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BBEJAEHHUE

[IpeacraBienre 0 TOM, KakuM 0Opa3oM JieC BIUSIET Ha BOJHBIN pPEXUM
TEPPUTOPHUH, CBOWCTBA M KA4ECTBO BOJHBIX PECYpPCOB, MEHSAETCS B CBS3U C
MIPOBEJECHUEM HOBBIX SKCIIEPUMEHTAIIBHBIX U TEOPETHUECKUX UCCICTOBAHUM.

B  pesyapTrare  MHOTOJETHHUX  JKCIEPUMEHTAIBHBIX  HCCIEIOBAHUMN
BBIICHSIETCS, KAK CKa3bIBAIOTCS Ha BOJHOM PEXKHME TEPPUTOPUU KIMMATHUECKUE
ycioBus B 0acceiiHe peku (KOJIMYECTBO OCAIKOB, BEIMUMHA UCTIAPEHHUSI, 3aBUCSINAs
OT TeMIIepaTyphl BO3IyXa) U JTaHIIadTHRIE 0OCOOCHHOCTH (TOpHAS WJIM PAaBHUHHAS
TEeppUTOpUSi, reorpaguyueckas 30HaJTbHOCTb, PACTUTENBHOCTh U Tp.). B mpupone
CYIIECTBYIOT (PU3UKO-Teorpaduieckie OpraHu3aluy B BUIC PEUHBIX 0aCCEHHOB, U
KOKIYI0 PEKY HE CJeAyeT pacCMaTpUBaTh OTIEIBHO OT T€X IUIOMAJAeH, KOTOPbIMU
oHa muTaercs [1].

NMeHHO ¢ HayajgoM SKCIEPUMEHTOB B IMpejenax MalibiX 0acCelHOB CBSI3aH
nepexo]l K KOJMUYECTBEHHOMY MPEACTABICHUIO O POJIA reorpapuueckux (pakTopoB
u JanamapToB B (GOPMHPOBAHWU THAPOJIOTMYECKUX IpoieccoB. Yem Memnbye
Oacceiin, Tem 00JIbIIIE POJIb JTAaHAIIAPTHBIX 0COOEHHOCTEHN OacceiiHa U MEHbIIIE POJIb
KJIUMaTHYeCKUX ocoOeHHocTeil. JlanamadTel peyHoro OacceilHa SIBISIOTCS
WHBapUaHTOM TeIUIa U BiIaru [2].

B 1menomM MOXKHO KOHCTaTUpPOBaTh, YTO B HCCIEHOBAHUAX CBS3U WIIU
3aBUCUMOCTH THUJIPOJIOTUYECKOIO pPEKMMa TEPPUTOPUU OT TaKUX (PAKTOPOB, Kak
JaHAAaQTHO-TeorpauIecKue XapakTEPUCTHKH, METEOPOJIOTMYECKUE YCIOBUS,
PACTUTENBHBIA ITOKPOB, aKTUBHOCTb M XapaKTEP XO3AMCTBEHHOW IEATEIbHOCTH,
€CTh MHOT'O BOIIPOCOB.

AHanu3 CBSI3M TUAPOJOTMYECKUX TApAMETPOB PEYHBIX OACCEMHOB C
KJIMMAaTUYECKUMH U JIaHAIA(THBIMU XapaKTepUCTUKaMU TpeOyeT BOBJICUECHHS B
UCCJICIOBAHUE JIaHHBIX M3 KIUMATHUYECKHX W THUAPOJOTHYECKUX 0a3 JTaHHBIX,
mudpoBeIX Mojened penbeda, MAHHBIX JUCTAHIIMOHHOTO 3O0HJIUPOBAHUS U
pe3yNbTaTOB MX OOpabOTKH B BUAE KAPT, PA3IMYHBIX PACTPOBBIX U BEKTOPHBIX
JAHHBIX. OJTO OOJbIIME O0BEMBl JAaHHBIX, KOTOpPBIE TpPeOyIOT 00pabOTKH B
CHEIUATN3UPOBAHHBIX T€OMH(DOPMAITMOHHBIX TTAKETaX.

O6maunsie cuctembl [ IC npenmararoT ajs pelieHus TakuX 3a/1a4 HaJIe)KHbIE
WHCTPYMEHTHI, pEATU3YIOIEe METO/Ibl T€OMH()DOPMATUKH, U MOIIIHBIE IPOTPAMMHO-
anmapaTHble CpelCTBa: reorpauyeckue CcepBepbl C OTKPBITBIM JOCTYIIOM,
ycTpoMcTBa  Juisi  (OPMUPOBAHUSL  DJIEKTPOHHBIX  KapT W aJITOPUTMBbI
MHOT0()aKTOPHOT'O aHaju3a. boyiee TOro, UCMoab30BaHUE OOJAYHBIX TEXHOJOTUMN
ITO3BOJIAET ONITUMU3HPOBATH MpoLecc co3aanus JokaibHbIX [ C.

B Hacrosmee Bpems  pPBIHOK — OPEACTABICH  PSAAOM  KOMIIAHUH,
MPEIOCTABIISAIONINX 00JIauHbIe CPEACTBA PAOOTHI B TEOMH(POPMALIMOHHBIX CEPBHCAX,
HaIrpuMmep:

— ArcGIS Online or kxommanuu ESRI, munepa B paspaborke 110 TMIC
Pa3JIMYHOTO YPOBHS,

— NextGIS, poccuiickas koMmaHus, CICIHATM3UPYIOMAICSI Ha pa3pabOTKe
nporpammHuoro odecriedenus (I10) u reocepBucoB Ha ocHOBe OTKpHITOTO [10);
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— Google Earth Engine — obnmaunas miardopMa Ui reonpoCTPaHCTBEHHOTO
aHal3a JaHHBIX.

ArcGIS Online — 310 o6maunas I'MC-mmnaTdopma, KOTopas IMpeIoCTaBIIeTCs
kak cepBuc (SaaS). OHa AaeT BO3MOXHOCTh HCIIOJIb30BaTh TOTOBBIC KapThl U
rmoOanpHBIE  CEpPBUCHI, a TakkKe Cco37aBaTh COOCTBEHHBIE  BEO-KapThI,
KapTorpaduueckue CepBUCHI M MPUIIOKEHHUS. PabOTaeT Kak B OTKPBHITOM PEKUME
«JUTS BCEX», TaK U B PSKUME OpPraHU3aI|K C POJICBOM CUCTEMOM mpaB noctymna [3].

000 «NextGIS» — xommepueckasi KOMIIaHUs1, KOTOpasi CTPOUT CBOI OH3HEC
BOKPYT' OTKPBITOTO TPOrpaMMHOr0 0O0eCredYeHHs, JaHHbIX M METOJOJIOTUH B
obmactu reomH(popmaTuku. 3a cYeT OOJBIIOTO KOJWYECTBA YYACTHHKOB,
BOBJICUEHHBIX B Tporiecc pa3paboTku, oTkpbiThie [IC nocTurim 3HaYMTENbHBIX
YCIIEXO0B WU TPOAOJIKAIOT JAMHAMUYECKU pa3BuBaThcs. NextGIS mpenoctasiser
TIOJTHBIN KOMIUIEKC YCITyT 10 pa3paboTke, BHeApeHuo u noepxke ['YC [4].

Oo6naunas tiardgopma Google Earth Engine [5] — sro mmardopma mis
I€ONPOCTPAHCTBEHHOIO aHallM3a JaHHBIX IJ00albHOrO Maciirtaba, KoTopas
UCIIOJIb3YET OTPOMHBIE BBIYMCIUTENbHBIE BO3MOXHOCTH (Google g pemieHus
COLIMAJIBHBIX MPOOJIEM, BKJIIOYasl BBIPYOKY JIECOB, 3aCyXy, CTUXUIHbIE O€ICTBUS,
00J1€3HH, NPOJIOBOJILCTBEHHYIO 0O€30M1aCHOCTb, YIPABIECHUE BOJIHBIMH pECypcami,
MOHMTOPUHI KJIMMaTa, 3aliUuTa OKpyxkarouieil cpeapl. OHa yHUKaJdbHA Kak
MHTETpUpOBaHHas miIaTdopMa, NpeJHa3HaueHHas Ul pacIliipeHHsl BO3MOXKHOCTEN
HE TOJBKO CIIEIUATNCTOB, 3aHUMAIOIINXCSI TUCTAHITMOHHBIM 30HIUPOBAaHUEM, HO U
ropazno OoJjiee IIHUPOKOW ayJWTOPWUH, KOTOPOM HE XBaTaeT TEXHUYECKHUX
BO3MOXKHOCTEH, =~ HEOOXONWMBIX  JUIS  HWCIONB30BAHWUS  TPAAUIIMOHHBIX
CYTIEPKOMIIBIOTEPOB HIJIM KPYIMHOMACIITAOHBIX PECypCOB OOJIAYHBIX BBIYMCIICHUIN
[6]. Earth Engine — BeruuciuTeNnbHAS Cpeaa, TEONPOCTPAHCTBEHHBIA MPUKIIATHOM
nporpaMMHubiii - mHTepdeiic (JavaScript, Python, REST) wu wuHTepakTHBHBIH
NPUKIIAJHON cepBep, paboTarolye ¢ OTKPBITHIM KaTaJlOTOM JaHHBIX (HECKOJIBKO
neradaiToB JIAaHHBIX ).

Lenb nuccepraliOHHON paOOTHI: MPOBECTH aHAIM3 AUHAMUKH I1apaMeTpOB
THJIPOJIOTHYECKOIO pPEKUMa pEYHbIX OacceiHOB B CBSI3U C HU3MEHEHUEM
pPacTUTENIBHOIO TOKPOBA, MCMONb3Ys CpPEACTBA pPabOThl C KIMMAaTHUYECKUMHU
JAHHBIMU U JIAHHBIMU JMCTAaHIIMOHHOTO 30HAMpPOBaHus B o0OnavyHoi cpene Google
Earth Engine. [{y1st 5Toro HEOOXOAUMO PEIIMTD 3a1aUH:

— ompeaenuTh (aKkTopbl, paccMaTpUBaEMbIe B JINTEPATYPHBIX MCTOYHHKAX
KaK BJIASIIOIME HA TUAPOJIOTMYECKUN PEKUM TEPPUTOPUH;

— TIONMYYUTh JaHHbIE B 00JauHOW cpene u3 0a3 AaHHBIX MO KJIMMATY IS
BBIOPAHHBIX TEPPUTOPUI;

— pa3paboTaTh MPOTPaMMBI TPOCTPAHCTBEHHOTO aHAIN3a JaHHBIX;

— TPOBECTH aHAIM3 TIOJYYEHHBIX MapaMeTpoB s TpeX OacCeHOB pek
LHEeHTpaIbHOM yacTu KpacHosipckoro kpas;

— MPOBECTU aHAJIM3 IMOJIYYEHHBIX MMapaMETPOB JUIsl TEPPUTOPU C THOEIbIO
JIECHOT'O TIOKPOBA B Pe3yJIbTaTe MOBPEKICHHUS HACEKOMBIMH U MOKapaMH.



1 IIpocTpaHCTBEeHHBbIE XapPaKTEPUCTUKHN BOAOCOOPHOro OacceiiHa
1.1 Onpenenenue pedyHoro 6acceiina

Bonocbopnsiii Oacceiin B COBPEMEHHBIX reorpauyeCcKux,
TUAPOJOTHUYECKUX, COLUUAIBHBIX, MPUPOJOOXPAHHBIX HCCIEAOBAHUAX CUHTAETCS
HanOoJIee ECTECTBEHHOUN eTMHUILICH JIeJIeHUs TEPPUTOPUH BCE TIaHeThl. baccelHbl
pEKH, 03epa, MOpsi — OJHOBPEMEHHO U YHUBEPCAJIbHBIE, CAMBIE PACIIPOCTPAHEHHBIE
Ha MMOBEPXHOCTU CYLIU MPUPOJHBIE KOMILJIEKCHI BBICOKOM CTEIEHH IEJIOCTHOCTH, C
YEeTKUMU TPaHUIlaMH — BOJIOpa3iesiaMy, U criennduueckre 3THoaAeMOorpapuuecKue
Y 3KOHOMHYECKHE MTPOCTPAHCTBEHHbBIE CTPYKTYpHI [ /]. bacceilnpl — nepapxuyecku
NOCTPOEHHBIE LEIOCTHBIE 00pa30BaHMs, B KOTOPBIX 3aMBIKAIOTCSI MHOTHE BHJIbI
Kpyroobopora BemiecTBa, 000COOMBIIIMECS B YETKUX OpOrpapUUecKuX TpaHUIIAX.
Peunoit OacceilH mpeAcTaBlieH B BHJIE MHOTONapaMEeTPUUYECKOW CHCTEMBI,
JIEMEHTaMHU KOTOPOM SIBJISIOTCA IJIOIIAN PA3BUTHSI TOPHBIX MOPOJ € Pa3IUYHBIMU
(GUIBTPAIIMOHHBIMM CBOMCTBAMU M TEKTOHMYECKUMH OCOOCHHOCTSIMH, a TaKXke
naHAmadTHbIC BBIJICJIBI. B3anmopeiictBue AJIEMEHTOB onpenensier
IPOCTPAHCTBEHHO-BPEMEHHBIE BapUallMi COCTABJSIOLIMX BOAHOrO OanaHca U
XUMHUYECKOTO COCTaBa IMPUPOJAHBIX BOJ MECTHOro reHesuca. Ha 3Toil ocHOBe
pa3paboTaHo IpencTaBieHue o JaHamagTHo-ruapoaorudyeckux cucremax (JII'C),
KOTOpbIE MOTYT OBITh TpaHC(OPMHUPOBAHBI B OOJEE YACTHBIE BapHUAHTHI
IPOCTPAHCTBEHHOM  OpraHu3all  —  CTOKOQOPMHUPYIOIIUME  KOMILUIEKCHI.
JlanamadTHRIE XapaKTEPUCTUKUM OacCEMHOB BKJIIOYAIOT IUIOIIAJb, CPEAHIOIO
BBICOTY HaJ y.M., CPEIHUN YKIOH, TYCTOTY PEYHOW CETH, JJIMHY BHEIIHErO
BOJZIOpa3/iesla M BOJOPA3/CNIOB BCEX MOPSAKOB B OacceitHe. ['mapornormyeckue
XapaKTePUCTUKHU — 3TO CPEIHETOJIOBOM CJIOH cTOKa U ucnapenus [8].

1.2 JlecucTOCTh KAaK XapaKTEPUCTUKA 0acceiliHa peKkH
Boigensitorcs  aBe  GyHKIMM — JIECHOTO  TOKPOBA B OTHOIICHHH

TUAPOJOTUUECKUX XAPAKTEPUCTUK TEPPUTOPHIA:
— BOJI0OXpaHHAast PYHKITUS — BIMSIHUE JIeca Ha TOJJOBOM CTOK;

- BOJOpEryaupyromas (QyHKIUS — CIOCOOHOCTh Jeca IepPeBOIUTH
MTOBEPXHOCTHBIN CTOK B IMOJ3EMHBIN.
JlecucTOCTh — TEOPETHUYECKOE IIOHATHE, XapaKTepU3yIollee IUIOMAb

TEPPUTOPHUH, 3AHATYIO JIECOM, MO OTHOILIEHHUIO KO Bceil TeppuTopuu. Heckosbko
BBIPKEHUH JIJIsl pacueTa JECHUCTOCTH M3BECTHO, Hanpumep, u3 [9]:

JI= Z(SHQCHBIX KHaCCOB)/S o611 *100% (1)

I[X = 2(stoﬁmmx KHaCCOB)/ Z(SHeCHblx KJ'laCCOB) * 100% (2)

3l = (SncaMMO(bnm,Hoﬁ PacTHTENBHOCTH + SHBCOMKHyBIIII/IXCH KyJIbTYp) IS o0 *100% (3)



Jlnsg pacdera JECHCTOCTH MCIOJB3YIOTCS Pa3IUYHbIE CHOCOOBI JeNeHUs
TEPPUTOPHUM: AAMUHHUCTPATHBHBIE PANOHBI, CETh KBAAPATOB C ONPEAEICHHOU
JUIMHOW CTOPOHBI, KBapTajbHasi CeTh JEeCHWYeCTB M mp. B panHON pabote
JIECUCTOCTh PAaCCMATPUBAIOTCS PEUHbIE OACCEHBI, JECUCTOCTb OIpPEACNIeTCs MO
dbopmyre (1) kak OTHOIIEHHE TUIOLIAAMN JIECHOW pacTUTEIBLHOCTH OacceiiHa K ero
0O111e TIIOIIAIH.

