7-0,9 r/i;

* CpenHsISI )KECTKOCTb;

* arPeCCUBHOCTH K KapOOHATHBIM MOPOJIaM — YMepeHHast 10 BbICOKOIA.

OUKCUPYIOTCS TPU3HAKM KapCTOBAaHMS M PACTBOPEHMS L€MEHTUPYIOIIEro BellecTBa B
U3BECTHSKax (puc. 2, 6).

6. InmezpanvHas oyeHka
Ha ocHOBe ITO/TyYeHHbIX TaHHbBIX BbIJI€JIEHBI TPY 30HbI Pa3IMYHON YCTONYMBOCTH:

1. BepxHsis 4aCTh CKJIOHA — YCJIOBHO CTAOMIbHAS.
2. CpenHmii CKIIOH (5-15 M ryb6uHbI) — ITOTEHLIMATbHO aKTUBHAS 30HA CKOJIbKEHMSI.
3. HyokHS$IS yacTh — 30HA aKKYMYJISIIIVMA T7TbI0 ¥ IIPOAYKTOB pa3pylIeHMs.

Pasrpyska maccuBa (ITyTéM pa3paboTKy Kapbepa) MOTeHIMaIbHO CHIKAET PUCK HAKOTIIEHUS
HaIpsOKeHU U aKTUBU3ALUM CMeIleHUIA.

Oo6cyxaeHue

Pe3ynbTaThl IIOJIEBBIX, JIAOOPATOPHBIX ¥ AHAIUTUUYECKUX MCCAEAOBAHUM TIO3BOJISIOT
yTBEpPXKIATh, YTO YYaCTOK «UbIiBIpUYBIK» OOJafaeT BCeMM IIPM3HAKAMMU CKIOHOBOI
HeCTaOMIbHOCTH, XapaKTePHbIMU J1JIs1 BHICOKOTOPHBIX TeppUTOpUii IleHTpanbHOM A3UN.

1. CpaeHeHue C AHAJ1I02UUYHbIMU pe2uoHaAMU

[TpoBen€HHBIN aHAIN3 BBISIBUJI CXOACTBO C YCIOBUSIMMU, OTIMCAHHBIMM B MCCI€IOBAaHMUSX Ha
ckioHax KaBkasa u [lamupa, roe Takke OTMeUeHbl:

— KOHTAKTHBIC IJIOCKOCTU MEXKAY INTMHUCTBIMU U Kap6OHaTHI>IMI/I ImopoagamMu;

— ce30HHas QUAbTpaLMs BOA, 110 TPelHaAM;

— KappoBble (OpMbI KaK MapKephbl BbilllenauuBanus u cydpdosun [1,2]. B yacTHOCTH, B
pabotax I'akaeBa (2024) 1 ®omenko (2013) rmoaTBepP;KIAETCS, YTO IJIMHMUCThIE TOPU3OHTHI C
BJIAYKHOCTBIO CBbILIe 18—20 % nmpu HAIMUMU ITOACTUIIAIOLLET0 MU3BECTHSKA SIBJISIIOTCS TUIIOBO
cxeMoii Ay1st GOpMUPOBAHMS CKOMBXKEHMS IITyouHo 6—-12 m [1,3].

2. MexaHu3muwl decpopmauuu
HaxkorjieHue BjIaru B CYIIMHKAX U IIMHAX B BECEHHMIT IIepUOJ, BbI3hIBAET:

— yBeJIMUeHe MOPOBOTO IaBAeHUS;

— cHIsKeHMe 3D GEeKTUBHBIX HAIPSDKEHUI;

— MOTePIO CLeIIeHUs B TIpeiesiaX BOAOYIeP>KMBAIOILEro TOPU30HTa;

— ¢puIbTpalMOHHOE JIaB/ieHMe Ha KOHTAKTHOJ IpaHulie C M3BeCTHSIKaMM.

IornonHuTeIbHO, HabMI0AaeMasi TPeUMHOBATOCTh CITIOCOOCTBYETYCKOPEHHOM MHDWIbTpALIUN,
a KapCTOBO-TJIbIOOBASI CTPYKTypa HapylllaeT CIUVIONIHOCTh MaccyBa.

