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KYPFOKYWINK HHAEKCJIAPHHHU XHCOBJTAHIAA XAJIKAPO MABJITYMOTJIAP
BAB3ACUJAH ®OUJAJTAHNIT UMKOHUATJIAPHU

H.0. OMOHOB '*, F.Y. YMHP3AKOB'*, K.P. PAXMOHOB?

' TuapoMeTeoponorus HIMHI-TaAKUKOT HHCTUTYTH, 0omonov506@gmail.com, g.umirzakov@gmail.com
>Mup3o Vayréek Homuaaru Y36ekucton Mumnii yausepcurety, k.rahmonov@nuu.uz

Aunnorauus. Masxyp maxona Iuckom dapécu xaszacuoa KypeoKUUnUK UHOEKCAAPUHU aHUKIAu2d
basuwnanearn 6yaub, ynoa Uxnumuti maoxukomaap oyaumu (Climatic Research Unit - CRU) mavaymomnap
bazacudan ¢oudaranunean. Taokuxomoa oacmnab CRU mavaymomiapuuune UWoHYaUAUSUHY OAX0IaM
Makcaouoa, yiapHu Memeoponocusi CMAHYusiIapu Ky3amye MabIyMomiapu 6uian makkoCciaul uuiapu
amanea owupunou. Ywby maxkociaul Hamuxicacudd UKKU Xul YCyioa AHUKIAHZAH Memeopoa0sUuK
Mavaymomaap ypmacuoacu Gapyiap 8a y3apo O0MUKIUK 0apaxcacu aHuKIaHud, maxiui KWIuHeaH.

Teoepagpux axbopom musumnapu (I'AT) époamuoa Iluckom Oapécu Xxaszacuuune wezapaniapu
aHuKaaHean 6a xagszawmu myaux xampa6b onyeuu CRU mavaymomnapu tiuguiean. Ywby maviymomnap
acocuda KypeoKYUIUK UHOeKciapu XUcoonanud, Cmamucmuk maxiuiiap amaiea ouupuiean. Ammocgepa
é2unnapu 6a 0apé oxkumu ypmacuodacu Cmamucmux O0NaHUWIAY ACOCUOA KYPEOKUUNUKHU NPOSHO3NAUL
umxonusmaapu ypeauunou. Ilpoenos cugpamunu anuxnaw yuyn Hit Score unoexcudan ghotidaranunou.

Taoxuxom namuscanapuy CRU maviymomnap 6azacunune KypOKYUIUK MAXIUIU 6d OOuKa
UKTUMUTL MAOKUKOMIAP V4VH OKOPU 0apax;cadd camapaii 9SKaHIueuHu macoukaanuou. Aunuxca,
MEMeopoN02UsL CIMAHYUSIAPU MABHCYO OYIMA2an Xyoyonapoa éxu Ky3amye MaviyMOmaAapuod y3uauuiap
xkyzamuineanoa, CRU mavaymomaapudan ¢hotidananean x010a MaviyMOMIAPHU MUKIAW 8d Y3AUMupuuL
MyMKUHAUSU oyub Oepundu. Ywby ycyn 0apé xagzacuoacu uKaum V3eapuuiiapu 6a Cy8 pecypciapuHil
MOHUMOPUHE KUTUUHU SIHA0A MAKOMULIAUMUPULL UMKOHUHU Oepaou.

Kanur cy3nap: oapé, dapé xasezacu, ammocghepa ézunnapu, oapé oxumu, CRU, SPI sa SSI
KVPEOKUUNUK UuHOeKkcaapu, cmamucmux Ooenanuws, Hit Score, Ilupcon ea Cnupman xoppenayus
Koappuyuenmu.

* Macwyn myaimmd: oomonovS06@gmail.com, Tein.: +998 90 958-39-30
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Kupum. Kyproxkunnuk rno0an HKJIMM Y3rapuilMHUHT SHT MYXUM Ba MYpakkad
xoaucanapuaan Oupu 0Yaud, y METeOpONOrHK Ba THAPOJIOTHUK TH3UMIIAPTa CE3WIAPIU TabCUp
KypcaTaau. YmoOy XOJUCAaHUMHI TYpJiM MLIAKIUIApUHM AaHMKJIAIl Ba IPOTHO3JAIl WIMUN
TaAKUKOTIapuaa nom3ap0d WyHanunuiapaan Oupu  xucobOnaHamu. XycycaH, THAPOJIOTHUK
KyPFOKYMJIMK CYB PECYpCIApUHUHI KaMalumM OwuiaH OOFIuK OYiIn0, YHHUHI IIaKJIJIaHWIL
*KapaHH METEOpOJIOTHK OMMJuIap OwiaH y3Buil anokamopaup. Ly cababmu, TUApPOIOTHK
KypFOKYIIIMKHU 0axoJamiia METeOpOoJIOTUK MapamMeTpiiap Ba YJApPHUHT JUHAMUKACHHHU YYKYp
TaxJIWI KWMI 3apyp. by xapaéHnoa y30K MyAmaTid UKIUM MablIyMOTIApuAaH (oimamaHuil
MyXUM axamusIT kacO staau. MnMmuii n3naHunuIapHUHT caMapagopiIiTUHA OMIMPHUIIIA XaTKapo
MabJIyMOTIIAp Oa3aJapuHUHT SPATHIIMIIN MyXUM poJl YiiHAMOKAa. XallKapo MUKECAA sipaTUiraH
MabiymoTiap Oasamnapu opacuna byroxk bpuranusuunr Illapkuii AHraus yHUBEpPCUTETU
tomoHuaH unurad ynkuirad Climatic Research Unit (CRU) 6a3acu anoxunaa ypus tyraau. CRU
0a3acu METEOpOJIOTHK Ky3aTyBJIap €TUIIMOBUWINTMHU KUCMaH OapTapad 3Tuiia Xamaa WIMHNA
TAAKUKOTJIap Y4yH MIIOHWIM MabiyMOT MaHOau cudaruja KYJUIAaHWIUIIA MYMKHH. Maskyp
MabIyMOTNap 6azacu rioban Ba pernoHanl MUKECTA IOKOPH aHUKIUKIArH Japaxa TYPJId HKJIUM
MabJIYMOTIAPUHU TaKIUM 3TUO, KypFOKUMINK KapaéHIapuHU YPraHuil Ba MPOrHO3 KWINII YUYH
MyxuM MaHOa xucoOmamamu [Harris et al.,, 2020]. CRU mawmxymotnap 6azacu 1901 itmrman
Oomtad x03uWpru KyHrada OViraH BakT OpajluFuIa XaBo XapopaT, arMocdepa EruHIIapw,
OyfiaHuII Ba OONIKAa MKJIWM TapameTpiiapunu y3 munra onaau [Mitchell and Jones, 2005]. Hly
6oucgan CRU wmabiiymoTiapu MeTeopoJIoTMK Kyprokumiuk unHzaekcu (SPI) Ba ruapomoruk
Kyprokuuiuk uHzaekcu (SSI) ypracuparum OOFIMKJIMKHM YpraHuill, 11y OpPKadd THAPOJOTHK
KypPFOKUWJIMKHHU MpOTHO3Mamaa Kyanuwiumu MymMmkuH [McKee et al., 1993; Vicente-Serrano
et al. 2010].