B [9] mis HamumonampHoro mapka «Kypiickas Kocay MPeIIoKeHO
UCIOJB30BaTh JecuctocTh (JI) Tepputopuu (1) u gomo xBoitHeix nopoa (IX) (2) B
JIPEBOCTOE KaK yHUBEpCaJlbHblE MOKazarenu. [[ns pacyera WX KOJMYECTBEHHBIX
3HaYCHU BBIOpaHAa TEppUTOpHANbHAS E€AWHMIIA HAONIONEHUS B  BHUJC
JIECOXO3MCTBEHHOr0 KBapTajia. BpluncieHue pasHUIBI MEXAY 3HAYCHUSIMU
Kkax0ro nokaszarens B 2017 u 2007 r. JIerio B OCHOBY COCTABIICHHSI KAPT TMHAMHUKHU
JIECUCTOCTH, JOJIA XBOMHBIX, JOJM Pa3BEBAEMBIX (OTKPBITHIX) MECKOB M MECKOB,
MOKPBITBIX PACTUTEIBLHOCTBIO (3aKPEIUICHHBIX MecKOoB). Koln4yecTBEHHO OlICHEHBI
WU3MEHEHMS TIOMAIHBIX XapaKTEPUCTUK PACTUTEIBHOIO NMOKpoBa Kypnickoi Kockl
3a 10-neTHUi nepruoj B rpaHUIaX KBapTAIBHOM CETH C TOYHOCTHIO HEe MeHee (.1 ra.
B kauecTBe mokazarenedl JUHAMUKH Ui KapTorpadUpoBaHUS HCIOIb30BAHBI
OTHOCUTEJBbHBIE IUIOIIAJHBIE IApaMETPbl, XapaKTEPU3YIOIIUME YCTONYMBOCTH
PacTUTENBHOIO IOKPOBA TEPPUTOPHHU ITOTYOCTPOBA.

B pab6ore [10] mpoananmu3upoBaHbl OCHOBHBIE (PakTOpbl (HOPMHUPOBAHUS
BOAHBIX pecypcoB OacceiiHa p. Canrvp u ee npuTokoB. OILIEHKA JIECUCTOCTH
IPOBEJICHA 110 JaHAIA(THEIM KOHTYPaM U 110 CETKE KBaIpaToB B 25 KM,

JIns neTanpHOTrO aHaIW3a 3aKOHOMEPHOCTEW B M3MEHEHHH JIECUCTOCTH Ha
teppuropun  benropoackoir obmactm  [11] Obpur  mpemsokeH  crmocod  ee
KapTorpadupoBaHusl HA OCHOBE CHUMKOB C IIPOCTPAHCTBEHHBIM pa3pernieHneM 30 m
C TOCIEAYIOIINM YCPEIHEHUEM 3HAUYCHUM B sYEHMKax pa3zmepoM 3 X 3 KM, Ha
KOTOpbIe OblIa pa3duTa Bcs TeppuTopus peruona. I[locnme sToro OblIa mocTpoeHa
KapTorpaMMa JIECUCTOCTH OOJIaCTH, CO3/laHHAsh Ha OCHOBE MHTEPIIOJMPOBAHHBIX
3HAYEHUM JIECUCTOCTM KaXAOW sueviku. NcciaenoBaHue BKIOYAIO AaHAIU3
XapaKTEPUCTHK JIECOB Il Bceil benropockoi o01acTu U ee aMUHUCTPATUBHBIX
palioHOB. AHAJIU3 BBHINOJHSJICS HA JBYX YPOBHSIX. pa3iuyusi B JIECUCTOCTH MO
aAMUHUCTPATUBHBIM palloHaM W MO ydacTkaMm Imiomaneo 3 X 3 kM. Ilomumo
IUIOIIAAN YUYUTHIBAJIOCh KOJIMYECTBO JIECHBIX MAacCCUBOB. AHajau3 JIECUCTOCTH Ha
0oJiee 1eTaTbHOM YPOBHE MYTEM MHTEPIOJMPOBAHUS €€ 3HAUCHHU I, YCPETHEHHbIX B
AYEUKax pasMEepoOM Ha MECTHOCTH 3 X 3 KM, IO3BOJIJI BBIAEIUTH apeabl
TIOBBIIIIEHHOW MJIM MOHIKEHHOU JiecuctocTH (pucyHok 1). Caumku 2000 u 2012-x
rOJI0OB UCIIOJI30BAIMCH JIJISl OLICHKM M3MEHEHHUI MOCTUIAIOIIEH TOBEPXHOCTH.



Pucynox 1 — Cioco6sl mipeicTaBieHust HHPOPMAILIUU O JIECUCTOCTH: a —
pacrnpeneneHre JUCTBEHHBIX (1) U XBOMHBIX (2) JIECOB MO pe3ybTaTaM
KJ1accu(UKaAIMK CHUMKOB; O — M30JIMHEMHAS KapTa JIECUCTOCTH

B uccnenosanuu [ 12] paboTsl 10 BU3yaabHOMY ACIIN(DPUPOBAHUIO U pACUETY
BETE€TALIMOHHOIO HHJEKCAa HOPMHUpOBaHHOW pasHocti NDVI mpoBogunuce no
KocMu4eckoMy CcHUMKY Landsat-8. beuim mocTpoeHsl H30IUHEHHBIE KapThI
€CTECTBEHHOH, HCKYCCTBEHHOW M OOIIEH JECUCTOCTH TEPPUTOPUU TECTOBOTO
MOJIMTOHA, C KOTOPBIMH CpaBHUBAJIAach H30JWHENHAs KapTta 3HadeHud NDVI.
ConpsKeHHBIM aHAIW3 W30JMHEWHBIX KAapT IMIO3BOJIMJI BBIABUTH COBIIAICHUE
KOHTYpOB o011eit necuctoct Tepputopun ¥ NDVI (pucyHok 2). Y cTaHOBIEHO, UTO
pu ucnosib3oBann NDVI npoucxonur yeTkoe pasnencHue TEPpUTOPUM HA JBa
apeaja, COOTBETCTBYIOIIMX OOJIECEHHBIM (E€CTECTBEHHBIE JIECHbIE MAaCCUBBI B
noiiMe) u ManooOieceHHbIM 3eMisiM  (arponanamadgTel). Ilo pesynbratam
BU3YaJIbHOTO  JIEMIU(PPUPOBaHMUS OBUIM  COCTaBJICHbl HW30JIMHEWHBIE KapThl
JIECUCTOCTHA TECTOBOI'O NOJIMTOHA. JIIs1 3TOr0 Ha KOCMOCHUMKE BBIIEISINCH BCE
JIECHBIE HACAXKJECHUS, KOTOPBIE IIPEATIOIIAraaoCch yUeCThb IIPU OLIEHKE JIECUCTOCTH, -
eCTeCTBEHHbIe OalipauHble U MONMEHHbIE Jieca, UCKYCCTBEHHbIE MOJIC3alIUTHbIE U
npuOanoYHbIe JIECHBIE MOJIOCHI M T.A. 3aT€éM Ha KOCMOCHMMOK HaKJIaJbIBaJach
KBaJpaTHas ceTka (B JaHHOM ciydae — U3 28 KBaJpaToB, IUIOMIAas KBajapara — 40
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KM?), W BHYTPH K&KIOTO KBaapara CETKH OINPEAesIach IUIOMAAb APEBECHO-
KyCTapHUKOBOM pacTuTelbHOCTU. [lonmydeHHble 1UGphl AeTWINCh Ha IUIOLIAIAbL
KBaJlpaTa M TaKUM O0Opa3oM JUIsl KaXJIOTO M3 HHUX BBIUUCISJICS IOKa3aTelb
JIECUCTOCTH.

Jlecucroems, %

C T T T

0 2 5 10 15 Gonee

0,15 Inavenna NDVI

Pucynok 2 — ConocraBneHne U30JUHEHHON KapThl JIECUCTOCTH, COCTABICHHON TIO
pe3ynbTaTaM BU3YyaJbHOTO ACMIU(PpUpPOBaHUS, U U30IHUHEHUHON KapThl NDVI

B [13] mpencraBieHsl pe3ynbTaThl OLEHKH TUHAMHUKH JICCUCTOCTH Ha 0T
aecocrenn  CpenHEepyCCKOM  BO3BBIIIEHHOCTH  (Tepputopusi  benropojckoi
o0jacTH), MOJIyYEHHbIE M3 aHajdu3a [JCTAbHbIX AapXMBHBIX M COBPEMEHHBIX
CIyTHHKOBBIX CHUMKOB. DKCIIEPUMEHTAJIBHBIE PE3YyJIbTaThl OCHOBAHbI Ha aHAJIN3E
JaHHBIX C MATH yYacTKOB oOmed Iomansio 1722 KM?, penpe3eHTaTHBHO
OTpaXkarollUX pa3HooOpa3Hble (usMKo-reorpapuueckue ycioBus peruona. Ha
uccienyemoit tepputopuu B nepuoj 1970-2014 rr. ycTaHOBJIEH POCT JIECUCTOCTH
Ha 31% ot ypoBHsa 1970 r. OTMEUYEH POCT MO3AaMYHOCTH JIECOMOKPBITHIX 3E€MEIIb:
BO3POCIIO KOJIMYECTBO JIECHBIX MAacCCUBOB Ha 87% W yMEHBIIWICS CPENHUN pa3Mep
eIMHUYHOTO JiecHoro apeana ¢ 13.0 mo 9.2 ra. Ha tepputopun benroponckoi
00JIaCTH B HaNpaBJICHHHM C CEBEpO-3amaja Ha FOro-BOCTOK HAOIIOJAETCsS TPEH]
CHW)KEHMS CpEIHEN BEIMUMHBI IMHEHHOTO MPUPOCTA IPaHUlIbl JiecoB. Hanbombme
BEJINYMHBI TPOJABWKECHUS TpaHULl JIECHBIX apeanoB B nepuon 1970-2014 rr.
3aMKCUpOBaHbl B HauOoJyiee BIAKHOM 3arajJHod 4dacTu pervoHa — 34.3 M, a
HaMMEHbIIME — B HanbOoJIee 3aCyIIJIMBOM I0ro-BOCTOYHOM yacTh — 15.0 m.

1.3 CBs3b JIECHCTOCTH € THAPOJOTHYECKHAM PeKUMOM 0acCeiiHOB

[unposoruueckass pojib Jieca pPa3iMdaeTcss B Pa3HBIX  KIMMATHYECKUX
YCIIOBUSIX. OtnaBas JOJKHOE KJIMMATOJIOTHIECKOM KOHIICTIIIAN
CTOKO(OPMUPOBAHUS, JIJIs1 KpHOauTO30HKI Cpenrert Cubupu, 3HaUUTENIbHAS YacTh
TEPPUTOPUH KOTOPOH IOKpHITA JeCaMH, H3YYCHUE THUAPOJIOTHICCKON POJU
«XOJIOJIHBIX» JiecOB (cool forests) U BIMSHUS JTECUCTOCTH HA BOAHOCTh PEK BeChMa
Ba)KHA. AKTYaJIbHOCTb JIECOTHIPOJIOTHUSCKHUX UCCIIEAOBAHUI BO3pPACTACT B CBS3H C
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I00aThbHBIM H3MEHEHHUEM KJIMMaTa B pailoHaX KPUOJIUTO30HBI, OHO HEOTHO3HAYHO
OTPa)KAaeTCsI HA MHOTOJIETHUX M3MEHEHHUSIX BOJAHBIX PECYPCOB, YTO OIPEAEIAETCA
MHOTMMH pPa3HOHANPAaBJICHHBIMU IPOLECCAMHU, KOMIUIEKCHOE BIIMSHUE KOTOPBIX
CJIO’KHO IPOTHO3UpOBaTh [14].

Bosnpiioe BHUMaHUE HCCIENOBAHUIO BOJHOTO PEXUMA M THIPOJIOTMYECKHUX
XapaKTepUCTHK B 1iesioM yaeisiercs B Kurae. B pabote [15] paccmarpuBaroTcs
npuOpexXHbIE MyCThIHHBIC Jieca B OacceiiHe (B HMYKHEM TEUYeHHH) peku XyaHxd. B
ATOM UCCJIEJOBAHUU MMOCTABJICHBI 3aa4H:

— UCCIEN0BaTh Kak MPOCTPAHCTBEHHOE paCMpe/lesieHUe, TaK U BPEMEHHbIC
BapUaIMU MPUOPEKHOIO Jieca MYCThIHU X3UX? Ha Pa3HbIX PACCTOSHUSX OT pycia
peKH;

— BBISICHUTD BJIIMSIHUE TPOCTPAHCTBEHHON HEOHOPOJHOCTH CBOICTB MOYBHI U
BPEMEHHOTO U3MEHEHUSI HAJIMYMsI BOABI HA PACTUTEIIBHOE COOOIIECTRO.

N3ydensl 3000-mMeTpOBBIE TPAHCEKTHI, MAYLIME NEPHEHAUKYISIPHO PYCIy
peKH, 4TOOBl OXBAaTUTh PA3JIMYHBIE PACCTOSHUSA OT pyclia PeKH U OTOOpa3uTh
MPOCTPAHCTBEHHOE PACIIPEICIICHUE PACTUTENBHOCTH (HAampuMep, M3MEHEHHS B
(bJI0OpUCTUYECKOM COCTaBe, CTPYKTYpe cOO0OIIecTBa W pa3HOOOpa3uu) BIOJb
paccTosiHus OT pycia peku. B 1o ke Bpems ucnosib3oBanbl Bapuanuu NDVI Ha
Pa3HBIX PACCTOSIHHUSIX OT pyclia PEeKH, MOJIy4eHHbIe M3 H300pakeHHil ¢ Oosee
BBICOKUM pazpetnienueM (Hanpumep, paspemierre 30 m) ¢ 2000 mo 2014 roj, 4ToObl
NpEJACTaBUTh BPEMEHHOE HW3MEHEHHE pacTUTeNbHOCTH. [IpocTpaHcTBeHHAas
HEOJHOPOJHOCTh CBOMCTB IMOYBHI (HAMpUMEP, BIAKHOCTHb MOYBHI, (pU3UUecKue
CBOMCTBA TOYBHI M TUTAHHE TOYBBI) U BPEMEHHOE HM3MECHEHUE HAJIUYUS BOJbI
(HampuMep, CpeHEro10oBas U TOJI0Basi K3MEHYUBOCTh TPYHTOBBIX BO/I, BIAXKHOCTh
MOYBbI M CTOK) HCIOJB30BAIUCH ISl OOBSICHEHUS JUCIEPCUH PACTUTEIHLHOTO
coo011ecTBa.

Hcnonp30Banuchk CIEOYIOMIUE XAPAKTEPUCTUKU  PACTUTEIBHOCTH IS
JIEPEBbEB, KYCTAPHUKOB MU TpaB: Rpen — OTHOCHUTENbHAs IUIOTHOCTb, Rpom —
OTHOCUTEJIbHOE JOMUHUpOBaHWe, Ry — oTHOcuTenpHass BbicoTa, U Rc —
OTHOCUTEIBHOE  TMPOCKTUBHOE  TMOKphITHE  (Coverage).  Mcmonb3oBaauch
XapaKTEPUCTUKKA  BIAKHOCTH TOYBBI Ha pasHod riyoumne. [lokazana
BapuadEIbHOCTD ATUX MPU3HAKOB HA PA3HOU BHICOTE HAJ Y.M.