3. Ycnosus akmususauuu
Kputnaeckum GakTopoM SIBJSIETCSI COUeTaHMe CIeIYIOMINX YCIOBUIA:

— KpaTKOBpeMeHHbIe ocagky 6ojee 50 Mm/cyTku (puc. 9);
— BJIQKHOCTb IVIMHUCTBIX TOPU30HTOB >20 % (Tabi. 2);

— 3aKapCTOBAHHBINM XapaKTep U3BeCTHsKA (puc. 2, 4, 6);

— HaJiMuue Bogoyropa B 30He B23 6—-12 m (puc. 8).
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Takum 06pa3oM, YUaCTOK MOMNafaeT B 30HY JIOKa/JIbHOJ OIOJI3HEBOI ITpeapacIiooKeHHOCTH.
4. I[Ipakmuueckue pekomeHdauuu

— B 11en11X 0cBOeHMsI yyacTKa Kapbepa peKOMeHIyeTCsI:

— IIPOBOAUTD C€30HHBIN MOHUTOPUHT BJIakHOCTH, YIIB 1 0cagKoB;

— co6/MI0AAaTh MOC/IE0BATEIbHOCTDh BCKPBITUSI MAaCCHBa CBEPXY BHUS;

— MMHMMM3UPOBATD CEMICMUYECKME U TUAPOAMHAMMYECKME BO3AEMCTBIS B BECEHHEe-JIeTHUM
repuon;

— OpraHmu3oBaTb JpeHaxkHble MeponpusiTusi (TOPM3OHTA/IbHbIE CKBaXKMHBI WU
rpaBUTAIMOHHbIE KOJIJIEKTOPHI).

- B w1yuae mpomomkeHust paboT ciaemyeT pacCMOTPETh MHTErpaiuio IOCTOSHHOro B33-
MoHuTOopuHra uiau GNSS-HabmoneHns 3a nedbopmauusamu [4].

3ak/jaioueHue

[TpoBe€HHOE WMHKEHEPHO-TeO0JOrMYeCckoe U Te03KOJI0rMYeckoe MCCaeoBaHMe ydacTKa
«YBIMBIPYBIK» TMO3BOJIMJIO BBISIBUTh KOMIUJIEKCHYI0 B3aMMOCBSI3b MEXIy IlapaMeTpamu
aTMoc(epHbIX 0CaJIKOB, Fe0JIOTUUYECKUM CTPOEeHMEM U YCTOMUMBOCTBIO CKIIOHOB.

YCTaHOBJIEHO, UTO:

— TeoJIOrO-IUTOJIOTMYECKasl CTPYKTypa BK/IKOYAET PbIXJible CYIJIMHKM, BOLOYIEep>KUBalolye
[JIMHBI Y TPELIMHOBATbIE KAPCTOBbIE U3BECTHSIKM;

— 1o pesynbraTam B33 m OypeHus B MHTepBajge 6—12 M ¢GopMupyeTcs MOTeHLMaJbHas
TJIOCKOCTD CKOJIbXKEHMS ;

— BeCeHHe-JIeTHUI MaKCMMyM OCaAKOB (IO 76 MM/CYTKM) BbI3bIBAET pPe3Koe yBeluveHue
BJIKHOCTY IJIH U [IOPOBOTO JaBJIeHMUS;

— XMMMUYECKUI COCTaB IMOA3EMHBIX BOJ, YKa3bIBaeT Ha arpeCcCMBHOCTb IO OTHOLIEHUIO K
U3BECTHSKY, YTO MTOATBEPKAAET Bhlle/auMBaHMe U ITOTePI0 IPOYHOCTH.

Haunbosee ys13BMMOI K JedhopManusimM SIBSIETCSI CPeIHSIST YacTh CKJIOHA, rae ¢hopMupyeTcs
CKOJTB3SIIINI KOHTAKT 1 QUKCUPYIOTCS CIeAbI TPOIIIbIX CMeIlleH (IJIbIOBI, KapPbl, 00PO3/IbI).

[TpakTMUeckast 3HaUMMOCTb Pe3y/IbTAaTOB 3aK/II0YaeTCs] B 000CHOBAaHUY HEOOXOAMMOCTH!:

— Ce30HHOTO MOHUTOPMHTA BJIXKHOCTU U fedhopmalinii;
— orpaHuyeHust paboT B MepUOIbl BeCEHHEro YBIasKHEeHUS,
— UCIOTb30BaHMSI IPEHAKHBIX M Pa3TPY30UHbBIX Mep Py pa3paboTke MacCHBa.

[TonyyeHHble JaHHbIE MOTYT ObITb IPUMEHEHBI IJisI MPOrHO3a OTMOJI3HEBOW aKTUMBHOCTU
B aHAJIOTMYHBIX Teomopdonornueckux ycaoBusix LleHTpanbHOV A3uu, a Takke IpuU
MIPOEKTUPOBAHUY TOPHOTEXHUYECKMX MEPOIIPUSITUI C YIETOM KIMMATUUECKUX ClieHapUeB.
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