Nmnunr makcaau Ba Basudanapu. YOy TaaKUKOT HIIMHUHT acocuid Makcaau [Tuckom
napécu Xap3acHJa Xalkapo MabiIyMoTiIap 0a3acl MablyMOTIapu acocuia METEOpPOJIOTHK
KypFOKYWJIMK ~HMHJACKCIApUHM aHHUKiam Ba Oaxojamjgan wubOopar. Ulynunrnex, wumina
METEOPOJIOTUK KypFOKYMJIMK HMHJIEKCIApU acoCHla THAPOJIOTHMK KypFOKYMJIMKHHA IPOrHO3Jall
UMKOHUSATIAPHU TAKUK STHUIITaH.

Tankukor 00bekTH Ba mpeaMeTH. TaakukoT oObekTn cudatuaa Iluckom napécu
xaB3acu Tawiad omuHau. Taakukor mnpeamern sca CRU  6a3acu  MabiayMOTIapHUHT
UILIOHWIMJIMIMHY 0axoJialll, METCOPOJOrMK Ba T'MIPOJIOTMK HHACKCIAPHM XHUcoOjaml Xamjaa
yIapHUHT y3apo OOFIMKIUTHHU MTPOTHO3AIT HyKTau-Ha3apIaH YypraHuiigad uoopar.

bupiaamun Mabaymotiiap Ba TaakukoT ycyjuiapu. Tamkukorna CRU Ga3zacuHuHT
1961-2020 iwmap opalmFUgard  OWIMK — aTMocdepa  EFMHIApPH  MablyMOTIIApHIaH
doiinananunau. Lyauaraek, Iluckom MeTeoposiorus CTaHIUsACH OWITHK aTMochepa EFMHIIapH Ba
[Muckom npapécu Mymnana THUAPOIOTHK TMOCTH OWIMK CyB capdmapu Oyiuda Ky3aTyBiap
MabJIyMOTIapuIaH (HoiaraHmIIz.

CRU wmabnymornap ©6azacu bytok bputanusaunr [lapkuii AHIIusS YHUBEPCUTETH,
Munmii atmocdepa dannapu mapkasu, Okean Ba atmocdepa danmapn Mapkasu xamaa ATpod-
MYXUT HWHCTUTYTH XaMKOpIWTHZa spatwirad. YmOy ©a3a MeTeopojorusi CTaHIMSIapH
MaBJIYMOTIIAPU aCOCHIA TYPIU MHTEPIOISANMS yCyUlapu épAaaMuia KCHr XyAyIJIapHH KaMmpad
ONyBYM ypTada KMUMATIU MabIyMOTIapHu TakauMm dtaau. CRU mabaymoTnapu OenruianraH
KoopauHatamap Typu Oyimya 5°x5° Ba 0,25°x0,25° aHMKIMKAA MIAKUIAHTHPHITaH OYIuo,
yJIapHUHT MIIOHWIMJIMTH Ky3aTyB IyHKTJIapyd COHU Ba jKOlulalmryBura 0esocura OOfIMK. YOy
Mawrymotiap 6azacuma 1901 iwiman AHTapkTUaIaH TallKapyu Oapya MUHTaKalap YYyH XaBO
xapoparu, arMocdepa EFuHIapu, OYFJIAHMII Ba OOIIKA acOCHH METEOpPOJIOTHK KypcaTKudjap
MaBXKyl. baza MabIymMOTIIapu METEOpOJIOTHS CTaHIWSJIApU MaBXKy[l OyiaMaraH Xyayaiapaa
MaBJIYMOTJIAPHHU THKJIAL, Y3aUTUPHUIN Ba MKIMM TaJAKUKOTIAPUHMU camMapajid aMajra OLIMPHIL
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MMKOHMHHU sipataau. XX acp Ooluiapuaa METCOPOJIOTMK Ky3aTyBlap COHM YEKJIAHTaH OyiraHu
ca0abau, MabJIyMOTJIApHUHT aHUKJIUTH Ky3aTyBJlap COHUTa Kapal y3rapui MyMkHH (1-pacm).

¢) PRE Observations 1940-1949 d) PRE Mean cover 1940-1949 g) PRE Observations 2000-2009 h) PRE Mean cover 2000-2009

1-pacm. MeTeopoJiorusi CTAHIUSIJIAPH TAKCHMOTHHMHT AaBpJiap 0yiinya y3rapuuu

Puc. 1. U3MeHeHHe pacnipeesieHUs] MeTEOPOJIOTHIYECKUX CTAHIMIA 10 MepuoaaM
Fig. 1. Changes in the distribution of meteorological stations by periods

Meteoposioruss cTaHUUSUIapM COHMHUHI KYIUIUTM TaAKUK KWIMHAETraH XyIoy[da
METEOPOJIOTHK MabJIyMOTIAPHUHT UIIOHWIMJIMTMHY Ba XyAyAUi KaMpOBUHU olnpaau. Macanan,
la-pacmma 1910-1919 #unnapna xy3atyB TMyHKTJIapu COHM Ba lb-pacmma sca my nmaBpaaru
MabJiyMOTIap KampoBu kypcatwirad. 1940-1949 xampa 1970-1979 hunnapaa mereoposiorus
CTaHLMSUIAp COHMHUHT opTUlIM HaTwkacuaa (lc- Ba le-pacm), MabiayMoTiIap KaMpOBU
KeHrairanu ky3zaruianu (1d- Ba 1f-pacm). Illy 6unan 6upra, 2000-2009 iunnapaa cTaHusIapu
COHMHUHI Kamaiuimu (1g-pacM) MabayMOT/Iap KaMpPOBUHHUHI MacallMIINra OJHO KeIraHiIurd
kypuHu6 Typudau (1h-pacm).