B Hacrosiee BpeMsi BOIIpoc 0 TOM, YMEHBIIAET JI CTOK B Oacceline XKenroit
PEKH BOCCTAHOBJICHHE PACTUTEIILHOCTH, 0COOESHHO Jieca, CTAHOBUTCS CITOPHBIM [ 16].
AHanM3 TPOBOAWICS MO peKe Boi, KpynHeWllemMy NPUTOKY PEeKH XyaHXd, ¢
MOKPBITON PaCTUTENBHOCTBIO 00JIaCThIO HcchenoBanus. [IpumeHsieTcsl MIUPOKO
UCIIOJIb3yeMasi MOJIeJIb OIIEHKH MOYBbI U BOJbI (SWAT) niis BepXHEro U CpeIHero
teueHust Oaccerina. B monenun SWAT wncnoiis30BaHbl €XKeTHEBHBIE HAOIIO1aeMbIE
MeTteoposiorudeckue paktopsl (1960-2009 rr.), oTKaTuOpOBaHHBIE OTHOCUTEIHHO
CyTOYHBIX JaHHBIX 1960-1969 rT.; oTKanmMOpoBaHHBIC MaHHBIE A niepuoaa 1970—
1979 rr. ucnonp3oBayiack g aHanu3a daHHbIX 1980-2009 rr. KapTel nuHaMuKH
noactunaroieii moBepxHocTy (LUCC) ObUH OIyYEeHBI U3 HAYYHBIX OPTaHU3aIHi,
st 1980 u 2005 TO70B KapThl OBLIM aKTyaIM3UPOBAHBI C TIOMOIIBI0 JAHHBIX
MODIS. Kapter LUCC npencrasisiia 6 TumoB (Jiec, KyCTapHUKH, TTACTOMIIA, OIS,
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BOJIHBIC OOBEKTHI U TIOCTPOMKH) U 25 MOATHIIOB TIOKPOBa. VICHOIh30BATUCH KAPTHI
nactoumr (1 :500 000), mnouBennsie kapThl (1 :1000000), xapTel THUIIOB
pacturenbHocTH (1 : 1 000 000), npyrue naHHbIE.

Mereoponoruyeckue JaHHble ObUIM TMOdy4YeHbl M3 Kurtaiickoil cucTembl
METCOPOJOTHICCKUX JAHHBIX (http://www.escience.gov.cn/metdata/page
/index.html) u wMmeTeocTanimii 0 JOXKACBBIX oOcaakaX. JlaHHBIE BKIIIOYAIOT
aTMOC(pepHOE  JaBJCHUE, CpPEIHIO (MUHUMAJIBHYIO H  MaKCUMAJbHYIO)
TEMIEPATYpy, JaBICHHUE Mapa, OTHOCUTEIbHYIO BIAXXHOCTh, KOJIMYECTBO OCAJIKOB,
CKOpPOCTH BETpa, HAllpaBJICHUE BETPa U BPEMS COTHEUHOTO CHUSIHHUSI.

OOHapyXeHO, YTO CPEAHHA CTOK, OIICHEHHBIA C TIOMOIIBIO KapThI
3emuieniosib3oBanus 2005 roma, yMEHBIIMIICS 10 CPAaBHEHUIO CO CTOKOM IO KapTe
1980 roma, ¢ TeMH k€ METEOPOJIOIrHYECKUMHU BO3AeHCTBUAMHU. OCOOBI MHTEpEC
3[I€Ch MPEACTABISET TO, YTO CTOK COKPATUJICS HA CETbCKOXO3SIMCTBEHHBIX 3eMJISIX,
HO YBEJMYMJIICSA B JIECHBIX paiioHax. TouHee roBops, MOBEPXHOCTHBIA CTOK, CTOK
MOYBBI ¥ OOLTUH CTOK Ha CEILCKOXO3SICTBEHHBIX YTO/IbSIX YMEHBIIATUCH, TOTJA KaK
CTOK TOYBBI M OOMIMM CTOK € JIECHBIX IUIOHIaAe yBenudyuBajics. YToObl
UCCIeNoBaTh  3TO, pa3paboTramu  mATh  cueHapueB: (S1)  HblHemIHee
semutenionib3oBanue (1980) u (S2) 10%, (S3) 20%, (S4) 40% wu (S5) 100%
CEJIbCKOXO3SIIICTBEHHBIX 3€M€JIb, KOTOpbIE MEPEXOASIT B CMELIAHHBIA Jiec.
OOHapy>KUIH, YTO CTOK IIOCTENIEHHO YBEIMUYMBAETCS IPU CMEHE CEJIbX033€MENb Ha
nec npuMmepHo Ha 7,4 mm Ha 10%. Pe3ynbTaTel MOAEIMPOBAHUS TOKA3BIBAIOT, YTO
MIPOBEJICHUE JIECOBOCCTAHOBIICHUSI OKA3bIBACT IOJIOKUTEIHLHOE BIUSHUE KaK Ha
MOBEPXHOCTHBIM CTOK, TaK W Ha TPYHTOBBIM, KOMIICHCHDPYS yMCHBIIICHHUEC
MOBEPXHOCTHOTO CTOKA, YTO MPHUBOJIUT K HE3HAUUTEIHLHOMY YBEIHMYCHHIO CTOKA B
peke Beit co cmemannpiMu nanamadTamMu Ha miaaTo Jlecc, KOTOpbie BKIIIOYAIOT
TOPHYIO MECTHOCTb.

UToObl MHTEPNPETUPOBATH MPOTUBOPEUUBBIC PE3YJIbTaThl, YTBEPKIAIOCH,
YTO BJIMSHUE PACTUTEIBHOCTH Ha TOJI0BOM CTOK 3aBUCHUT OT ILIOLIAAM BOAOCOODA;
OTHOIIEHUSI MEXKJYy HUMHU OBUTM OTPUIIATEILHBIMU B HEOOJBIIUX BOJAOCOOpax U
NOJIOKUTENBHBIMU B 0oJiee KpyHHBIX BojgocOopax. Hekoropeie cuurtanmu, 4ToO,
BEPOATHO, UMEHHO OOJIbIIOE KOJWYECTBO TPAHCHUPALMOHHONW BOJBI HIPaJo
OCHOBHYIO pOJIb B TUJPOJOTHYECKOM IpoLiecce, KOTaa BOJ0pa3aea Obll MEHbIIIE.
pyrue cuuTaiu, 4YTO JIECHbIE MAacCHUBBI 0oJjiee KPYIHBIX BOAOCOOPOB MOTYT
YBEJIMYUBATH OCAJKH U PACTHUTEIBHOCTh, a TaK)KE€ CIOCOOCTBYIOT MH(DHIBTpALIUN
OCaJKOB, YTO YBEJIMYMBACT JOJNIO TMOA3EMHOTO CTOKAa B JIECHBIX paldOHaXx.
HekoTtopsie wuccrmemoBaTenn ykaszaid, YTO IOCAJKa JEPEBhEB OKa3bIBAET Kak
HETaTUBHOE, TaK M MOJIOKUTEIHHOE BIMSHHUE HAa BOJHBIE PECYPCHI M YTO OOIIWI
s ekt ObLT pe3ynabTaToM OajaHca MEXAY HUMHU, KOTOPBIM CHUJIBHO 3aBHUCEN OT
IUIOTHOCTH JIepeBbeB. [IpOHUIIAEMOCTh TMOYBBI OblIa BaXKHBIM (HAaKTOPOM B
OOBSCHEHUH TOTO, KaK JBa croco0a oOjeceHusi (€CTeCTBEHHAsh pereHeparusi u
MOCajJKa) TPUBEIM K TMPOTUBOIOJOKHBIM HW3MEHEHHSIM B PEXHUME CTOKa.
Pe3ynbpTaThl COBETCKUX MCCIEAOBaHUM moka3anu, 9to 48% koshuimeHToB cToka
yBeIMUWInuCh, 32% He wu3MeHWauch, a 20% yMEHbPIIMINCH C YBEJIWYEHUEM
JIECUCTOCTH BojgocOopa. OOIacTH ¢ yBeIMUEHUEM OBbLIN PACIONIOKEHBI B BBICOKUX
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HMIMPOTAX M BIAXKHBIX 001acTax. B 3Tux ycioBusx ol1iee ucrnapeHue B JECUCThIX U
Oe3yecHbIX palioHax oJWHAKOBO. [Ipeamonaranock, 4To CHET MOXKET OBITh CHECEH
WIM B JIECUCThlE paloOHbl U3 OE3JIECHBIX pPallOHOB, YTO MOXKET YBEJIUYUTb
KO3 PUIIMEHT MOoTOKa, HO 3THU (QakTopbl OyAyT ciiabee B HHU3KHX M CPEIHHMX
IIMPOTaX, YeM B BEICOKUX MIUPOTax. KpoMe Toro, pacTUTeIbHOCTh MOKET U3MEHHUTD
THJIPOJIOTHYECKUM LMK CIEAYIOUMM o0pa3oM: IMepepaclpeiesieHue OCaIKoB
KPOHaMH; BETBH, CT€OENb U MOJCTHIIKA CTPEMATCS MEPEXBAaTUTh OOJIbIIE BOABI B
MOYBY; WJIM KOPHHU, BO3MOXKHO, OO€CIEUHBAIONINE KaHANIbl UIA MOTOKA, YTOOBI
NPOHWKHYTh B TPYHTOBBIE BOJBI W U3BJICYh IOYBEHHYIO BOJY B KadyecTBE
ucnapenus. CreaoBaTeiabHO, pa3IMYHBIE pE3yNbTaThl MPUBETU K CIIOPHBIM
OTHOIICHUSAM MEXIY PACTUTEILHOCTHIO M CTOKOM.
[TpumMep HHTEPHONAIMH OCAIKOB MPEICTaBICH Ha prucyHKax 3 — 4 [16].

104°E 105°E 106°E 107°E 108°E 104°E 105°E 106°E 107°E 108°E

@ S2 scenario (b) S3 scenario
36" N w+v E Legend 36° N w.;%.»s Legend
S A Hydrological station 36° N s A Hydrological station

[IBasin [IBasin

Increase of streamflow (mm) Increase of streamflow (mm)
o ]
0-100 0-100

[ 100-150 N 100-150

[ 150-200 I 150-200

. > 200 . > 200

105°E 106°E 107 E 108 E 105°E 106 E 107 E 108°E

104°E 108°E 106°E 107°E 108°E 104°E 105° € 106° E 107°E 108°E

(0 S4 scenario (d) N S5 scenario

36° N + .
Legend w<yE

A Hydrological station Fae N
[Basin
Increase of streamflow (mm)
o
0-100

Legend

A Hydrological station
— Reach

[1Basin

Increase of streamflow (mm)
[

0-100

B 100-150 B 100-150

. 150-200

N

100
— — Kilometers

105 E 106°E 107 E 108°E 105'E 106°E 107 € 108°E
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Pucynok 4 — IIpocTpaHcTBeHHOE pacIpeiesieHue roJ0BbIX 0CaIKOB B Oacceiine
peku Boui — ycpennenue 3a 55 ner, u LIMP ananusupyemon tepputopun

[ToHuMaHue TUIPOJIOTUYECKUX PEaAKIMil Ha JIECOBOCCTAHOBJICHHUE SIBIIACTCS
BOKHON TEMOW B yINpaBlIeHUHU BOJOCOOPHBIM OacceiHOM, OCOOEHHO B KPYIHBIX
JIECHBIX BOJOCOOPHBIX Oacceiinax (Gonee 1000 km?) [17]. B sToM mccnenoBanun
BBIOpAJK JIBa KPYMHBIX JIeCHBIX BojgocOopa (ITunizsH u CsaHinyi), pacinoyioKeHHBIX
Ha 1oro-soctoke Kuras ¢ mromaasio 3261,4 u 1458 kM2, COOTBETCTBEHHO, a TAKXKe
JOJTOCPOYHBIC JaHHbIe 0 KiuMare U ruaposoruu (1954-2006 rompl) Ijs OLEHKH
BIIMSIHUSL KPYITHOMACIITAOHOTO JIECOBOCCTAHOBJICHUSI Ha CcTOK. O0a BOJIOCOOPHBIX
OacceiiHa UMEIOT CXOJHBIN KJIMMaT W UCIBITAIA COIMTOCTABUMEBIE W APAMATHUCCKHEC
W3MEHEHUS JIECHOTO TOKpPOBAa B TEUEHUE IOCIEAHUX JECATUICTUH, HO C
pa3IMYHBIMU CBOMCTBaMU BOAOCOOPOB (Hanmpumep, Ha Bojgocobope CaHiyil penbed
HAaMHOTO Kpy4e, ueM B [IWHIB3sHE), 9TO AaeT YHUKAIbHYIO BO3MOKHOCTh CPAaBHUTH
pasmuuusl THUAPOJOTUYECKHX PEKUMOB B JIBYX KOHTPACTHBIX BOJOpa3aeiiax.
Pe3ynbTaThl mOKa3aau, YTO BOCCTAHOBJICHUE JIECOB HE OKAa3aJl0 CYIIECTBEHHOTO
BIUSIHUS Ha CpeJHUE CTOKM B o0oux BojocOopax. Tem He wMeHee,
JIECOBOCCTAHOBJICHNE 3HAUUTEIILHO COKPATHIIO BBICOKHME YPOBHU cTOKA B [uHIRBsHE,
HO UMeJNO orpannyeHHoe Bausinue B CsaHinyil. TogHO Tak e J1eCOBOCCTaHOBICHUE
OKa3aJi0 3HAYUTENIbHOE U TIOJIOKUTENIbHOE BiHsHUE Ha HHU3kHe cToku (Q95%) B
[MuHIBsIHE, B TO BpeMsl KaKk OHO CYIIECTBEHHO HE W3MEHHJIO HU3KHE CTOKU B
Csanamyii. Takum o00pa3oM, THAPOJIOTHYECKOE BOCCTAHOBJICHHE OTPAHUYCHO U
MeJIJIeHHee B 0oJiee KPyToM BojocOOpHOM Oacceline CsHIYH, TOAYEPKUBasi, UTO
CBOMCTBa BOJ0COOpa TaKKE BAXKHBI JISl ONPECTCHUS THIPOJIOTMYECKUX PEaKIUil
Ha JIECOBOCCTAHOBJIEHHE. DTOT BBIBOJI UMEET Ba)KHOE 3HAUYEHUE JJIsl pa3paboTKu
CTpaTeruii JIeCOBOCCTAHOBJICHUS M YMPaBJICHUS BOJOCOOpaMH B KOHTEKCTE
THIPOJIOTHIECKOTO BoccTaHOBICHHUS [17].

Jlannbie nHIekca mucroBoi moepxHoctu LAl Global LAnd Surface Satellite
(GLASS) ucnonp30BajiCh B KaueCTBE IOKa3aTessl IUIOMIAAN JIECHOTO MOKPOBA B
uccienoBanublx BogocOopax (mpoaykt GLASS LAI ¢ mpoctpaHCTBEHHBIM
paspemienriem 0,05 rpagyca U BpEMEHHBIM pa3pellieHHeM § IHEW ISl mepuoja ¢
1981 mo 2014 rox (http: //www.bnu-datacenter. Com /). Jlanusie GLASS LAI
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OCHOBBIBANIMCH Ha 3HaueHMsIX LAI ¢ ampens mo oKTAOph I KaXKIOro Toja s
BOJHOTO OacceitHa ObUTN MOTYyYeHbl yTeM ycpeHenus fanubix LAI puist nukcenei,
rae 6omnee 50% ux MIOMAAM MOTAAA0T B TPAHUIIBI BOJOpa3/iesia B TEUEHUE Meproia
uccnenoBanust (1957-2006 rr.). JlecHOH NOKPOB 3HAYMTEIBHO COKPATUIICS B
nepuoa 1965—1984 rr. uz-3a KpynmHOMacHITaOHOTO HapYIISHUS JIeCOB (Hampumep,
BbIpYyOKa siecoB). C TeX Mop JIECHOM MOKPOB 3HAYUTENBHO YBEIIUYHUIICS C IPUMEPHO
30% B 1980-x romax g0 70% B 2006 rogy B 000oMX BOJOCOOpPHBIX OacceitHax
Oylarogapsi peanv3aluyd MPOEKTOB MO JiecoBoccTaHOBIeHUIO (1990-2006 romwi).
Takum 00pa3zom, BECh UCCIENYEMBII epruo ] ObUT pa3/iesieH Ha NEPUO] HAPYIIEHUS
necoB (1957-1985 rr.) u nepuoxa BocctaHoBieHUs jecoB (1990-2006 rr.). Xots
MOCJIEICTBUSL  JIECOBO3OOHOBJIEHHSI  JJII  NHKOBBIX CTOKOB  IO-TIPEXKHEMY
MPOTUBOPEUMBEI, OOIIMI BBIBOJI 3aKIIOYAETCS B TOM, YTO YBEIUYEHHUE JIECHOTO
MIOKPOBA 32 CYET JIECOBO30OHOBIIEHNS MOXKET YMEHBIINUTH BICOKAE CTOKH.

Odyenr OoJblIOE BHUMAaHHWE THUAPOJOTOB BCETO MHUpA  YIEISETCs
UCCIIeIOBaHMsIM B Oacceitie peku Amaszonka [18]. Oskumaetcs, 4To BhIpyOKa JIECOB
B AMa30HHH YMCHBIIUT CYMMapHOE HCIIapeHue, TO ecTh dBanoTpanciuparmio (ET),
Y YBEJIMYUT BIKHOCTb MOYBHI U peYHOM cTOK. Macmira0sl u 3Hak peakiuu ET Ha
00e3JIeCeHHEe 3aBUCAT KaK OT BEJIMYUHBI, TAaK U OT PErHOHAIBHBIX OCOOEHHOCTEMH
u3MeHeHus 3eMHoro mokposa (Land cover change, LCC), a Takke OT U3MEHCHHUS
kinmata u ypoBHeil CO,. C 01HOW CTOPOHBI, MOBBIIIEHHBIA YpoBEeHb CO2 CHUKAET
TPaHCIUPALMIO B MACIITa0€ JIUCTHEB, HO ATOT 3P(PEKT MOKET OBITH KOMIIEHCUPOBAH
YBEIIMYEHUEM TUIOTHOCTA JIMCTOBOM 30HBI. MCHonwb3ys TpU PErMOHAIBHBIX
cueHapus LCC, cneuuaibHO pa3pabOTaHHBIX ISl Opa3uibCKON U OOJIMBUNCKOM
AMa30HKH, HCCIEAOBAIOCH BIMSHUE H3MEHEHUS KiIMMaTa U 00e3JeceHus Ha
TUAPOJIOTHIO OacceiiHa AMa30HKHM B 3TOM CTOJIETHH, B35B 3a 0CHOBY 2009 rox. Jlis
kaxgoro cueHapus LCC B3stbl Tpu Mmogenu nosepxuoctu (LSM), LPImLDGVM
(I'epmanus), INLAND-DGVM u ORCHIDEE (®pannust), paboraromue no Tpem
CIIEHapHsIM W3MEHEHHUs KIuWMaTa, HUMHTHPYEMOTO TpeMs MOJEIsIMU OOIIei
nupkyssiun (GCM) u3 4-ro Onenounoro gokiaga MI'OUK (AR4). B cpennem o
OacceitHy AmMazoHku 0e3 obe3necenus pesynabrathl GCM  yka3piBalOT Ha
noBbiieHue temreparypsl Ha 3,3°C k 2100 rogy, 4To yBeIUUYMBAET UCHApPEHUE, B
pe3yabpTare 4Yero KOJMYECTBO OCAJKOB YyBenuuuBaercs Ha 8,5%. B ciyuae
orcytcTBUus BbIpyOku jeca ET wu crok yBenmumBatorcs Ha 5,0 u 14%
COOTBETCTBEHHO. (OJIHAKO B IOr0O-BOCTOYHOM AMA30HUM KOJIMYECTBO OCAIKOB
ymenbmaercss Ha 10% B koHue cyxoro ce3oHa, u Tpu LSM mnpuBomar
ymenbieHuto ET Ha 6%, 4To MeHblIe, 4eM KOJIMYECTBO OCAJKOB, MOAITOMY CTOK
yMeHblIaercs Ha 22%. Hanpumep, MUHUMaIbHBINA pEYHOM CTOK peku Pro Tanaxoc
B 2100 roxy cokparurcs Ha 31% [18].

UToOBl M3YYUTh JOMOJHUTEIBHBIN 3P (deKT obe3aeceHus, Onpeacamia s
LSM tpu koutpacthbix ciieHapusi LCC, ¢ yMeHbIIIEHUEM KOJIMYECTBA JIECOB B 3TOM
crosietu ot 7 10 34%. Bce Tpu clieHapusi YaCTUYHO KOMIIEHCUPYIOT BBI3BAHHOE
kiumaToMm yBennuenue ET (MeHble Jieca — MEHbIlIE CYMMapHOE UCIAPEHHE), U
CTOK YBEIIMYUBaeTCA 1Mo Bcelt Amaszonke. Ha 1oro-Boctoke, oHaKo, BIpyOKa JIeCOB
ycunuBaeT ymeHblieHne ET B KOHIIE CyXOro ce3oHa, MpUBOSI K 3HAUUTEIIBHOMY
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yBEIMYEHUIO CcToKa (mo0 27% B ciy4ae SKCTpEMalbHON BBIPYOKH JIECOB),
KOMIIEHCUPYSI OTpUIATeNIbHBIA 2(PGEKT U3MEHEeHUs KiumaTa, TakuM o0pazom
ypaBHOBEIIMBAs YMEHBIIEHUE HU3KUX MOTOKOB B Puo Tamaxoc. DTH MpOTrHO3bI
CBSI3aHBI C OOJIBIIMMHU HEOTIPEICIICHHOCTAMU, KOTOPBIE MBI TPUIUCHIBAEM OTAEIBHO
pazmuuusim B LSM, GCM u HeonpeaeacHHOMY auana3oHy obOesiecenus [18].
Takum 006pa3oM, THAPOJIIOTHUECKYIO POJIb JIeca BUAST MO-Pa3HOMY B pa3HBIX 4aCTIX
Oacceiina (pUCYHOK 5).

LATITUDE

B0 W 76° W T 657w 47w 60w 567 52°W
( a) ONGITUDE

() ™ " I oGS
Pucynok 5 — Ctpykrypa 6acceiiHa p. AMa30HKH (a); IPOLIEHT 00e3JIeCHBaHUS B
suelikax 25%25 km? B 2005 roxy (6)

Pe3ynbTaThl, OCHOBaHHBIE Ha TOJI€ CHNEIHAIBHBIX TMOJIEBbIX HAOIIOJCHUN B
TpeX HEOOJBIINX COCEAHUX BOAOCOOPOB B BOCTOUYHBIX AHJAX, MOKa3bIBAIOT
CUJIbHYIO MPOCTPAHCTBEHHYIO u BPEMEHHYIO M3MEHYUBOCTD B
TUJIPOMETEOPOJIOTUYECKUX YCIOBHUSX BIOJb JWANa3oHa BBICOT TPOMUYECKUX
BJIXHBIX TOpHBIX siecoB (Tropical Montane Cloud Forests, TMCF) u cBsizansbI ¢
koimaecTBoM MOKpeITHs: TMCF [19]. Bonee BricOkmMe 3amackl BOAbI B KpOHAX U
nmouyBe B 0OoJiee JIECHUCTHIX BOJOCOOpax IO CPAaBHEHHUIO C MEHEE JIECUCTHIMHU
BOJ0COOpaMH TMOTEHIIMATBFHO YMEHBIIAIOT PEAKIIMI0 JOKIIEBOIO0 CTOKAa BO BpEMs
BJIQYKHOTO CE€30HA, KOrjma ObuIo OOHApYKEHO, YTO OCAJAKA OTHOCHUTEIIHHO
OJHOPOJHBI 0 BCEU HCCIEAYeMOM Teppuropuu. HampoTtus, B TeueHUE Cyxoro
ce3oHa 0OoJiee BBICOKHE YYaCTKH IMOJY4aloT OOJBIINE BOJbI, YeM 00Jiee HU3KHE.
OOnHapyXeHbl CcaMblii BBICOKHH CpeIHUN CTOK B BOJOCOOPHOM OacceifHe C
HauOonbpmuM 1okpbiTueM TMCF, HO ero 0OoJiee BBICOKasi CpelHssi BBICOTA HE
MO3BOJIMJIA HANpsIMyK0 OTHeCTH NOTOK K mokpeitTiio TMCF. B wnenom, He
MOJIYYMJIOCh ~ 3aKpbITh  OIOJKETHI  BOJOCOOpa Jake Tocie  TIIATEeIbHOTO
paccMOTpeHMs]  BCEX  COOTBETCTBYIOIIMX  HEOMPEIENEHHOCTEH,  BKJIIOYas
HEOMNpPEACICHHOCTH B KPUBBIX JIMHUSAX TPEHJAOB M IUIOMIAJSX BOJOCOOpa, U
00HaApPYKUJTH, YTO CTOK BO BCEX TPEX BOJAOCOOPax BhIIIE, YEM KOJIUYECTBO OCAIKOB.
OT0 mpenanonaraeT MOTCHIHAIbHYI0 BaXHYIO pOJb Mg JOMOJHUTEIbHBIX
MOCTYIUICHUM BOJABI M3-3a TyMaHa W BKJIaJa BOJbl B IIOYBY, KOTOpBIE HE
paccMaTpUBaINCh B 3TOM pabore. B Oosee mmpokoMm IIaHE METEOPOJOTHIECKUE
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yCJIOBHSI B 3aBHCHMOCTH OT BBICOTHI Ha HAIllEeM TIOJIEBOM ydYacTKe ObUTH BechMa
CXOXXH C YCJIOBHUSIMH, OOHAPYKEHHBIMHU B JApYrux BocTtouHo-aHackux TMCF. Tem
HE MEHee, Ce30HHbIe KOHTpACThI npemnonaratot, uto 3Tu TMCFs B Oacceiine peku
OpHHOKO TOABEPKEHbI IHUHAMUKE BJIAKHOCTH BOCXOIAIIUX IOTOKOB. Takum
o0pa3oM, OHM MOTYT OBITb YSI3BUMBI K H3MEHEHHUSIM THUIPOJIOTUU BOCXOJSIINX
MIOTOKOB, CBSI3aHHBIM C U3MEHEHHEM 3€MJICTIONB30BaHUs. DTO ONMCAHUE U AHAIIN3
ruapometeoposiornueckux wmojeneit B TMCFs 0Oacceitna peku  OpuHOKO
MPEIOCTaBIIsIeT HOBYIO MH(popMmaruio o ruaposiornn KoHTuHeHTaIbHBIX TMCF ¢
YHUKAJIbHBIM BETPOBBIM PACTUTEIIBHBIM MOKPOBOM, YTO JAE€T BO3MOMXHOCTb JIyYIIIE
MOHATH OOPATHYIO CBSI3h MEXKTY HU3MEHHOCTSIMU M TOPHBIMU CHCTEMaMH, KOTOPHIE
HIOJIICPYKUBAIOT PETHOHATLHYIO TUHAMUKY BOJIBI [19].

Takum 00pa3om, aHamu3 JUTEPATYPHI IO3BOJSET CAENATh CICAYIOIIUN
BEIBOA. MccrmenoBanue MTMHAMUKY TTOICTUJIAIONIECH TTOBEPXHOCTH B OacceifHax pek
ABJISIETCS AKTYaJIbHOU 3a/1a4eid, TOCKOJIbKY OH MO3BOJISIET OLICHUTh BEJIMYUHBI CTOKA
U JIPYTUX TUJIPOJIOTUYECKHUX MMapaMeTPOB, KOTOPBIE ONMPEIEISIOT 00bEMBI BOJIBI, €€
Ka4yecTBO. B aHanu3e HUCHONb3YHOTCA KAapThl PACTUTEIIBHOCTH, KIMMATHYECKUE U
TUAPOJIOTHYECKUE 0a3bl JaHHBIX, JaHHBIC JMCTAHIIMOHHOTO 30HJIMPOBAHUS 3a
JecATUIeTHs] HaOmoieHni. B pa3HbIX cTpaHax, aJis pa3iMyYHbIX KIMMAaTHYECKHUX
YCIIOBUM  BBISBIICHA  HEOJHO3HAYHOCTh  BIMSHUS ~ OO€3JIeCUBaHUS WU
BOCCTAHOBJICHUS JIECHOTO ITOKPOBA HA TUAPOJIOTUYECKUN PEKUM.
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2 UcxoaHble JaHHBIE U HUCIIOJB3YEMOC IIPOTrPAMMHOE obecreuyeHue

Hcnonb3oBaHHbIE B pa0OTE TaHHBIE COCTABIISIIOT CJIECIYIOUIUE TPYTIIIbI:

— 0a3bl KJIMMAaTUYECKUX U TUAPOTOTHYECKUX JIAHHBIX;

— mudpoBas Mojaeiab penbeda IS MOCTPOSHUS PEUHbIX OacceHOB H
ornpeaencHus ux JanamadTaeix xapakrepuctuk MERIT Hydro;

— mpoayktel MODIS: MCD12 (rnoGanpHble KapThl IOACTHJIAOIICH
noBepxHoctu), MCD64  (rnoGampHBII  TpoaykT o rapsax), MODI16
(aBamoTpaHcnupanus);

— kapta pacturensHoctu Poccun UKW PAH;

— JTaHHBIC O JIMHAMHUKE JICCHOTO TToKpoBa 1o nmpoekty Hansen Global Climate
Change [32].

[IpenBapuTeNbHBIN U TEMATHUYECKUN aHAIIA3 TAHHBIX MPOBEJECH C MOMOIIBIO
POrpaMMHOT0 00€CTIeUeHUs JIsi pEUICHUs 3a/1a4 IreONpPOCTPAHCTBEHHOTO aHAIN3a
(mocTpoeHUs] pevHBIX OaccelHOB), pa3pabOTKH KapT Pa3HOTO COJCpPKAHUA,
CTaTUCTUYECKOTO aHaJIh3a TaHHbIX.

2.1 Hudposas moaein peabedpa MERIT Hydro - MERIT
Hydrologically Adjusted Elevations

JUist moctpoeHus: BOAOCOOPHBIX TeppUTOpUl (OACCEHHOB) HMCHOJIB3YETCS
mudpoBas mojuenb peabeda MERIT Hydro — MERIT Hydrologically Adjusted
Elevations (Bepcus 1.0 ot 17 mast 2019 r.). B Heil uHTErprpoBaHbl JaHHbIE penbeda
SRTM, AW3D-30 m u Viewfinder Panoramas' DEM; cnmenansl mompaBku Ha
pPacTUTENBHOCTh (epeBbs) M0 cHUMKaM Landsat-8 (copmupoBaHHbIE TPOEKTOM
Hansen Global Climate Change [32]), naHHBIe pa3HBIX HCTOYHHUKOB IIO
ruaporpadbun (G3WBM, GSWO, OpenStreetMap, HydrolK). HabGop manHBIX
MERIT Hydro — sto «ruaposorudecku cKoppekTupoBanHbii» penbed [20]. Tlo
[IMP MERIT Hydro Mo0OXHO B aBTOMaTH4YeCKOM pEXUME IOJIy4aTh
THIPOJIOTHYECKHE BEKTOPHBIC KapThl 0aCCEHOB M OTOKOB [21].

Koneunslii mpoaykT ummeer paspemieHue 3 yriaoBbix cekyHIel (90 M Ha
sKBaTope, okojo 60 M Ha mupore KpacHosipcka) B ri1o0aibHOM Maciitade, B TOM
yucie ceBepHee 60 mapaiuienu, B oTinuKe oT JaHHbIX SRTM.

Hudposas monens pensedpa MERIT DEM pacnpoctpansiercss ¢ caifta
MERIT Hydro: global hydrography datasets [20. Jlns BbImosHEHHS TOCTPOCHUS
OacceliHOB wucmosb3ytoTes daitnbel tuna «Adjusted Elevationy. MuHuMaibHBIN
OXBaT TEPPUTOPUU — S5X5 TpanycoB. JlaHHBIE NPEACTaBIEHBI B CHCTEME
reorpaduueckux koopauHat WGS84 B dhopmare tif.

2.2 lannbie SHuttle Elevation Derivatives at multiple Scales
(HydroSHEDS)

I'maponornueckne nanHblie u  Kaptel HyYdroSHEDS, ocHoBanHbIe Ha
udpoBoit momenu penbepa SRTM st pemenus ruaporpadudeckux 3azaad,
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IPECTaBISIIOT COOOM HECKOJIIbKO HAOOPOB pa3HbIX TEMAaTHMYECKUX HAIMpaBJICHHIH,
OTAMYAIONMXCs (opMaTaMU MPEIOCTABISAEMBIX JaHHBIX. JTO KapTorpaduieckue
IPOAYKTHI TTI00AIBHOTO U PETHOHAIBHOTO YPOBHEH B COTIaCOBaHHOM (opmare B
BEKTOPHBIX M PACTPOBBIX MOJENSIX JAHHBIX, BKJIIOYas PEYHYIO CETh, TPAHUIIBI
OacceifHOB, HaIlpaBlIeHHE JPEHAKHOTO CTOKA, U aKKyMYJISALIUS CTOKA.