CRU TS MabiayMoTiap 6a3acu TapkuOuaa y30K MyIIaTIM UKIUM TaXJIWIA Ba CTATUCTUK
MOJEJUTAIITUPUII YUYH 3apyp OyiraH, ypraua OWIMK METEOPOJIOTHK IapaMmeTpiap TakIUM
ITHIIAIIHN.

1. XaBo xapoparu.

2. XaBo XapopaTH aMILTUTYIacH.

3. Atmocdepa EruHIapu MUKIOPH.

4. Atmocdepa 6ocuMHU.

Masnymotnap terunuiu daitn [CRU TS Version 4.06 URL] opkanu rokinaHaau. Yoy

skapaén Google Earth mactypu €pmamupa cruts 4.06 gridboxes.kml daiinmuan ounmn opkamu
amasira omupuiani. Hatmkana, napaxka Typu KypUHUIINIA KaTTa Xy Iy AHA KamMpad oryBYH 5°%x5°
TYpAM MabIyMOTIap 3KpaHfaa Xocui Oymaau (2-pacm). BUpOK TaaKUKOT HWINKA YIYH KUYHKPOK
XYyl TaxJi KuinnHea, 0,25°%0,25° gapaxa Typiapu 0yiinua MabIyMOTJIapra 3XTHEK Ce3UIalu.
Hly cababnu, KHYMK XyAyA YIyH MabIyMOTIap axpatud oinuHau [2-pacm]. By xapaén knumk
Ymuamnu xyayanap Oyiinua aHukiavkau TabMuHnamga Ba CRU mabnymoTnapuHu amanuii
TaAKUKOTIApra MOCIAIITUPHUIILIA (oiTaTaHUTAIN.

MeTteoposoruk Ba THAPOJIOTMK MHJAEKCIAp OpacuJaru CcTaTucTuk OornaHum Ilupcon
Koppernsus KodhGUIHeHTH Oyiinua aHuKIaHaH:

cov Z(x=-x)(y-¥y) (1)

o0y Z(x—%)2E(y-7)?

N =
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Oy eprma: X,y — y3rapyBuwiap, X,y - Yy3rapyBUWJIApPHUHI YpTada apu(METUK KuiMaTtiapu,
cov — KoBapuanus Ko3(puiueHTy, ox Ba Oy — X Ba y Y3rapyBUMJIApUHHUHI ¥pTadya KBaJpaTiId
yernanunuiapu [Pearson, 1895].

DIIRNAL TEMPERATURE RANGE

s g

Largarimaga Data - Snow conmmng sranan
VAPOUR PRESSURE

i

Lscosrimage  Dats Show coniriouin stslions Lamarimans ‘Data® Show centinuing atatians

e i

STATION MARKERS

Diurnal
Temparature
Range

2-pacm. CRU 6a3acuaan MabJIyMOTJIAPHHH HOKJIA0 0JIMII KeTMa-KeTJIUT |
Puc. 2. IlocaenoBareibHOCTD 3arpy3ku 0a3bl 1anabix CRU
Fig. 2. The sequence of data downloading from CRU database

Bynnan ramkapu, Crnvpman pair uoaacu opKajlu XaM UHICKCIIap Opacuiaru CTaTUCTUK
OOFNIaHMILIHYU aHUKJIAIl MYMKHH:

_ ., exa
p=1-Tain @

Oy epma: d> — y3rapyBumIapHH paHT pakamyapd (GapkIapyHU KBaJpaTH, N — KAaTopiaap COHH
[Spearman, 1904].

KypFoKkumimk Xomucacu MPOTHO3WHUHI aHUKJIUTUHU Oaxonam Makcamaunga ‘‘hit-score”
yeynn Kymnanwigu. Ymoy ycynma SPI Ba SSI wapmexkcmapu 70%, 80%, 90% Ba 95% nuk
TabMUHJIAHUII YM3UFUJIAH NIACT OYran Kuiimarnap acocuaa trannab onunanu [ Barlow et al., 2002;
Lehman et al., 2005; Chen and Sun, 2015; Guo et al., 2018].

Omnunras “hit-score” Hatmxanapu 1-xanBania KeITHPUITAH KPUTESPUTIAP OPKATIH TaXJIHI
KUIUHIM. TaKKoCnaIl xaaBainia Kyrnuaard Xxoaariaap Tax Ml KHITHHA T

“a” — METEOpOJIOTHK KYpPFOKUWIMK Ky3aTWITraHJa TUAPOJIOTUK KYpPFOKYWIIMK Xam
Ky3aTHJITaH X0JIaT;

“0” — METeOpOJIOTUK KypFOKYHMIIMK Ky3aTHJIMaraH OyJica-a, TUAPOJIOTHK KYPFOKYMITHK
Ky3aTUJITaH X0JaT;
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[Pk

¢’ — METEOpPOJIOTMK KYPFOKUMWJIMK Ky3aTWIraHJa THAPOJOIMK KypPFOKYMIIMK
Ky3aTWJIMaraH XoJar;
“I” — METeopOoJIOTMK KYpPFOKYMWIIMK Ky3aTWjiMaraH Ba THUAPOJIOTHUK KypPFOKYMIIMK Xam

Ky3aTUJIMaraH xoJjar.
[yHnunrgexk, “a + ¢” KUWMaTH METEOPOJIOTUK KYypFOKYWIMK Ky3aTHJITaH XoJjaTiapia
comup Oynran Ba OYyaMaraH THUIPOJIOTHK KypPFOKYHJIMKIAPHUHT WUFHHIUCH —cudaThaa

xucobnanaay. bomrkaya aifitranaa, Oy KypcaTkud METEOPOJIOTHK KyPFOKYMIIUKIIAP )KaMyd COHUHU
ndomanaitmu [Wilks, 2011]:

H=-2 3)