2.2.1 lannnie GloRIC

Hannapie GIORIC (Global River Classification) comepxxar madopmanuio o
pekax B riiobanbHOM oxBate [22]. ATpuOyTHBHAs TaOJMIa CIIOS MPEICTaBlIeHa Ha
pucyske 6. ATpuOyThl — 3T0 HHGOPMAIUS O THAPOJIOTUYECKUX, KINMATUIECKUX H
reoMOp(OIOrHUeCcKUX MapaMeTpax Mo pekam, KiacCU(PHUKAIUsI KOTOPBIX MO 3TUM
napaMmerpaMm coctapisier 127 knaccoB. BbIlOMHEHAa TakkKe CTaTUCTUYECKas
IPYIIIUPOBKA PEYHBIX y4acTKOB MeromoM k-cpemnmx Ha 30 kiacrepoB. HaGop
JTAHHBIX BKIIOYAET B c€0s1 8,5 MIIH. pEYHBIX YYaCTKOB OOIIIEH MPOTSKEHHOCTHIO 35,9
MIH. kM [20].

Tablel, Attribute table of GIORIC river reach file. See Ouellet Dalloire et of, (2018) for more details,
Column Description

Reach_ D Unigue identdier (1D) for every river reach
Note, the first digit identifies the region/continent: 1: Africa; 2: Europe; 3: Siberia; 4: Asio; 5: Austrobo &
Oceonlo; 6 South Ameria, 7. North Americo, 8: Americon Arctic; 8. Greenlond

Next_down 1D of mext downstream tiver reach
Note: the next downstream 1D con be used 20 troce the river netwark by novigoting from reach to recch
Volues of 0 indicote reaches with no further domnstreom connection (powr points)

Length_km  Length of individual river reach [om|
Ooto source: MydroSHEDS (Lehner et ol 2008)

log Q_avg  Log-10 of long-term average discharge [m'/sec)
Data sources: WoterGAP (DS et ol 2003) and HydroSHEDS (Lehner et ol 2008)
Long-term overoge of monthly dischavpe is avaladle for olf reoches of the HydroSHEDS river network ot
500 m resolution. WaterGAP dota wos spatiolly downscoled from its oniginal 0.5 degree pixel resolution
(50 km ot the equotor) to the 15 arc-second (~500 m) resolution of the globol HydroSHEDS river
network (Lehner et of. 2008) wsing geo-stotisticol opprooches (Lehner & G 2013).

Llog_O_var Log-10 of flow regime variabiiy [-]
Dota sources: WoterGAP (Dol et ol 2005) and MydroSHEDS (Lehner et ol 2008)
Colewloted os g long-term P thly discharge / long-term overoge discharge”. See
explanations of Log_Q_avyg for more detalls on discharge doto.

Class_hyde Classes of hydrologic sub-classfication (15 classes; see provided Exced file for legend)

Temp_min Long-term average of the minimum air termperature of the coldest month [degrees Celsius)
Deto source: WorkiChim (Hgmans et of. 2005)
WorldChim provides dota in grid formot of 30 arc-second resolution (oppvox. 1 km x 1 km of equater)

CMI_indx Chmate moistuee index |-
Deto sources: Global-PET (Trobueco and Zomer 2009) and WorkdClim (Himaons et ol 2005)
The OMI wos cokeuloted ot 30 arc-second resolution os (precipitation/potential evopotronspiration)-1°
wsing the mean onnuol potentiof evopotranspiration from the Global-PET dotasets and meon onnual
precipitation from WeovidClim

Log_elev Log-10 of average elevation of the reach [meters a5l )
Dato sources: SRTM (Forr et ol. 2007) and HydroSHEDS (tehner et of. 2008)

Class_phys Classes of physio-climatic seb-classification (24 closses, see provided Excel file for legend)

Lake_wet Lake or wetland influence [binary: 0 = no; § = yes]
Dota sources. Glodol Lokes and Wetlonds Dotabase GLWD (Lehner ond DOUl 2004)
Loke-wetiond influence wos cokculoted as & Sinavy index where recches thot were kocated partly or
totoly inside o wethond zone from GLWD would get o volue of one. We used off of the closses from
GLWD a3 wetlond indicators, which include lorge lokes

Stream_pow  Total stream power [kW/m’)
Doto sources: MydroSHEDS (Lehner et ol. 2008), WoterGAP (Dol et ol 2003) and SRTM (Farr et of 2007)
Totol streom power was colculated os ‘water density [kg/m’] x grovitational accelerotion [m/s’] x
Jischorge [m' /3] x steearm grodient [m/m]’; with streom grodient cokuloted os the maximum minus the
averoge elevation of the reach, divided by the length of the recch

Class_geom  Classes of geomorphic sub-classification (127 closses; see provided Excel file for legend)

Reach_type  Combined river reach type (4 closses, see provided Excel file for legend)

Kmeans_30  Classes of k-means statistical clustering (30 closses, no associoted nomes)

Pucynok 6 — AtpubytuBHas tabnmna ganabix GIORiIC
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B momsix Class_hydr, Class_phys, Class_indx, Class_geom comeps;xaTcst KObl
KJIACTEPOB, B KOTOPHIE MOMNAaeT KaXKIbli y4acTOK peku. bacceinsl 1 ypoBHS — 3TO

Bcs Tepputopusi Cudupu.
Ha pucynkax 7 — 8 moka3zaHbl NMpUMeEpbl BEKTOPHBIX JAaHHBIX B Pa3HbIX

MIPOCTPAHCTBEHHBIX MacIITadax.

Pucynox 7 — Crnoit pek, uBetoBas auddepeHIanus mo napamerpy
«'maponoruyeckuii kiaacey, B ieHTpe p. Kedex, 3anaaubiii CasH

Pucynox 8 — bacceitnpl ABEHAAIIATOTO YPOBHS

[lepBblii  ypoBeHb MPEJCTABIECH CaMbIMU OOJBIIMMHM MO IUIOHIAAH
OaccelfHaMu KpyIHBIX pek. bornee npoOHOe neneHne 6acCeHOB OCYIIECTBISIETCS
JUIsl TIPUTOKOB TEPBOTO, BTOPOro W T.J. MOpsKoB. Ha HekoTopwie TeppuTOpUU
neneHue 10 12 ypoBHs 6acCeifHOB HE BBITIOJIHEHO (HampuMep, Ha 4acTh 3araHOro
Casna).
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2.2.2 lannbie HydroATLAS

Kommnonent HydroATLAS pganusix HydroSHEDS coaepxut riobanbHyio
THIPO-3KOJIOTUYECKYI0 HH(OpMaIuio 0 pekax M BOJOCOOpHBIX OacceiHax c
MPOCTPAHCTBEHHBIM pa3penieHueM 15 CceKkyHI, COOpaHHYyI0 U3 HECKOJIbKUX
rio0anpHbIX 0aHKOB HaHHbIX. Habop HYdroATLAS coctouT u3 aByx 0a3 JaHHBIX:
BasinATLAS (mosmuronsr) u RiverATLAS (suuun).

baza mamneix HydroATLAS mpemnaraer atpuOyThl, CrpyNIApOBaHHBIC B
CeMb KaTeropuii: ruaposiorus; ¢pusuorpadus; kimmmart; land use/ land cover; mouss
¥ T€OJIOTHSI; aHTPOIIOT'CHHBIC Bo3aelicTBrs. B cBoeli mepBoii Bepcuu HydroATLAS
COJIEPKUT 56 TUAPOIKOIIOTMYECKUX TEPEMEHHBIX, pa3Ae/ICHHbIX Ha 281 OTHeNbHbII
aTpuOyT [23]. Ha pucynke 9 nmpuBeeH ciucok moJiei aTpuOyTUBHOM TaOmuibl. [{ns
KQKJIOTO IyHKTA CYMIECTBYET paciudpoBKa 3HAUYCHUH, U KAXKIBIA TyHKT COACPKUT
3—4 noutst ¢ Gosiee AeTanbHON MHMDOPMALIUECH.

B nabope BKiII0YeHBI TaKUE aTPUOYThI, HEOOXOIUMBIE JJIsl UCCIIEIOBAHUS, KaK
JIECHOE TOKPBITHE, TOBEPXHOCTHBIM CTOK, TeMIepaTypbl (CpeaHeroonas,
MUHUMAJIbHass M MaKCHUMallbHas, CpeAHEMEcsyHas); KOJIMYECTBO OCAJKOB
CPEIHEroJI0BOC U cpeaHeMecssaHoe u3 6a3bl qaHHbix WorldClim v1.4 [24].

Hpyrue aTpuOyThl MPEACTABISAIOT PA3HOIUIAHOBYIO MH(GOPMAIIHMIO, BKIIIOYAS
KOJIMYECTBO HACENIEHUs, KJIACCHI M0 CBEXKEN BOJIE U TIp.

Jlecuctocth o manHbiM BasinATLAS mpencraBieHa Kak XapaKkTepUCTHKA
KaXJI0ro OacceiiHa KaXXJ0ro W3 JBEHAAIaTH YpOBHEW — aTpuOyThl Tuma Forest
Cover Extent: for_pc_sse m for_pc_uSe - HmpoOLEHT IUIOIIAIH, 3aHATOH JiecaMu
(mepBble BOCEMb KJIAcCOB pacTUTenbHOCTH B Kiaccudukamumum GLC2000) B
OacceliHe Wir BOJOCOOPHOM IJIOIIAN COOTBETCTBEHHO.

JlaHHbIE 110 KIIMMATy B aTpUOYyTUBHBIX TaOIHIIaX 0OBEKTOB BKIIOYAIOT:

— MOTEHUHMANbHYIO 3BamoTpaHcrnupanuio Potential  Evapotranspiration
(Global-PET, pet._ mm);

— peanbHyIo 3Banotpancnupanuto Actual Evapotranspiration (Global Soil-
Water Balance, aet. mm_);

— robanbHbIi nHAeke 3acynumBoctu Global Aridity Index (Global Aridity
Index, ari_ix_);

— kmumaTuaeckuii naaexc Biaakuoctu Climate Moisture Index (WorldClim &
Global-PET, cmi_ix_);

— Jnonisi TOKpeITUsi CHEkHBIM TokpoBoM Climate Snow Cover Extent
(MODIS/Aqua, snw_pc ).

Jpyrue atpuOyThl MPEACTABISIOT PA3HOIUIAHOBYIO MHGOPMAITUIO, BKITFOUYAs
KOJIMYECTBO HACEJICHHUSI, KJIACCHI IO KA4eCTBY BOJIBI U TIP.
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BasinATLAS Attributes (version 1.0)

(click hyperlinked ID to jump to individual information sheet)

ID Category  Attribute Source Data Citation Column{s) Count
il Hyerolopy Maturnl Descranpe WIerGAP v1 2 D&l et ol 2003 is_m3_— 3
EEOd. yorokogy Land Swrfsce Runoff WaterGAP v2 2 Dolet ol 2008 run_mm_— xl
w3, Hyorokogy Irundation Extent GIEMS-D15 Fluet-Chowsinard et al. 2015 inu_pe_= wh
b ryoroiogy Lirnnicity [Pencent Lake Area) HydrolAKES Messager et al. 2018 b _pe_— 2
LGy Hydroiogy Ll ok Hy Sl AKES Messager e al. 2016 Wy _me_— ul
ki ryorology Recervoir Volume GRanD vl 1 Lehner et ol 2011 e _me_— ul
By  Hyrokopy Degres of Reguiaton HydreSHEDS B GRanD Lewaer ot ol 2011 o _pe_— ul
kOB,  Herciogy River Aied HyaraSHEDS & WisterGAP  Lefner B Grill 2013 fia_ha_— n2
iy yoroiogy Rerver Violume HydroSHEDS & WaterGAP  Lehner & Gril 2003 riv_tg_— ud
Sl eoiogy Groundwater Tatie Degth Global Groundhwater Mag  Fan et al. 2003 ge_om_— 1
<P,  Prvography Elevation Earth rre-DiE R Robinson ef al. 2014 whe_mij_r= wd
wPle Pryuography  Terrmn Sope EnmhErre-DEMS0 Robinson et sl 2014 sip_og — ul
BBy Pysiography  Stresm Gradeent Earthi rre-DEMERD Robinson et al. 2014 _oik_— ul
Wbl Chrate Chmate Tones GEnS Metzger et sl 1013 dir_gi_= ul
S0dy Cemate CEmate Sats GEns Metoper ot 6l 2018 o5 el — i
sl Cemate Air TEmpErEtae WorldClim v1 4 Higmaes & Bl 2005 tmg_ok_— ul6
wlidy Cwnate Preopitation WorldClim vl 4 Hiprars et ol 2005 pre_mem_— nld
elSe Cemate Potertial Evapotranspirgtion Global-FET Zomer et sl 2008 pet_mm_-— uld
WlDR, Cwmate Actual Evapotrandgiration Global Scil-Weter Balance  Trabuces & Zomer 2010 BEt_u_-— uld
Ry Cemate Glotal Arkdey Ingex Gilgbal Aridity Indes Zomer et ol J008 ai_i_ K2
WlDRy CEmae Chmate Moisture Index WorldCOim & Clobgt PET  Hijmans o2 0l 2005 £rmi_j_— uld
Dy Cemate Snce Cowver Extent MAODHS Agua Hall & Rigps 1016 SP_pC,_ 15
whlly  Lenocover Land Cover Classes GLCX00 Bamholoms B Bebward 2005 gie_el_— ul
By Landoover Land Cover Extent GLLHO00 Bartholomé & Betweard 2005  gic_pc_— Py
whliy Landcover Poterial Natursl Vegeration CDlaaser  EnmhSeat Famanicutty & Foley 1959 prwy_el_== xl
EhMe Lsndcowver Potertial Natursl Vegetation Extert  Earthitat Fsmankutty & Foley 1999 pw_pe_— (L)
EliSe Lenccover Wesland Clirsses GLWD Letwner B Dol 2004 wet_d_— ul
iy Landcover Wetiand Extend GLWD Letner £ Dol 004 wet_pt_— {FF]
Bl  Lendooeer Forest Cover Extent GLE0O0 Buprnholoend £ Befvard 1005 for_pr_— ul
plily Lendcover Cropland Extent Emthitat Bananioutty et 8l 2008 £rp_pt_— u2
Bl  Lancoover Pasture Extern EmmhSta Epnanicutty et al. 2008 p_pg_=— u}
whdly  enocowe Irrigated res Extent (Equipped) HID LD Sigbart ot 8l 2015 == 2
By Landoover Glacker Extent GLIMS GLINES & NSIDC 3012 gh_pc_— u2
whldy  Lenocowr Perrptross Extens P Gruber 2002 pem_pe_— u2
whlde Lengoover Protected Area Extent WORA IUCN & UMER-WOMC 2014 pac_pc_— K2
ElMy  Lendcover Terrestrial Biomes TECW Dineeratein et al. 2017 thi_gl_— ul
BliSs Landcower Terrestrial Ecoregions TEOW Dinerstein et al, 2017 e _ol_— ul
sl Lanocover Frieshventer Major Hatat Tyoed FECOW Al et 8l 008 terin_el_— ul
plils Llandcover Freshwater Econegions FEOW Abell ot al. 2008 fex_cl_== xl
EElle Sois & Geslogy  Clay Fraction in Soil SoiGrics 1ikm Hengl et al. 2018 thy_pe_— 2
EERs Sods B Geology  Si Fraction in ol SoiGrids Liom Hengl et al. 2014 - il
el 5o & Geoiogy  Sand Fracton in Sod SexbGricit 1iem Hengl &1 al. 2014 ared_pe_— u2
iy Sous & Gepiogy  Ogansc Carbon Cortent in Sod Sorics Jiom Hengl et al. 2014 50C_1h_— LF
elle Sodi B Geolngy 5ol 'Water Contern Giobal Soal-Water Balence  Trabuoo & Zomer 2010 St_pit_— uld
wlbi. Sous b Geology  Litholoposl Classes GLIM Hartmann & Moosdorf 2012 n_d_— xl
il  Goeis BGeoingy  Kargn Ared Extens R CuAcrops v3 .0 Willigens & Ford 2006 b g - L]
aSbly 5o & Geolopy  Soi Ercsion GlabEM v1.2 Borrelli et al. 2017 ero_kh_— 2
wMlly Archropopersl  PODulaton Doung G v CHESM 2016 pop_CT_-= L ¥
WM0R. Anthropogeric  Populstion Demsity GPW v CHESIN 2016 pod_pk_— n2
w3y Archropogersc  Urban Extent GHS 5800 v1.0 (2018 Pesaresi & Freine 2016 urty_pa_= ud
oA  Archropogers:  Naghttene Lights Nghttime Lights vé Dcll 2008 ll_iby_— n2
whSy Arhicpogenic  Road Density GRIF i Meijer et al. 2018 rod_mik_-— L¥]
ohf. Arthropopers:  Human Footonm Hurman Focrpring vl Venter et 8 2016 héy_i_— wd
whMlly Arthropogersc  Global Administratiee Areas GADM w20 Uriversity of Berieley 2012 gad_id_— ui
il Anhropoperel  Grodd Dormedti Prodect GDP PP W2 Kt ¢4 8l 2018 Pdp_wd_— =3
iy Archropogersc  Human Development index O w2 Kusmira et ol 2018 hall_ix_— xl

Total Variables: 56 Attributes: 381

Pucynox 10 — Crircok arpuOyTOB MOJIUTOHAIIBHOTO CJI0SI BOJIOCOOPHBIX OacCeitHOB

Cronbenr Count moka3pIBaeT, CKOJBKO TOJEH TMPEACTaBIAIOT OoJee
JeTaTbHYI0 HHPOPMALIUIO TI0 KaXKIOMY IapaMeTpy.