1-scaosan
KyprokKuu/iuk nmporuo3jiapu camapajopJauruian daxosaamaa Kyuianuiaaguran “hit-score”
KAHMaTH
Tabauya 1
3nauyenusn "hit-score' npu ouneHke 3¢p¢peKTUBHOCTH MPOTHO30B 3aCYXU
Table 1
"Hit-score' value in assessing the performance of drought forecasts

. Ky3zarunran mereoposioruk Kyprokumiuk (SPI)
Kuitmatnap Xa Ty Kantst
[IporHo3 KunMHraH Xa a 0 a+o
TUIPOJIOTUK KYPFOKYHIIHK Uy c 0 cto
(SSI) Xammacu atc o0+o0 H=a+o6+c+o

Hit-score udogacu ymly Takkociall HaTHXKallapy OpKaiu Japé€ xaB3acuaa KypFOKUHINK
XOJIMCACMHUHT METEOPOJIOTHUK MHJIEKcIap OusiaH Kai Japa)kaaa OOFIUK SKAaHJIUTHHHU aHHKIallga
Kyuanwianu. Yoy ndomanu Kylugarnya TyIIyHUII MyMKHH:

KuiimMar 1 ra sKuHIamranuga — KyproKYHIMK X0IMCacH METEOPOJIOTHK MHAEKCIap OuiaH
y3BUit OOFJIMK SKaHJIUTHHH KypcaTau, S’bHU MPOTHO3 CU(ATH I0KOPH;

kuitmat 0 ra sKMHJIAraHuAa — KYpFOKUMIIMK X0AMCACUra METEOPOJIOTUK UHACKCIAPHUHT
OOFJIMKJIMTH MaB)XyJ] dMAaclIUTMHUA Ba yHra OOIIKa OMHJIIAp TabCHUPU IOKOPH OSKAHIUTHHU
anrnataau [Haslinger, 2014].

OuMHra" HaTHKajdap Ba yjaapHuHT myxokamacu. CRU 6a3acMHUHT UITOHYWIMIIUTHHU
aHuKjIam makcaaunaa [IuckoM MeTeoposorus CTaHIHACH Ky3aTyB MabJIyMOTIapu OuiiaH ymioy
CTaHIMATa MOC KenyBUYM XyIyJIHuU Kampal® onran CRU Mabiaymotriapu y3apo COJUIITHPUIIN
(3-pacm). By Takkociamn HaTHXalapu MabIyMOTJIap aHUKIWTH Ba MOCIUTHMHHU 0axoiaml Xamzia
0a3a MabJIyMOTJIAPUHUHT XYAyAUN KYJUTAHWIMII Japa)KaCUHU aHUKJIAIl UMKOHUHY Oepau.

Merteoposnorust cranmmsacu Ba CRU 6azacu MabiyMoTiapu Huuiap JaBOMHUIA Y3rapuill
TEeHACHIUICH OVHMYA AP yCTMa-yCT MOC KeNraH. BUpok, MeTeoposorusi CTaHIUsICUAa Kang
ITUITaH €FUH MUKAOPHU CE3WIAPJIM JAapa)kala KaTTapoK DKAHJIUIM Ky3aTwiaau. byHuHr acocuit
ca0alu IIyHJaKH, METEOPOJIOTHS CTAaHIIMSCH MAabIIyMOTH OUp HYKTaJa YauaHraH JoKal (HyKTaun)
Mabaymot xucobnmanamu, CRU 0a3zacu sca xynya OYyiimda MablyMOTIApHU WHTEPHOJISIHS
ycyJuiapu épaaMuia ypraya KuiMatiapuau udoaanaiim.

CraTucTuk OOFJIMKIMKHU U(POJAIOBYM JeTepMuHanus ko3dduuuentu R* > 0,67 Oynran
xonarnapaa CRU mabnymotiap 6azacuiad (oialaHuil WIMAN M3JIAHUILUIAD YYYH MaKcaara
MyBopuK [Montgomery et al., 2012]. By mapT MabIyMOTIapHUHT aHUKIUTHHA Ba
MUIOHWIMJIMTUHY TabMUHIal yuayH 3apyp. CRU Mabiiymotiap 6a3acuian UaIMuil TaJKUKOTIIapaa
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camapanu ¢GoiilanaHuIll y4yH, aBBajI0, YHUHT METCOPOJIOTHS CTAHIIMSCH TOMOHUAAH Ky3aTHIITaH
aTMocdepa EruHIapy MabIyMOTH OWJIaH OOFIUKINTY OaxoNaHaU (4-pacm).

X, MM
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1600
1400
1200
1000
800
600
400

Lo 2. ™ 5 N e = T e T 0 T o Y N = 2 T I o ™ 3 T =5 e O T ™ Y S = 3 O Y 0 O T N = B O o 0 S ™ 5 T o = 3}
W W0 W W W s~ 00 00000000 0 O Q0 Q0 Q0 o e e
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3-pacm. CRU 06a3acu Ba IInckomM MeTeopos1orusi CTAHUMACHAA KY3aTHJITaH HHILJIMK
arMocdepa éFMHIAPHUHUHT TAKCHMJIAHUIIH

Puc. 3. Pacnipenesnienue rogoBbix aTMocepHbIX 0caaK0B 10 JaHHBbIM 0a3b1 CRU n
Ha0JII0AeHU HA MeTeoposiorndeckoii crannuu [eckem

Fig. 3. Distribution of annual precipitation based on CRU data and observed in Pskem
meteorological station
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4-pacM. CRU 6a3acu Ba IInckom MeTeopoJIOrHsl CTAHIMACHAA KY3aTHJITaH HHILTHK
aTtMocdepa éruHIapu opacuaaru 0OorJIaHUII

Puc. 4. CBsi3b Mexkay rogoBbiMu atMocepHbIMH ocagkaMu o JaHHbIM 0a3bl CRU u
Ha0JII0ICHUIMH Ha MeTeopoJiorndyeckoii cranuum I[eckem

Fig. 4. Correlation between annual precipitation based on CRU data and observations at
the Pskem meteorological station

IOxopuna xentupunran OofmaHuIn Tpadurd acocuaa AaHMKIAHTAH KOPPEJSIHs
ko3 punment kuitmatu r = 0,90 ra TeHr Oyiranauru cadadnm, TaAKUKOTIA YpraHuiaérrad aapé
xap3acura €raguran arMocdepa érunmapunud SPI (CrammaprmamTupuiran €FuH HHIEKCH) ra
aimantupum taBcus strnagn [McKee et al.,1993; Ymupsakos Ba 6omk., 2021; Ymup3akoB Ba
Omomnos, 2021].
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TankukorHunr ymOy kucmuaa CRU  wmabnymornap 6a3zacuaan  ¢oiinananuo,
MeTeoponioruk unaekcnap (SPI) xucobnanau Ba ynmapHUHT WUJUIap JaBOMUJA Y3rapuIId TaXJIHI
kwmaay. Ly makcamgma SPI6 uHaekcnapyu yuyyH OWIMK Y3rapuilIapHUA akC STTHPYBYH I'paduk
yu3uiIau (S-pacm).