2.3 KapThl pacTUTEJILHOTO MOKPOBA

Jl7is aHanm3a pacTUTENBHOCTH 0acCEHHOB MCIIOIB30BAaHBI ITU(PPOBBIE KaPThHI
pacTuTensHOTO MOKpoBa Poccuu u rmodanbHbie KapThl PAaCTUTEIHHOCTH.

Kapra pacturensHoro mnokpoa P® mnocTtpoeHa crenuain3upoBaHHBIMU
Meromamu kiaccudukanuu B MHCTHTYTE KOCMUYeckux uccneaoBanuii PAH [25,
26]. Kapra npencraBnena B pacTpoBoM Gopmarte, IpOCTPAHCTBEHHOE pa3peIieHue
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230 M, comepxut 31 knacc TMHoB mnoBepxHocTh. Ha pucynke 11 mnpusenex
dbparMeHT KapThl PACTUTEILHOCTH HA TEPPUTOPHH TPEX PEUYHBIX OacceiHOB
neHtpanbHoM yactu KpacHosipckoro kpast — Kauu, Manoro Kemuyra u by3uma.

Hcnonp3oBancs Take npoaykr MCDI12 w3 mpomyktoB MODIS [27] —
rimobanpHas KapTa pacTUTEIHHOTO MOKPOBa MO Kiaccupukanmu MexayHapo HOH
reocdepHo-o6nochepHoit nporpammel IGBP, koTopas exeroaHo co3iaercs Kak 1o
kocmuueckuM canMkaM MODIS 3a rog.

S

Kapra pactuten '

Pucynoxk 11 — ®parmeHT KapThl pactutenbHocT Poccuu

DJIeMEHTBHI JIETeH IbI.

1 BeuHo3eneHnble TeMHOXBOMHBIE jieca (€JI0Bbl€, TUXTOBBIE, KEPOBBIE) C
MIPOEKTUBHBIM MOKPHITHEM HE MeHee 80% B cocTaBe;

2 BeuHo3eneHble CBETIIOXBOMHBIE Jieca (COCHOBBIE) C MPOEKTUBHBIM
nokpeITHeM He MeHee 80%;

3  JluctBennble 7eca (Oepe30BbIC, OCHHOBBIC) W JPYTHE JMCTBEHHBIE
MOPOJIbI C IPOEKTUBHBIM MOKPbITHEM HE MeHee 80%;

10  Cwmemannbie XBOWHO-THCTBeHHBIE jeca ¢ 60%-80% mpOeKTUBHOTO
NOKpbITUS XBOUHBIX U 20% — 40% IUCTBEHHBIX MTOPOL;

11  Cwmemansble Jieca ¢ IPUMEPHO OJJMHAKOBBIM MPUCYTCTBUEM XBOMHBIX
Y JTUCTBEHHBIX 1TOpoJ1 — oT 40% 110 60%;
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12 CmemanHble JHMCTBEHHO-XBOMHBIE jeca ¢ 60%-80% mpoekTUBHOTO
NOKpbITUS TUCTBEHHBIX U 20% — 40% XBOWHBIX MTOPOL;

4 JIucTBEHHUYHBIE JIeca C MPOEKTUBHBIM MOKpbITUEM HE MeHee 80% B
COCTaBe;

23  JIUCTBEHHUYHBIC PEIKOJICChHS;

8 Bnaxuble TpaBsiHble COOOIIECTBA C MPUCYTCTBUEM Jieca WIU

KycTapHUKOB He 6ojee 20% MpOoeKTUBHOTO MOKPHITHS,
6, 7,21, 22 boora;
33 CenbCKOXO3SMCTBEHHBIEC YTObS;
32  Cuer u nen;
13, 190TKpbITHIC TTOYBBI U KAMEHUCTBIC IOBEPXHOCTH;
20  BojaHble TOBEPXHOCTH;
31  3acrtpoiiku (HaceJeHHbIE MyHKTHI, JOPOTH)

Ha pucynke 12 mpencraBiieHa KapTa pacTUTEIBHOCTH MO KJIACCHU(PUKAIIMU
MesxayHapoaHoit reochepHo-ouochepnoit nporpammsl (IGBP) B nmpenesnax Toit xe
TeppUTOpHH, 4TO U Ha pucyHke 11. Kapra mosydeHa u3 mepBoro ciosi mpoJyKkra
MODIS MCD12, 2019 rog.

. e
Kapra pacrtutensHocTn no kaaccupuraunn IGBP iy

Pucynox 12 — Kapra pacturensHoctu no kinaccudukanuu IGBP, 2019 rox

Jlerenma kapThl MPUBEICHA B IIEPBOM CTOJIOIE TaOJIUIIBI Ha pucyHKe 13.
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‘Land Cover Types Description (1 through 4 classification schemes)

Class IGBP (Type 1) UMD (Type 2) LAINPAR (Type 3) NPP (Type 4)

Pucynox 13 — Jlerenaa kapT noACTHIIAIONICH moBepxHOCTH B mpoaykre MCD12

B atoMm citydae kiacchl sBIsitoTCs 00J1ee TeHEpaIM30BaHHBIMM, YeM Ha KapTe
pacturenbHoCcTH Poccum.

2.4 JlanHble 1o 3BanoTpancnupanum B npoaykre MOD16

Jlanueie 00 9BamorpaHcrnupanud B Habope HydroSheds sBustorcs
aTpubyTamMu OacceilHa U MPOCTPAHCTBEHHO AUGPDEPESHIIMPYIOTCS U YTOUHSIIOTCS
Ipu nepexojie K dacceliHaM 0oJiee BHICOKOTO YPOBHS BJIIOKEHHOCTH.

bonee  neranpHble B NPOCTPAHCTBEHHOM  CMBICIE  JaHHbIE 00
sBanoTpancnupanuu coaepxkarcs B npoaykre MOD16. Jlannsie GpopmupyroTcs ¢
BPEMEHHBIM MHTEpPBAJIOM 8§ JIHEH, COJEep»KaT MECSUHbIE WU TOJOBbIE 3HAUYCHUS:
CyMMa 3BalioTPaHCIHPAIUH 332 COOTBETCTBYIOLIUI BPEMEHHOI EPHO/I.

[TpoaykTr MOD16 MOD16A2GF.006 DBanoTpaHcnupanus
pacnpocTpaHsieTcsl OTAEIbHBIMU clieHaMmu ¢ paspemtenueM 500 m B hpopmate HDF-
EOS. [lannble comepxaT MATh CJI0EB JAHHBIX CPEIHUX WM CyMMAapHbIX 3HAUCHUN
3a BOCEMb MOCJE10BaTENIbHbIX JHEH:
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— TOTEHIMAaJIbHAS BANOTPaHCIIUPALIUS;

— pealibHas BANOTPAHCIIUPALIHS;

— MOTEHIIMAJIbHBIN TTOTOK TEILIa;

— pealbHbII MOTOK TeIIa,

— CJIOM KauecTBa JAHHBIX.

Jlanabsie  gocTynHbl clieHamu  pasmepoMm  2400x2400 nukceneid B
CUHYCOUJAIBHOU MpoeKiuu. B paboTe HCMOIb30BalCAs TOJIBKO CIIOM peanbHOM
ABANOTPAHCIIUPALIIH.

2.5 Jlannble o rapsx B npoaykrte MOD16

OO0bennHeHABIN TPOAYKT NaHHBIX Terra m Aqua MCD64A1 Version 6 Burned
Area - 310 exxXeMeCSUHbI NPOAYKT C II00adbHOM CETKOW C MPOCTPaHCTBEHHBIM
paspemieHueM 500 METpOB, coaep Kalluil MOMUKCENbHbIE JaHHBIE O TEPPUTOPUHU
rapei 1 uHQOpMaIIMIO O KaueCTBE M HaIeX)KHOCTH AaHHBIX. B nmponykre MCD64A1
JUIs. KapTUPOBAHMS BBIFOPEBUIMX IUIOHIaJ el ucnoib3ytorcs cHuMku MODIS ¢
IPOCTPAHCTBEHHBIM pasperieHneM 500 M U JaHHBIE 00 AKTUBHOM TOPEHUU C
paspenieHueM | kM. AITOPUTM HUCIIOJIB3YET CHIEUANbHbBIN BEreTallMOHHbBIN HHIEKC
JUISL CO3JaHUS JUHAMMYECKHUX IOPOTrOBBIX 3HAYEHHMM, KOTOpbIE MPUMEHSIOTCA K
COCTaBHBIM JJaHHBIM Ha OCHOBE JJAaHHBIX IATOr0 U ceapMoro kanaioB MODIS nocne
aTMOC(epHON KOppeKuuu. AJroput™m onpenenser aary ropenus mia S500-
METPOBBIX SYEEK CETKU B KaXJA0M oTaesbHOM Taisie MODIS.

YPpOBHHU TaHHBIX, IpeAcTaBiIeHHbIE B poaykte MCD64A 1, BKiIrO4aroT ciion
C JlaTOM TOSBJICHHWS TapH, HEOMPEACIEHHOCTh OIICHKH, YPOBEHb KauecTBa,
COOCTBEHHO JJaHHBIE — 3TO HOMEP JHS, B KOTOPBIH MOSIBUIIACH Taphb.

Jauasie MCD64 ucriosib30Bauch TOJIbKO B 001auHOM cpene EarthEngine.

2.6 lannbie o kaumate ERAS

B paboTe wucmonp30BaNMCh JdaHHBIE O KiIuUMarte, JOCTYIHBIE Ha CepBepe
Google Earth Engine [5]. Ha mepBoM 3Tame ObLI MPOBEACH MPOCMOTP TOCTYITHBIX
JIAHHBIX JIJIs1 BBIOOpA HHTEPECYIONMX HAOOPOB TaHHBIX.

2.6.1 ba3a nannsix ERA5-Land monthly averaged - ECMWEF climate
reanalysis

JlaHHbIE OXBaATHIBAIOT BpEMEHHOM MHTEpBa ¢ siHBapsa 1981 r. mo nekadbpb
2020 r. IIpoctpanctBennoe pazpemenue 0,1 rpagyca.

ERAS5-Land — o510 HaOop JmaHHBIX peaHaau3a, 00eCICUYMBAIOIIMN
COTJIACOBAHHOE MPEJCTABICHUE O IMHAMUKE MEPEMEHHBIX MO TEPPUTOPHUU CYIIU C
yIydIIeHHBIM paspemnicHrueM 1o cpaBHeHuio ¢ ERAS. ERA5-Land 6but co3man
MyTEM BOCIHPOU3BEACHUS HA3EMHOTO KOMIIOHEHTa peaHanu3a kiaumara ERAS
ECMWEF. Peananu3 oObenuHseT JaHHBIE MOJIEH C HAOTIOIEHUSMH CO BCETO MHPa
B T7100aJTEHO MOTHBIN M COTJIACOBAHHBIN HA0Op TAHHBIX C UCTIOIB30BAHIEM 3aKOHOB
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busuku. Peananu3 nmaetr maHHBIE, KOTOPHIE YXOIAT HA HECKOJIBKO JECATUIICTHM
Ha3aJ] W JAlOT TOYHOE ONMHUCAaHWE KIMMaTa MPONUIOTo. DTOT HAOOp JAaHHBIX
BKJIIOUYaeT Bce S0 mepeMeHHbIX, JocTyIHbIX Ha CDS.

JlaHHBIC SIBJISIOTCS IMOAMHOXECTBOM IOJIHOTO Habopa manubix ERA5-Land,
nojaBepruytoro nocuenyromieit oopadborke ECMWEF. Cpennemecsunbie 3HaYeHUs
ObUTM TIPEeIBApPUTEIBLHO PACCYUTAHBI, YTOOBI YIPOCTUTH pabOTy MHOTHUX
PUIOKEHUH, TPEOYIOIINX MPOCTOT0 U OBICTPOTO JOCTYTA K JaHHBIM, KOTa MOJIS C
JTAHHBIMH YaIle, 9eM MECSIIl, He TPEOYIOTCS.

Crnou gaHHbBIX NepeuncieHsl B Tabmuie B [Ipunoxenun A.

2.6.2 Ha6op nannbix GLDAS-2.1: Global Land Data Assimilation
System

Bpemennoit untepai ¢ saBapst 2000 r. mo aexadbpps 2020 r.

[Mposaiinep nanusix — NASA GES DISC (Goddard Earth Sciences Data and
Information Services Center) mpu NASA Goddard Space Flight Center. Pa3pemienue
0.25 rpanyca.

I'mobGanpHast cucTteMa accuMusiuu HazeMHbIX maHHbix (GLDAS, Global
Land Data Assimilation System) npruHUMaeT IPOAYKThI CIYTHUKOBBIX U HA3€MHBIX
HaOmoaeHuii. Mcmonw3yss mepenoBble  METOABl  MOJCIUPOBAHUS  3€MHOM
MOBEPXHOCTH ¥ ACCUMWJISAIUU JaHHBIX, TCHEPUPYIOTCS ONTHUMAIbHBIC OIS
COCTOSIHUM 36MHOM TOBEPXHOCTHU U IIOTOKOB.

GLDAS-2.1 sBisieTcs OTHUM U3 IBYX KOMIIOHEHTOB Habopa gaHHbIXx GLDAS
Bepcunn 2 (GLDAS-2), anamormyen motoky mpoayktoB GLDAS-1, ¢
MOJICpPHU3UPOBAHHBIMI MOJICIISIMH, BBI3BAaHHBIMA KOMOWHAIHMEH HAOOPOB JaHHBIX
GDAS, ne3arperupoBanabix GPCP u AGRMET.

MonenupoBanue GLDAS-2.1 navanocs 1 suBaps 2000 r. ¢ HCIOIB30BaHHEM
ycnoBuii monenupoBanust GLDAS-2.0. 3to monenupoBaHue ObIJI0O HHUITTUPOBAHO
HarnuoHansHBIM yIIpaBIeHHEM 10 HCCiIeq0BaHnI0 okeaHoB 1 atMochepsl (NOAA)
['mobanbHOM cuctembl ycBoenus paHHbIX (GDAS), 3arparuBaeTr jaesarpe-
TUPOBAaHHBIE W  arperupoBaHHbIE TONIA OcaakoB [oGanbHOrO  mpoekTa
knumatosioruun  ocankoB (GPCP), a Ttakke pagualldOHHBIX IIOJIed CHCTEMBI
AGRicultural METeorological Modeling (AGRMET) Arenrcrsa moroasi BBC
CIIIA, koropas crana goctynHoi ¢ 1 mapra 2001 rona.

Criou JaHHBIX MIEpEeUnCIieHbl B TabuIe 1.

2.6.3 ba3a nannsix ERAS5 Monthly aggregates - Latest climate
reanalysis produced by ECMWF / Copernicus Climate Change Service

Bpemennoii oxBat ¢ ssuBapst 1979 r. no urons 2020 r.

[Mposaiinep manusix ECMWF / Copernicus Climate Change Service.
Pazpemenue 0.25 rpanyca.