SPI SPI6 okTaAdpL-MapT
a
3
2
1
0
1
2
-3
YO @AY AN ® DO N H DN DD OO
©F 07 0”7 N VN D F D DD D & 7
NI G R IC AR PG M AN QIR G SR S SN
a) T, dna
SPI SPI12 okTs10pb-ceHTSAOPL
4
3
2
1
0
1
2
-3
P LMK PP PSSP P
TR RTRDTRDTRRDTRTR DT RDTRDTDT AR AT AR AT DT AR A

6) T, iiun
5-pacm. CRU 6a3acu 0yiinua 6 oisiuk (a) Ba 12 oitsiuk (0) SPI KuiiMaT1apuHUHT
y3rapumm

Puc. 5. U3menenue 3Hauennii SPI 3a 6 mecsaaiues (a) u 12 mecsineB (0) mo ganubiM 6a3pl CRU
Fig. 5. Changes in 6-month (a) and 12-month (b) SPI values based on the CRU database

Sa-pacmaa kypuHu6O Typubauku, SPI6 mnnekcununr “0” KuiiMaTh MEHEPHU aHTIIATaIIH.
19609 w1 >HT cepéFuH Hu cudaTuaa Kaiia stuiaran oyica, 1974 vt sHT KypFOKYHII HIUT OYIIraH.
My 6wmnan 6upra, SPI12 unaexkcnapu ydyH TaxXJWwUIap UIyHU KYpPCATIUKU, SHT KYPFOKUYWII JTaBp
1982 iinnra tyrpu kenaau (56-pacm).

Tanakukor maBomuma CRU 0a3acu Ba METEOpPOJIOTHS CTAHIMSICH Ba THUIPONOCTIA
Ky3aTHJIraH MabJIyMoTiap acocuna xucobmaanran SPI Ba SSI unaekcnapu ypracumaru 60FIUKINK
Yypraumnau. Jlactnabd, Iluckom mereoposiorust cranumsicu Ba CRU 0azacu oiimmk atmocdepa
&runiapy xamaa Myiana THAPONOCTH A Ky3aTHIITaH OMIINK CyB capdy MabIyMOTIapH acocuia
SPI6 Ba SSI6 uHAcKkcnapu XHCOONAHAM Ba yiap opacuuard OOFIMKIMK TaXJIWI KWJIHHIU
(2-xanBan).

2-kafBangaH KypuHUO TypuOAWMKHM, Xap OWp [daBpHUHT cypaTha METEOPOJIOTHUs
CTaHLMACH OMJIaH THAPOIIOCT MabIyMOTJIapH opacuaaru Oornanul, Mmaxpaxuaa sca CRU 0azacu
OuyaH TUIPOIOCT MAabIyMOTIapu opacuaaru OofiaHunuiap Kypcatuiaran. OKTAOpb-mMapT
ovimapumaru SPl uupexkcnmapu Owinan mapr-aBryct oWnapuaaru SSI WHAEKcTapu ypracuaaru
Koppersinus kodpdunuentu r = 0,81 ra Tedr O6yinrad. Ymly 10KOpH OOFUKIIMKHE Japé XaB3acura
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¢KKaH EFMHTapYMIMKIAPHUHI ACOCHM KUCMM OKTAOpb-MapT OWIapura, OKUM 3ca arpesib-
CEHTAOpH oiylapura TYFpu KeJUIIK OUIaH U30XJ1alll MyMKHUH .

2-orcaosan
SP16 Ba SSI6 nnaexcaapyu ypTracuaaru CTaTuCTHK OOFJIAHHILIAD
Tabnuuya 2
CraTucrnyeckue cBs3u Mexxay naaexcamu SP16 u SS16
Table 2

Statistical relationships between the SPI16 and SSI6 indices

Oiitap SPI6 (ITuckom mereoctanumsicn/ CPY 6azacn)
VII-L | IX-I [ X100 [ XEIV [ X0V [ 1=V [ H-VI ]| -V [ IV-IX | V-X [ VI-XT [ VI-XTT
0,24
ML e
034 | 033
X-1l 041 | 04
= 043 | 043 | 036
E X-m 05 | 049 | 04
= 0,53 | 058 | 054 | 037
g | XMV Tos59 063 | 057 | 044
S 0,59 [ 0,69 | 068 | 06 | 052
§. XV 7664 [ 0,71 | 07 | 065 | 0,56
E | v 1062 [ 075 1079 ] 074 | 0.69 | 0.58
s 064 | 077 | 08 | 0,79 | 073 | 0,61
g vy 062 [ 075 [ 0.81 | 079 | 076 | 0.67 | 0.68
= 063 [ 076 | 0,82 ] 08 | 08 [071] 07
Eé v 061 | 0.73 [ 081 | 079 | 075 | 0.67 | 0.68 0,68
s 062 [ 075 | 081 | 08 | 08 [071] 07 0,66
£ vax 061 [073 108 T 078 | 0.75 [ 0.67 | 0,69 0,69 0,53
E ) 062 | 074 | 081 | 0,82 | 0,79 [ 072 ] 0,71 0,66 0,55
= VX 061 | 072 ] 079 | 077 | 074 | 0,66 | 0,67 0,68 0,53 | 0,26
@ 061 | 073 ] 08 | 081 | 078 [ 071 07 0,65 0,54 | 033
vixy 39 [ 069 | 077 | 073 | 0.72 [ 0.66 | 0,67 0,68 0,53 [ 026 ] 0,09
058 | 07 [ 078 | 077 | 077 | 0,71 | 0,69 0,65 0,54 [033] 0,12
viexir —0:57 [ 0.63 [ 0.71 | 066 | 066 | 0.62 | 0,64 0,69 0,56 [ 035] 0,19 | 0,27
0,56 | 0,63 | 071 | 0,69 | 0,71 [ 0,69 ] 0,68 0,65 0,55 | 041 | 023 0,25

H30x: panznap koppensyus dapaxcacuti ughooanraiou (Ku3ui — KU4UK, Sului — Kamma,).
Ilpumeuanue: ysema npeocmasisom ypoeHu KOppenayuu (KpAacHblil — HU3KULL, 3el1eHblil — 6bICOKULL).
Note: colors indicate the of correlation (red — low, green — high).