ERAS mpenocraBisieT arperdpoBaHHbBIE 3HAUYEHHUS 3a KaXKIBIM MecsI s
CEMU MMapaMeTpoB peaHannsa kinmata ERAS: temnepaTtypa Bo3ayxa Ha BbICOTE 2
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Tabnuna 1 — Onucanue cnoeB nanueix Habopa GLDAS-2.1

Exnnumna Munu- Makcu-
Umst Onucanue
H3MepeHus MYyM MYM
Albedo_inst % 4.99* 82.25* Albedo
AvgSurfT _inst K 187.48* 1323.35* Average surface skin temperature
Canoplnt_inst kg/m? 0* 0.5* Plant canopy surface water
ECanop_tavg W/m? 0* 1273.66* Canopy water evaporation
ESoil tavg W/m? 0* 2275.63* Direct evaporation from bare soil
Evap_tavg kg/m?/s 0* 0.002* Evapotranspiration
LWdown_f_tavg W/m? 26.85* 600.9* Downward long-wave radiation
flux
Lwnet_tavg W/m? -13792.7* | 196.97* Net long-wave radiation flux
PotEvap_tavg W/m? -227.75* 18977.9* Potential evaporation rate
Psurf f inst Pa 44063.1* 108344* Pressure
Qair_f_inst kg/kg -0.02* 0.07* Specific humidity
Qg_tavg W/m? -552.64* 1538.41* Heat flux
Qh_tavg W/m? -1005.15* | 18190.6* Sensible heat net flux
Qle tavg W/m? -227.75% 5072.25* Latent heat net flux
Qs_acc kg/m? 0* 170.93* Storm surface runoff
Qsh_acc kg/m? 0* 50.6* Baseflow-groundwater runoff
Qsm_acc kg/m? 0* 42.87* Snow melt
Rainf f tavg kg/m?/s 0* 0.01* Total precipitation rate
Rainf_tavg kg/m?/s 0* 0.01* Rain precipitation rate
RootMoist_inst kg/m? 2% 949.6* Root zone soil moisture
SWE _inst kg/m? 0* 120787* Snow depth water equivalent
SWdown_f_tavg W/m? -56.93* 30462.8* Downward short-wave radiation
flux
SnowDepth_inst m 0* 301.96* Snow depth
Snowf tavg kg/m?/s 0* 0.009* Snow precipitation rate
SoilMoi0_10cm_inst kg/m? 1.99* 47.59* Soil moisture
SoilMoil0_40cm_inst kg/m? 5.99* 142.8* Soil moisture
SoilMoi40_100cm_inst kg/m? 11.99* 285.6* Soil moisture
SoilM0i100 200cm_inst | kg/m? 20* 476%* Soil moisture
SoilTMPO_10cm_inst K 221.98* 377.5* Soil temperature
SoilTMP10 40cm_inst K 227.43* 319.44* Soil temperature
SoilTMP40_100cm_inst K 232.97* 316.2* Soil temperature
SoilTMP100 200cm inst | K 238.52* 314.11* Soil temperature
Swnet_tavg W/m? -48.96* 23741.3* Net short wave radiation flux
Tair_f inst K 206.8* 327.66* Air temperature
Tveg_tavg W/m? 0* 3455.14* Transpiration
Wind_f inst m/s 0* 57.7* Wind speed
* estimated min or max
value
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MeTpa, TeMIepaTypa TOYKH POCHI Ha BBICOTE 2 METpa, 00I1ee KOTMIECTBO OCAIKOB,
CpellHee JaBJeHUE Ha YPOBHE MOpsI, IPU3EMHOE JaBJICHUE, U-COCTABISAIONIAs BETpa
U V-COCTaBIIfIONIas BeTpa Ha BeicoTe 10-MeTpoB. EskemecsiuHble MUHUMAaIbHAS U
MaKcUMaJibHasi TeMIepaTypa Bo3/lyXa Ha BbICOTE 2 M ObUIM pacCUYMTaHbl HA OCHOBE
JAHHBIX O TEMIIEpaType BO3ayXa Ha BbicoTe 2 M 3a yac. CymMMa MeCSIYHBIX OCaJKOB
— CyMMa 3a Mecsll, OCTaJIbHbIE TTapaMETPhI MPEICTABICHBI KaK CPEAHEMECSUHBIE.

Jannsie ERAS nmoctynsel ¢ 1979 roma no Tpex MecsilieB OT TEKYIIETO
BPEMEHU B PEKUME PEATBHOTO BpeMeHH. J[OTTOTHUTENTbHYI0 HHPOPMAIIAIO U IPYTHE
napameTpbl atMochepsl ERAS MOXHO HallTH B XpaHWIMINE KIUMATHYCCKUX
nauHbeIx Copernicus.

Crnou TaHHBIX MTEPEYHNCIICHBI B Ta0MIIe 2.

[Ipumepbl HWCMONB30BaHUSA JAHHBIX K3 0a3bl KIMMATHYECKUX JIAHHBIX
peananu3a ERAS mpusenenst B [28-31]. OTmMedaeTcst BAXKHOCTh ATUX JaHHBIX Kak
JUISL TJIOOAQNbHBIX, TaK M PETHOHAIBHBIX HccleqoBaHuil. (OCOOEHHO Ba)XHO
MCII0JIb30BAHUE JIAHHBIX I 00JaCTeH, I/Ie€ HA3eMHBIX JAHHBIX HEIOCTATOYHO JIs
UCCJICIOBAHUM, TpEOYIOIIUX JOJITOBPEMEHHBIX PSAIOB  KIUMATUYECKUX U
THIPOJIOTHYECKUX HaOMoneHni. J[aHHbIE UCTIONIB3YIOTCA IS PEIICHUs Ba)KHBIX
MOHUTOPUHTOBBIX U MPOTHO3HBIX 33]1a4.

2.6.4 JlanHble 0 TUHAMNKE JIECHOT0 MOKPOBA

HaGop maHHBIX O JAMHAMHKE JIECHOTO TOKpoBa [32] COCTOMT W3 TaiIIOB
pasmepom 10x10 rpamycos. IIpocTpancTBeHHOE pa3pemieHue 1 cekyHaa Iyrw,
npumepHo 30 M Ha 3kBarope. B KaxmoM Taiine comepkKUTCs ceMb (ailioB ¢
0€33HaKOBBIMU 8-OMTHHIMH JaHHBIMU:

— NPOEKTUBHOE MOKPBITHE JpeBeCHOro nmokposa Ha 2000 roxa npeacTaBiacHbI
B (aitnie treecover2000 B Buje MpoOIEHTa MPOSKTUBHOTO MOKPHITUA. JlepeBbsiMu
CUMTAIOTCS PAaCTCHUS BBICOTOM BBIIIE S M;

— Global forest cover gain 2000-2012 (gain), nosiBiiecHHE JIGCHOT'O TIOKPOBA,
W3MEHCHHE THUIIAa MIOKPOBa C HEJIECHOTO Ha JICCHOM, 3HAaYeHUs KoaupyroTcs 1 (gain)
v 0 (no gain);

— Year of gross forest cover loss event (lossyear), ncuesHoBeHHE JICCHOTO
nokposa B iepuo ¢ 2000 o 2018 rox, 3HaueHUs nukceneid — 3to mmoo 0 B ciayyae
OTCYTCTBHUS U3MEHEHHMS JIECHOTO MOKPOBA, TMO0 3HaueHust 1—17, cooTBeTcTBYIOLIME
rojJly nepexo/ia TUIa NOBEPXHOCTH OT JIECHOTO K HEJIECHOMY,

— TIapaMeTphl KauecTBa JaHHBIX, MACKU BOJIHBIX TTOBEPXHOCTEH U TIp.
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Ta6nuna 2 — Onucanue cinoeB qaHHbIX Habopa ERAS

s Ennnnna Munn- Maxkcu- Ommcanme
H3MepeHus MYM MYM

mean_2m_air_temperature K 224 304 Average air temperature at 2m height
(monthly average)

minimum_2m_air_tempera K 213.1 298.9 Minimum air temperature at 2m height

ture (monthly minimum)

maximum_2m_air_temper K 233.8 314.3 Maximum air temperature at 2m height

ature (monthly maximum)

dewpoint_2m_temperature K 219.8 297.6 Dewpoint temperature at 2m height
(monthly average)

total _precipitation m 0 0.4 Total precipitation (monthly sums)

surface pressure Pa 65256.9 102427 Surface pressure (monthly average)

mean_sea_level_pressure Pa 98206.4 102943 Mean sea level pressure (monthly
average)

u_component_of wind_10 m s-1 -8.7 8.7 10m u-component of wind (monthly

m average)

v_component_of wind_10 ms-1 -6.8 6.8 10m v-component of wind (monthly

m average)

HaHHBIe Ooiee OPUCHTHPOBAHBI Ha PCHICHUC 3aJa4d IIPOTHO3HUPOBAHUA
IIOT'OJBbI.

2.7 Ucnosib3yeMoe porpaMMHoe obecrnedeHue
2.7.1 Ilporpammusblii npoaykt ArcGIS

ArcGIS — »to monHbli HabOp HMHCTPYMEHTOB M BO3MOXKHOCTEH Jis
kaprorpadbun u aHanu3a MecronosioxkeHus. ArcGIS MoxHO pa3BepHYTh Ha
JokanbHBIX KoMibioTepax (ArcGIS Pro), Ha ynajneHHBIX WU JOKAIBHBIX CEpBEpax
(ArcGIS Enterprise) win kak 00JladHyi0 cpeny Kak ycayra (SaaS), pa3MerieHHbIi
Ha Esri (ArcGIS Online) [33]. ArcGIS BkiIO4aer crenuaan3MpOBaHHBIC
MPWIOKEHUS JJI MPE0CTABICHNS] KOMIUIEKCHBIX PelIeHuid pa3Hbix 3a1ad. ArcGIS
TaK)K€ TMPEJOCTABISIET OOorarble WHCTPYMEHTHI pPa3paboOTKU MPOTPaMMHOTO
oOecrieueHusi Ui HACTPOWKM W CO3/aHMUsI COOCTBEHHBIX KapTOrpaduyuecKux
MPOAYKTOB U MPOCTPAHCTBEHHOTO aHAN3a. ArcGIS COCTOMT U3 YEThIPEX OCHOBHBIX
IIPOTPAMMHBIX YaCTEH:

— Mojenu reorpaduueckord WHGOPMAIMK I MOACIMPOBAHUS aCIEKTOB
peaNbHOTO MUPA;

— KOMIIOHEHTHI JIJIs1 XpaHEHUS U yIIpaBJICHHS reorpaduueckoil HHpOpMaIuen
B (paiinax u 0a3ax MaHHBIX;

— HabOp TOTOBBIX MPUIIOKCHHM TS CO3/IaHUS, peAKTUPOBAHUS, YIIPABJICHHUS,
KapTUPOBaHUS, aHAJIN3a U PACIIPOCTpaHeHUs reorpadudeckor nHpOpMaITny;

— Habop BeO-CEpBUCOB, KOTOPHIE MPEIOCTABISIOT KOHTEHT U BO3MOXKHOCTH
(manHbIe ¥ QYHKIIUN) CETEBBIM MPOTPAMMHBIM KIIMEHTAM.
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Yactu cuctemsl mporpaMmaoro ooecneuenust ArcGIS M0oxkHO pa3BepHYTh Ha
MOOMJIbHBIX YCTPOUCTBAX, TOPTATUBHBIX M HACTOJIBHBIX KOMIIBIOTEPAX U CEPBEPAX.
B nannoit pa6ote ArcGIS B HacTOIpHOM BapuaHTe MPUMEHSIIACH ISl IIOCTPOCHUS
TEMaTUYECKUX KapT.

2.7.2 Tlporpammublii npoaykt QGIS

Ceobognass 'UC ¢ otkpeiteiM komoM QGIS pasBuBaercs ¢ 2002 rona
COOOIIIECTBOM  CIEHMHUAIMCTOB IO TMPOCTPAHCTBEHHOMY AaHANW3y JIaHHBIX.
[IporpammHuas cpena MO3BOJIIET MPOCMATPUBATh W HAKIAIbIBaTh JAPYT Ha Jpyra
BEKTOPHBIE W PACTPOBBIC NAHHBIE B Pa3IUYHBIX (opMaTax W MPOCKIHUAX 0e3
npeoOpa3oBaHusi BO BHYTpeHHHI win oOmmid ¢opmar [34]. [NomnepxuBarorcs
CJIeyIOIe OCHOBHBIE (DOpMATHI:

— npocTtpaHcTBeHHbIe Tabmuibl PostgreSQL ¢ ucnonszoBanuem PostGIS,
BEKTOpHBIE (opMaThl, MOJACPKUBAEMble YCTaHOBIEHHOW Oubmmorexoit OGR,
Bkurovas shape-gaiinet ESRI, Maplnfo, SDTS (Spatial Data Transfer Standard) u
GML (Geography Markup Language) u ap.;

— ¢opmaThl pacTpoB U rpaduku, nojaaepxkuBaembie omommorexkoir GDAL
(Geospatial Data Abstraction Library), Takue, kak GeoTIFF, Erdas IMG, Arclnfo
ASCII Grid, JPEG, PNG u np.;

— 0a3pl naHHbIX Spatial ite;

— pacTpoBbliif 1 BekTopHbIN (hopmatel GRASS (061acTs/HabOp AaHHBIX).

B nmamnoii pabore QGIS mnpumeHssiace Uisi KOHBEpPTAIlMU JTaHHBIX,
MOCTPOEHUST 0ACCEHOB PEK, MO3aMK PACTPOBBIX JTAHHBIX, MACKHPOBAHUS JaHHBIX,
noctpoenus kapT (¢ moxyisimu GRASS).

2.7.3 Iporpamma Whitebox GAT

JIJist aBTOMaTHYECKOTO MOCTPOCHHSI KOMIIOHEHTOB THAPOJIOTUYECKON KapPThI
UCIIOJIB30BajI0Ch mporpaMMmuoe obecneuenue Whitebox GAT [35]. TIO Whitebox
GAT — »9TO0 OTKpbITOE TporpaMmHOe oOecreueHrue JJiss TPOJBUHYTOTO
reonpOCTPAHCTBEHHOT0 aHaM3a JaHHbIX. [ImaTtdopma pazpaborana nj1s anpodanuu
¥ Pa3BUTHS HOBBIX METOJIOB NIPOCTPAHCTBEHHOTO aHaIW3a, JJISl UCIIOJIb30BAHUS B
cpene oOyueHuss B oOmacth reomaTuku. PeammsoBanubie B Whitebox GAT
anropuT™mbl (HOpMUPOBAHUS 0ACCEUMHOB U BOJOCOOPHBIX TEPPUTOPUNA OTIMYAIOTCS
OT TeX, 4YTo peanu3zoBaHbl B mnpodeccuoHansHoM I1O ArcGIS, mnockonbKy
pealin30BaHbl MMOJTHOCTHIO B aBTOMAaTHYECKOM PEXHUME.

2.7.4 Odnaunas cpexa Google EarthEngine

Oo6naunas trardpopma Google Earth Engine [5] — sro mmatdopma mis
reONpPOCTPAHCTBEHHOIO aHalu3a JaHHBIX TJ00aJbHOrO Maciitaba, KoTopas
UCIIOJIb3YeT OTPOMHBIE BBIYMCIUTENbHBIE BO3MOXHOCTH (Google g pemeHus
COLIMAJIBbHBIX MPOOJIeM, BKJIIOYasl BHIPYOKY JIECOB, 3aCyXy, CTUXUIHBbIE O€ICTBUS,
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00J1€3HH, MPOIOBOJILCTBEHHYIO 0O€30MaCHOCTb, YIPABIECHUE BOJHBIMH PECypcamu,
MOHUTOPUHI KJIMMara, 3alluTa OKpyxkawmed cpeapl. OHa yHUKaldbHa Kak
WHTErpUpOBaHHAas MIaTgopMa, IpeIHa3HAuCHHAs JIs PacIIMPEHUs BO3MOKHOCTEM
HE TOJIBKO CIIEIIUATNCTOB, 3aHUMAOIINXCS AUCTAHIUOHHBIM 30HAUPOBAHUEM, HO U
ropazio 0Oojee IIMPOKOH ayIUTOPUHM, KOTOPOM HE XBAaTaeT TEXHUYECKUX
BO3MO>KHOCTEM, HEOOXOJUMBIX  JUISI ~ UCIOJIb30BAaHUSL  TPATUIIMOHHBIX
CYNEPKOMITBIOTEPOB WJIM KPYMHOMACIITAOHBIX PECYpPCOB OOJAUYHBIX BBIYMCICHUI
[6]. Earth Engine — BeruucimTeNnbHAs Cpeaa, TEONPOCTPAHCTBEHHBIA MPHUKIIAIHOM
nporpaMMHubiii  mHTepdeiic (JavaScript, Python, REST) wu wuHTepakTUBHBIN
NPUKIIAJHOW cepBep, padOTaIONIME C OTKPBITHIM KaTajJoroM JAaHHBIX (HECKOJIBKO
1eTabalToOB JIAHHBIX ).