CRU mabaymotriapu Oyiimdya SHT KywId OOFJIMKIUK HOSOpb-alpeib oiiapura TYFpH
kenrad 0ynu6, Oy maBpaaru xoppemsuus kodpoumnuentu r = 0,83 HU Tamkun >Tau (2-KaaBaji
Maxpakujga KeITHPWIraH). YOy HaTwka, EFMHTapuWIMKIAPHUHT MasKyp oilap JaBoMuzaa
IIAKJUTAHUIIN OUJIaH W30XJIaHAIH.

SPI12_MC(mereoposorust cranuusicn) Ba SSI12 mHIEKcIapu TMAPOJIOTUK MW AaBpU
yayH Tax;mn Kumuaan. Yoy naspaa SPI Ba SSI unaexkcnapu opacuaaru Koppemnsiius 3UdIIATHHA
udonanaiinuran koddpdunuent kuiimaru r = 0,80 1e6 Tonunau (3-xaasan).

3-xanBangan kypuHuO TypuOmuku, SPI12_ CRU Ba SSI12 uHzmexcmapu THIPOIOTHUK
Aunra Moc KeIyBUM JaBp Y4yH TaxXJwil KWIMHAU. YOy JAaBpJa aHUKIAHTaH KOpPpEIsLus
ko3 punmentu r=0,78 ra TeHr 6yaau (3-xkaaBaj Maxpaxkuaa KeATUPUITaH).

SPI6 Ba SSI6 unaexcnapuau ypranumga SPI6 naBpu WMIHUHT COBYK SpUM HWIINTU —
OKTSOpb-MapT oitnapura, SSI6 maBpu 3ca WHITHUHT UCCHK SIPUM HWUJUIMTH — alpeb-CEHTIOPh
oilllapura MOC paBHILa XUCOOJAaHIU. YMyMaH oOJiraHjaa, Aapé Xap3alapula WHIUTUK SFUHHUHT
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aCOCUIM KUCMU COBYK SIPUM WMIIMKAA MAFUJIAJIA, OKMM €A aCOCaH UCCUK IPUM MUJUIMK/IA 1apEnaH
oKubO yTaau.

3-orcadsan
SPI12 Ba SSI12 uHaexcaapu ypTacuAaru CTaTUCTHK OOFJIAHMILIAD
Taonuya 3
CraTucTuyeckue cBsi3u Mexkay naaexcamu SPI12 u SSI12
Table 3
Statistical relationships between the SPI12 and SSI12 indices
SPI12 (ITuckom meteocranuusicu/CRU 6a3acn)
Oiinap III- VI- | VII- | VIII- XII-
XIFL | B DD | 7 | VIV | VAVE | o | o | T [ IXX | XXT |
0,56
XII-I 0.63
0,56 | 0,51
- 0,63 | 0,59
= 0,57 0,53 0,37
s | M 06 | 06 | 045
=
0,6 0,57 0,43 0,29
g - ) k) k) k)
g v 0,66 0,63 0,49 0,33
S| vy 065 | 066 | 056 | 045 [ 0.38
& 0,7 0,7 0,59 0,47 0,38
E 0,62 | 0,72 | 0,73 | 0,69 | 0,64 | 0,62
= | V-VI
= 0,65 | 0,72 | 0,72 | 0,7 | 0,64 | 06
=
5| yivn 0,51 | 0,63 | 0,75 | 0,79 | 0,78 | 0,77 | 0,75
< 05 | 059 | 07 | 076 | 0,78 | 0,77 | 0,75
< i 046 | 059 | 074 | 08 | 081 | 08 | 0,79 | 0,79
g VILVIE 7525 1 054 | 0,68 | 077 | 08 08 | 078 | 0,77
= 045 | 059 | 074 | 08 | 082 | 081 | 08 0,8 0,8
: - k) > 2 2 bl bl > k) 2
e VITHIX 7043 [ 052 | 0.67 | 0.77 | 081 | 081 | 0.79 | 0.78 | 0.78
% IX-X 0,45 0,58 0,74 0,81 0,83 0,82 0,81 0,81 0,81 0,72
@ 042 | 051 | 067 | 077 | 082 | 081 | 08 | 0,79 | 0,79 | 0,75
XXI 0,44 | 057 | 0,74 | 0,81 | 0,83 | 082 | 0,82 | 0,82 | 08 | 074 | 0,65
041 | 05 | 066 | 0,77 | 0,8 | 08 | 081 | 0,79 | 0,79 | 0,76 | 0,7
xnxi 043 | 057 | 074 | 082 [ 084 | 083 | 083 | 0.83 [ 083 [ 0.75 [ 0.65 | 0.61
) 041 | 05 | 067 | 077 [ 08 | 08 | 081 | 08 08 | 076 | 0,69 | 0,65

H30x: panenap koppenayus oapaxcacuru ughooanaiou (Kusui — KU4uK, S — Kamma,).
Ilpumeuanue: ysema npedcmagnaom yposHu KOpperayuu (Kpachvlil — HU3KULL, 3e1eHblil — GbICOKULL).
Note: colors indicate the of correlation (red — low, green — high).

SPI12 Ba SSI12 unnexcnapu ypracuna OOFIUKIUKHE YPraHUII YUyH THIPOJIOTUK HHIT —
OKTAOpb-CEHTAOph OMIapuHM Kampad OJyBuYM JaBp TaHjgaHaud (4-xansan). by Tanios
METEOPOJIOTUK XOIUCAJAPHUHT THAPOJOTHK >KapaéHiapra KypcaTaluraH TabCUPHHU SHaZa
AHUKPOK Oaxomnamr MMKOHWHH Oepaan. YmlOy €HmamyB napé XaB3alapuaaru EFMHTapUUIAK Ba
OKMM YpTacuaard MaBCyMHH OOFJIMKIMKHU UYYKYPPOK TaXJIMJ KWIMII YYyH MYyXUM OYynu0,
THJIPOJIOTHK Ba METCOPOJIOTHK MabIyMOTIIap OpacUard MHTCIPAlMsiHA TabMUHIIANIN.

SPI eéa SSI unoexcnapu ypmacuoazu cmamucmuk O00J1AHUWNAD 64 YIAPHUHZ
maxaunu. SP16 Ba SSI6 mHAEKcIapu METEOPOJIOrUs CTAHLHUACH Ba THAPONOCT MAabIyMOTIIapH
ounan Gormanranza koppessius koddduumentd r = 0,80 ra TEHINIMTHM AHUKIAHTAH. Y XIIAII
HaTmwkanap SPI12 Ba SSI12 unnekcnapu yuyn xam kaiia stwiaun. CRU mabirymoTinap 6a3acu Ba
ruponoctT Mabiaymorinapu Omman SPI6 Ba SSI6 muaekcmapuHUHr OornaHuml Koddduimentn
r= 0,81, SPI12 Ba SSI12 nanekcnapuna 3ca r = 0,78 6yiau.
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Crniupman ycynu 6uiad xucobaaHrad 60FIaHUII HaTHXKanapura kypa, gpaxkar SPI6 Ba SSI6
uHaekcnapu yayH CRU mabiymotnap 6azacu Ba rufponoct Ounan 6ornaHum kuimatu r = 0,81
ra TeHr OynraH. bomka y4 xonmarma sca CrnupMaH ycyiau OwiaH OJHMHIAH KOPPEISIHS
kodpurmentu [Tupcon ycynura HucOaTaH KUUUK KHMaTaa Oyiau.

4-acaoean
KyproKunink nporsosjiapu camapagopJuruau “hit-score” kuiimatu éprammnaa 6axosiam
Tabnuua 4
Ounenkn 3(ppeKTHBHOCTH NPOTHO30B 3aCyXH HA OcHOBe 3Ha4YeHus «hit-score»
Table 4
Assessment of efficiency of drought forecasts using “hit-score” value
MC SP16(X-IIT) SPI12(X-IX) CRU SPI6(X-11T) SPI12(X-IX)
(1965-2020 iiii.) SSI6(IV-1X) SSI12(X-1X) (1965-2020 iiii.) SSI6(IV-1X) SSI12(X-1X)
R 0,80 0,80 r 0,81 0,78
CnupMman r 0,78 0,74 Cnupman r 0,81 0,72
Y% | hit score % | hit score
70 0,71 0,71 70 0,65 0,76
80 0,60 0,73 80 0,40 0,73
90 0,67 1,00 90 0,33 0,80
95 0,67 0,67 95 0,33 0,33

Kyprok4mimk mporHO3JIapUHUHT aHUKJIUTHA OaxojaHTaHaa, dHT sxmu Hathxka SPI6 Ba
SSI6 wHAEKCIAPUHWHT METEOpPOJIOTHSl CTAHIMICH Ba ruapornoct Owradn 90% TabMHUHIAHWII
YU3UFUIA XMCOOMaHTaHaa Kaa aTuirad 0ynu6, Oy HaTwka nporHo3HuHr 100% aHUKIMK Ovitan
OJIMHTAHJIMTUHU KypcaTanau. Ymyman omraiga, CRU 06azacu MabaymoTiapu Oyiinua
KypPFOKYMJIMK TPOTHO3M HaTIKalapu OHpo3 KUYMK KypcaTkuuiapra sra. byHuHr cababu
cupatuna CRU OGa3za mabaymoriapuHuHr SPI wuHAekcinapm MalJoHIUM MablIyMOT Xamja
EFUHTapUMIMK MUKJIOPH KaTTa XyAyAra HHTPOMOJISIIHS KIIMHTAHIUTH Ba OOIIKA OMUJUIAPHUHT
TabCUpH JieraH Xyjocara kesnauk. SPI Ba SSI unaexcnapu 6uian G0FIaHUNILIIAPH TaXJIHIT KWJIMHUO,
SHI AXIIM OOFJaHMIN JaBpjiapyd YyKyppoK YpraHwiranuja siHajla SXIIM HaTHXKauap OJIUIL
WMKOHMSITH MaBXYyJIMTUHU TAbKUIAIl MYMKHH.

OnuHran HaTWXajgapJaaH Keaub YuKaaurad xyJaocajap.

1. CRU wmabaymomiiap 0a3zac METEOpOJIOTHS CTaHLUMACH MabJIyMOTIapu OuiiaH
TAKKOCJIaH/IM Ba yJiap Opacu/ia CTAaTUCTUK OOFJIaHUII MaBXY IUTY aHUKIAH]IH.

2. CRU o6a3acu acocuma SPI6 Ba SPI12 unaekcrnapu Xucobmad YUKWIIH, yIapHUHT
Huiapapo y3rapuiil rpaduru 43wy Ba KMiMatiap METeOpOJIOT s CTAHIIUSICH MabIyMOTIIapH
OuIaH TaKKOCJIAH/IH.

3. SPI6 Ba SPI12 meteoponoruk uHaekciapu Ouian moc pasumiga SSI6 Ba SSI12
TUAPOJIOTUK WHIEKCIIAPU OpacuIaru OOFIaHUIILIAD aHUKJIAHIM Ba Ma3Kyp OOFJIaHUIILIAp acochIa
WWTHUHT COBYK Ba MCCHUK SPUM WIIUTMTHY Y4yH hit score KuiiMaTiapu XUCOOIaHIH.

4. Hit score kuiimatnapu CRU 0a3a MablyMOTiapu acocuaa KUYUKPOK OOFJIaHHII
KUWMATIapuHA Kaiag dJTraH Oysica-ma, HSHT [OKOpWM OOFNIAHUWII JaBpjapy TaHJIAHTaHUIA
KypPFOKYHJIMK ~WHACKCIAPY MPOTHO3JNAIIIA CcaMapalid HaTWKanap OepuIlld HMKOHHSITH
MaBXyIJIUTA 04U0 OCpHIIIN.

5. Onunran Hatwxkanap CRU 6aza mabaymoTnapuaad (oiganaHUII UMKOHHUSATIAPH
KeHI DJKaHJIUTHHM KypcaTaau Ba ymlOy Oaza Typiud WIMHM Ba aMaluid TaAKUKOTIapna
KYJUTAaHWIAILIW TaBCUSI dTUJIAIH.

6. MeTeoposiorust CTaHIUsUIapy MaBxKy 1 OyiIMara €Ku yaapaara MabJIyMOTIIap y3UiraH
xynymiapaa CRU 6a3acu MablyMOTIapyUHU THKJIAIT Ba yaapaaH (oWIaIaHuIl TaBCHsI ATHIIAIH.

Myamnugaapauar  xuccacu. H.O. OmoHOB: Makoiia  FOSICHMHM  KYJUIall,
MabJIyMOTJIAPUHU WUFUIN, KaWTa WIIJIANl, Makojla MATHUHM E3WII, HATIWKalap TaxJIiiu.
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F.Y. YMup3aKkoB: Makona FOSCHHM AHMKIALITHPHIL, METOMOJIOTHACH, HATHXKANAD TaXJIHIIH,
HaTHXanapHu Tekmupuil, paxOapnuk. K.P. PaxmMoHoB: Makona Fosich, OOBEKTHH TaHJIAII,
MaKoJIaHHU pacMHUiIamTupuil. bapua myamnudiaap Kya€3MaHUHT HAIpra STHITaH MIAKIMHA YKUO
YUKIUIAP Ba ¥3 POSWIMKIAPUHH OUITUpAUTIAp.
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AHHOTamUsA. Hacmosiwas cmames nocésaujena onpeoeneHuio UHOeKCo8 3acyxu 6 bacceline pexu
Tlckem. B uccnedosanuu ucnoavsoganuce oaunvie b6azvt Climatic Research Unit (CRU). /s oyenku
Haoexchocmu  Oamublx CRU  Owvinia nposedena  cpasuumenvHas nposepka ¢ HAOIOOEHUAMU
Memeoponocudeckux cmanyuil. B pesyibmame conocmagnenus Ovliu 8blAGIEHbL pA3IUYUA U CHIENEHb
KOppenAyuu MexHcoy MemeopoiocUdecKUMU OAHHbIMU, NOJYYEHHbIMU O8YMSA PA3HLIMU Memooamu, U
nposedeH cOOMeemcmeyIowutl AHAIU3.

C nomowwio zceoepaghuueckux ungopmayuonnvix cucmem (I UC) 6viiu onpedenenvt epanuybsi
baccetina pexu Ilckem u coopanvt dannvie CRU, nonnocmoero oxeamvigarowue smom pation. Ha ocrose
SMUX OAHHBIX OBLIY PACCUUNANBL UHOEKCbL 3ACYXU U 8bINOTHEH cmamucmudeckuii ananu3. bouiu usyuensi
603MOJICHOCMU ~ NPOCHO3UPOBAHUA  3ACYXU HA OCHOBEe CMAMUCMUYECKOU  63AUMOCEA3U  MeHCOY
ammocghepnvimMu 0cao0Kamu U peyHviM CMOKOM. [l OYeHKU Kauecmea npocHO3a UCHOIb308ANC UHOEKC
Hit Score.

Pesynvmamut uccnedosanus noomeepaicoaiom 6vicokyio sgpgpexmusnocms oannvix CRU Ons
aHanu3a 3acyxu u Opyeux Kiumamuieckux ucciedosanutl. OcobenHo dmo aKmyaibHo 05 pauoHos, 2oe
OMCYMCMBYIOm MemeopoLocUYecKUe CMAHYUY Wil UMEIOMCs. NPONYCKY 8 HAOM00aMeENbHbIX OAHHDIX.
Hcnonvzosanue oannvix CRU nossonaem 6occmanasiuéams U pacuiupsame Kiumamuieckue psaosl, 4mo
cnocobcmayem co8epuleHCmEo8anUI0 MOHUMOPUH2A KIUMAMUYECKUX USMEHEHUU U 800HbIX Pecypcos 6
peunom baccetine.

KaroueBble cioBa: pexa, peuroll daccelin, ammocgepuvie 0Cadku, PeyHoll CMOK, UHOEKCbl
sacyxu CRU, SPI u SSI, cmamucmuuecxas 3asucumocms, Hit Score, xosgppuyuenmuol xoppensyuu
Tupcona u Cnupmana.

26



I'mnpomereoposorus Ba aTpo-MyXUT MOHUTOPUHTH Ne 4, 2024

OPPORTUNITIES TO USE OF THE INTERNATIONAL DATA IN CALCULATING
DROUGHT INDICES

N.O. OMONOV', G.U. UMIRZAKOV'?2, K.R. RAKHMONOV?

! Hydrometeorological Research Institute, oomonov506@gmail.com, g.umirzakov@gmail.com
* National University of Uzbekistan named after Mirzo Ulugbek, komiljons@mail.ru

Abstract. This article is dedicated to the identification of drought indices in the Piskom River
Basin. The study utilized data from the Climatic Research Unit (CRU) database. To assess the reliability
of the CRU data, a comparative analysis was conducted against observations from meteorological stations.
This comparison revealed differences and the degree of correlation between meteorological data obtained
through two different methods, and a comprehensive analysis was performed.

Using Geographic Information Systems (GIS), the boundaries of the Piskom River Basin were
delineated, and CRU data covering the entire basin were collected. Based on these data, drought indices
were calculated and statistical analyses were carried out. The potential for drought forecasting was
examined through statistical relationships between atmospheric precipitation and river discharge.
The Hit Score index was applied to evaluate the quality of the forecasts.

The results of the study confirm the high effectiveness of the CRU database for drought analysis
and other climate-related research. This is especially valuable in regions where meteorological stations
are absent or where observation data are incomplete. The use of CRU data enables the reconstruction and
extension of climatic records, thereby enhancing the monitoring of climate change and water resources in
the river basin.

Keywords: river, river basin, precipitation, river flow, CRU, SPI and SSI drought indices,
statistical linkage, Hit Score, Pearson and Spearmann correlation coefficients.
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