Karanor pmammeix Earth Engine coxmepkut OOJbIIOE  XPAHHUIIHUIIE
OOIIETOCTYITHBIX HAaOOPOB T€OMPOCTPAHCTBEHHBIX JAHHBIX, BKIIOYas JaHHbBIE C
pPa3IMYHBIX CIYTHUKOBBIX M a’p0o(OTOCHEMOYHBIX CHUCTEM B ONTUYECKOM U
MUKpPOBOJIHOBOM JIMAIla30HE JUIMH BOJH, IEPEMEHHBIE OKpYXKaloLEHd Ccpensl,
IIPOTHO3bI IOTOABl M KJIMMaTa U PETPOCIEKTUBHBIE ITPOTHO3bI, PACTUTEIbHBIN
IOKPOB, TONOrpaUueckue U COLUUAIbHO-DKOHOMUYECKHE JaHHbC. JlaHHBIE
OpeIBapUTEIbHO MPeoOpa3yloTcs B TOTOBBIM K HCIOJIb30BaHHIO (opmar,
obecnieunBaromuil 3pGEKTUBHBIN TOCTYI U YIPABICHUE UMHU.

[Tonp30oBaTeny MOTYT IOJy4YaTb AOCTYIl M aHAJIM3WPOBATh JAHHBIC U3
0OLIEAOCTYTHOrO KaTaJlora, a TAK)Ke€ CBOM JIMYHBIE JAHHBIE, UCIIOJIb3Ys OMOINOTEKY
onepatopos, npeaoctanisiemyto API Earth Engine. OTu onepaTopbl peain3oBaHbl B
OOJBIION cUCTEME MapajlIeIbHON 00pabOTKH, KOTOPasi aBTOMAaTUYECKH Pa3eisieT
U pacnpenensieT BhIYUCICHUS, oOecrieunBas BO3MOXKHOCTH aHAJIU3a C BBICOKOH
nponyckHoi crnocoOHocThio. [lonb3oBarenu mnomywaror goctyn K APl uyepes
OMOMMOTEKY TOHKUX KJIMEHTOB WM Yepe3 MHTEPAKTUBHYIO BeO-cpey pa3padoTKH,
MMOCTPOCHHYIO Ha OCHOBE ATOM KIIMEHTCKON OMOIMOTEKH [6].

bosbmoit uaTEpEC M1 TUAPO-KIMMATUYECKUX UCCIIEI0BAHUN MTPEICTABIISIOT
0a3bl TaHHBIX METE0 M THJIPOJOTHYECKHX NaHHBIX, OOBEAMHSAIOIINE MaTepHallbl
HAOJIOJIEHNII Ha METEOCTaHIMSIX M pe3ysbTaThl peaHanusza. Kimmaruyeckue
MOJIEJIM T€HEPUPYIOT KaK JOJTOCPOYHBIE MPOTHO3bI KIIMMATA, TAK U HCTOPUYECKHE
WHTEPNOJSAUNA TpU3eMHbIX mnepeMeHHbix. Katamor Earth Engine Bkirouaer
ucropuueckue nanueie peanannsa u3 NCEP/NCAR, HaGopsl METEOPOTOTUYECKUX
JAHHBIX C KOOpAWHATHOM mnpuBsizkod, Takue kak NLDAS-2 u GridMET, u
BBIXOJHEIC JaHHBIC KIMMaTH4YecKux Mojeiier, takue kak MACAv2-METDATA
VYHuBepcutera Al]axo U YMEHbILICHHbIE KTMMaTuyeckue nporuo3sl NASA Earth
Exchange.
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3 Co31aHue TEMATHYECKUX KAPT MHOTOJIETHUX CPeIHUX KIMMATHYECKUX
U THIPOJIOTHYECKUX XapaKTepucTuK 0acceiiHoB pek KpacHosipckoro kpas

[TepBbIit STam UCCIeAOBAaHMS THIPOJIOTHYECKOTO PEKUMA PEUHBIX 0aCCEHHOB
COCTOSIT B pa3pab0TKe TEMAaTHYECKUX KapT UX KIIMMATHYSCKUX M THIPOJIOTHYSCKUX
XapaKTEPUCTHK B IIEJIOM IO 0acCeHy MO CPEeTHUM MHOTOJCTHHUM 3HAUCHUSM JUIS
OOIIIEro TPEACTAaBICHHUS O MPOCTPAHCTBCHHOM paCHpeleiCHUN  KIMMAaTo-
THIIPOJIOTHYECKNX mapameTpoB B KpacHospckom kpae. Mcmonbp3oBaiuch
CIICAYIOIINE JaHHBIC:

— ruaporpadudeckas b/l HydroATLAS;

—mudpoBas moaenb penbeda MERIT Hydro mis moctpoeHus 6acceiiHOB pek;

— KapTa pacturesnbHoct PO [25, 26];

— JIaHHBIC O IMHAMUKE JIECHOTO TIoKpoBa [32].

CocTaBieHBl KapThl KOMIIOHEHTOB BOJHOTO OamaHca 1o OacceliHam
(TTOBEpXHOCTHBIN CTOK, YBOTIOTPAHCIIMPALIHSI ), KAPThl KIIMMATHUYECKHUX [TapaMeTpPOB
(cpenHHE TEMIIEpaTyphl, KOJIMIECTBO OCAIKOB), KAPTHI pACTUTEILHOCTH 0ACCEHHOB,
KaK OJJHOTO U3 OCHOBHBIX (DaKTOPOB, ONPEACIISIONIUX BOAHBIN OaTaHC TEPPUTOPHIA.

3.1 TemaTnyeckoe cogepKaHue KapT

B Ilpunoxenun b noka3zanbl TEMATUYECKUE KAPTHI PACTUTEIBLHOTO IMMOKPOBA,
JIECUCTOCTU M TUJPOJIOTMYECKUX  XAPAKTEPUCTUK  PEUYHBIX  OacceilHOB
KpacHosipckoro kpasi.

Kapta pacTturenbHOro mokpoBa NOKa3bIBA€T TUI PACTUTEILHOCTH B IIpeenax
Kaxjaoro OacceiiHa Ha Tepputopuud KpacHosipckoro kpas, BKIIIOYasi MOPOJIHBIN
cocTas JiecoB. KapTa 1ecucTocTu npeicTaBisieT 3Ha4YE€HUE JIECUCTOCTH JIJIsl KaXKJI0TO
OacceiiHa ¥ MOKa3bIBAET MPOIICHT IUIOMIAH, 3aHATON Jecamu. O6e KapThl UMEIOT
kaprorpaduyeckyro npoekmnuo UTM 3ona 46 Ha chepoune WGS84. Maciitad kapt
1:11 250 000.

VYpoBeHb Maciitaba OacceiiHoB HydroAtlas BeiOpaH paBHBIM IATH IS
COOTBETCTBHSI C MAacIITa0OM BEKTOPHBIX ciioeB OSM.

Jlerenma KapThl TIOKA3bIBAET CIHUCOK KJIACCOB PACTUTEIBHOTO TOKPOBA,
KOTOpbIE 0TOOpaXkaroTcs B mpesenax Tepputopuu. OTneasHO BCTaBICHbI ONMUCAHUS
KJIACCOB, KaK 3TO CJICIIAHO Ha UCXOIHOM KapTe [25].

JlecuctocTh GacceiHOB Mpe/cTaBlieHa Kiaccuukalueil 3HaYeHU Ha AeCATh
ypoBHei ¢ marom 10% mnokaszatens. ['maporpadguueckue oObeKTbl MPEACTABICHBI
o3epamu kKaptel OSM wu pexkamu u3 BJ[ GIORIC v10. Peku otoOpanbl st
otoopaxenus o nojro Class_hydr co 3nadenusimu kmaccos 21, 22, 23; 31, 32, 33;
41,42, 43; 51, 52, 53 u crpynnupoBaHbl B U€ThIpE Kilacca ypoBHeH 2, 3,4 u 5. OtoT
YPOBEHb JIETATN3alUA COOTBETCTBYET YPOBHIO JACTAIM3AIIMHN TPAaHUI] OACCEHHOB.

Ha cnenyromeit kapTe TMOKa3aHbl XapakTEPUCTHKHA BOJHOTO PEXHUMaA
0acceiHOB: TO/IOBbIE MHOTOJICTHHE CPEIHHME 3HAYCHHUS CTOKa, 00bhemMa PYCIOBOTO
CTOKa, TUIyOMHBI 3aJieTaHusl TPYHTOBBIX BOJI, COJEPKAHMs BJIard B TIOYBE U JIOJIS
BEYHOMEP3JIOTHBIX TPYHTOB B TIpeleNiaX KaKIoro OacceiiHa. JTH mapaMeTphl B
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LIEJIOM OTPEAEISAIOT XapakTep GOPMUPOBAHUS CTOKA, €M0 CE30HHYIO U3MEHUYUBOCTh
U Ip. o8 Kaxaoro OacceilHa. BusyanbHoe comocTaBieHHE IapaMeETpOB
(opMUPOBaHUS THIPOJIOTUUECKOTO PEKUMA BHYTPU OACCEHHOB 1a€T BO3MOKHOCTb
OLICHUTh BKJAX KaxJI0l ocoOeHHocTu OacceilHa B (OpMUPOBAHUE CTOKA.
KapTtorpamMmMbl 1at0T BO3MOYHOCTb CIEJIaTh BBIBOJ O HAIWYMM KaK IIUPOTHBIX (B
COOTBETCTBUM C KIMMAaTHUYECKUMU 30HaMHU), TaK W JOJTOTHBIX pAa3IMYUil Ha
TeppuTopuu Kpas. [1aTe kapT nMeroT kaprorpadguueckyro npoekuno UTM 30Ha 46
Ha chepounie WGS84. Ha kaxoii kapTe XapaKTepUCTUKA MOKa3aHa C IeJICHHEM Ha
10 KkilaccoB METOAOM €CTECTBEHHBIX TIpaHul. MacmTad Kaxaod KapTbl
1:18 000 000.

Ha kapre knumartnueckux xapakrepuctuk (IIpunoxenue b) npencraBieHsl
CpeIHEMECsIUHbIe 3HA4YeHHs ABYX MapaMeTpoB BOJHOTrO OanaHca — OCAJAKOB U
HBAMIOTPAHCIMPALIAHY, A TAKKE TEMIEPATYPbl BO3AYyXa, KOTOPasi BO MHOIOM BJIUSIET
Ha BEJIMYMHY UCHapeHus BOJbl. /laHHBIE MPUBEAEHBI I MSTH MECSILEB TEIIOTO
Ce30Ha — ¢ Mag 1o ceHTs10pb. Macmtab kapt 1 : 25 000 000.

Takum o0Opa3zom, Ha KapTax MpencTaBiIeHO OoJbIIOEe pa3HooOpasue
HMIMPOTHBIX (30HATBHBIX ) PA3IUUUNA TUAPOIOTUYECKOTO PEKUMA PEUHBIX OACCEMHOB.
BusyanbpHblil aHaaM3 KapT MO3BOJIAET JIENaTh BBIBOABI O BIUSHUM PA3TUYHBIX
XapaKTEPUCTHUK PACTUTEIBHOCTH, JIECUCTOCTH, TEMIIEPATYPHI BO3LyXa U OCAKOB Ha
BEJIMYUHY CTOKA.

3.2 Pe3yJibTaThl 00pad0TKH M BU3YyAJIU3ALMSI JAHHBIX JHCTAHIIMOHHOTO
3onaupoBaHus npoaykra MOD16 3Banorpancnupanust

JUist  co3maHusi TEMAaTHYeCKOW KapThl H3BalOTPAaHCIMpAlUMU HAa  BCIO
TEPPUTOPUIO Kpasi JaHHbIE TpeOyrT OOJBIIOTO 00beMa MOATOTOBUTEIIHLHOM
oOpabotku. [IpenBaputenpHas 00paboTKa TaHHBIX BKJIIOYAIa CIEAYIOIINE dTaIlbI:

— cKauuBaHue cieH npoaykra 3a 2019 rom (BoceMb CIIEH, CO3JArOIIMX
NoKpbITHE TeppuTopun KpacHospckoro kpas);

— COCTaBJICHHE MO3AaMKHN HA TEPPUTOPHUIO Kpasi;

— BBIPE3aHUE MACKOW TEPPUTOPHUU Kaps;

— nepenpoerupoBanue B npoeknno UTM 30Ha 46.

JlaHHbIe HBAMOTPAHCIIUPAIIMU TIPEJCTABICHBl B €IMWHUIIAX KI/M?/§aHEN B
otauune ot pasmepHocTd B b/ BasinATLAS — MuITMMETpBHI.

Ha pucynke 14 npuBeaeHsl npuMepbl JaHHBIX.

BusyanbHblil aHaIM3 Pe3yJIbTATOB MpPEBAPUTEIBLHON 00pabOTKHM MOKa3al,
YTO ISl TEPPUTOpPUHM I0)KHOM uacThu KpacHosipckoro kpas AaHHBIE COAEpKaT
MOJIE3HYI0 MH(pOPMAIMIO ¢ Mas MO CEeHTAOph Mecsl. KauecTBO MaHHBIX CHUIIBHO
3aBUCHUT OT METEOPOJIOTUYECKUX YCIOBUN ChEMKHU.
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Pucynox 14 — KapTorpammsl 3BarnioTpancnupanui Ha ocHoBe JaHHex MOD16
JJist conocTaBieHUs TaHHbBIX ABANOTPAHCIUPALIMH U3 3TUX JIBYX HICTOUHUKOB

HEOOXOJMMO BBIIIOJIHUTH NEPECUET B E€AMHBIE PA3MEPHOCTH M YYECTh KaueCTBO
nanHbIx npoaykra MODIS.
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3.3 IlocTpoenue facceiiHOB peK 1JIs1 AHAIU3Aa TUHAMUKHU
KJIUMATHYECKHX M THAPOJIOTHYECKUX XaPaAKTePHCTHK

Ha cnemyromem mare uccieoBaHus MOCTPOCHBI 0aCCEHHBI TPEX HEOOBIIIX
pek neHTpanpHol yactu KpacHosipckoro kpas — Kaun, Manoro Kemuyra u byzuma
(pucynok 15). BwiOop pek 0O0yclOBIeH HEOOJBIIMMH pa3MepaMu OacCEHHOB,
PacCIoNOKEHUEM B OJTHON KIIMMATHYECKOW 30HE U X CMEXHBIMU rpaHunaMu. [Ipu
TOM pEUYHbIe OacCeHHBI CYIIECTBEHHO pa3IMYalOTCsd 10 PACTUTEIHLHOCTH U
Xapakrtepy penbeda. 3aada coCTosIa B BBIICTICHUH XapaKTEPUCTUK 0acCeHHOB U3
UMEIOINXCS KapTorpadUuecKnxX MAHHBIX O PACTHUTEILHOM MOKpOBE, MU(PPOBOi
mMonenn penbeda. Bece 3T0 mo3BossieT 00JEryuTh MHTEPHIPETAINI0 PE3YNIbTAaTOB
aHanMM3a KJIMMATHUKO-TUIPOJIOTUYECKUX JaHHBIX IS JTHX OacceHOB Ha
CIIEYIOIIIEM dTare UCCle0BaHus, Koraa nH(opMalus MoIy4eHa yepe3 00JauHyro
cpeny Google EarthEngine.

B Enncen
Pexu
HACceneHe mywkTe:
< By
B Manest Kesvyr
Kava

Pucynox 15 — baccetinbl pexk Manbiit Kemuyr, Kaua, byzum

Jlns moctpoeHuss OGacceHOB HMCIOJB30BaIach HUpOBas MOACHb penbeda
MERIT DEM c caiita MERIT Hydro: global hydrography datasets. MuanmansHbIi
OXBaT TeppUTOpUH — S5%5 rpanycoB. JlaHHBIE TPEACTaBIECHBI B CHUCTEME
reorpapuyeckux koopauHat WGS84 B popmarte TIFF.

boumn ckauansl apxuBsl IMP nHa Teppuroputo Kpachosipckoro kpas: (30°
c.1.,90° B.11.), (30° ¢.1m1.,120° B.11.), (60° ¢.111.,90° B.11.), (60° ¢.11.,120° B.11.) — haiins
tuna «Adjusted Elevationy». Jlns kouBeptaruu ckadanHbeix [[MP, coBmecTHOro
aHaju3a U KOHTPOJS PE3ysNbTaTOB, a TAKXKE CO3/1aHus KapT ucnonb3yerca QGIS c
moaynsimu GRASS Bepcun 2.18. Tlocne ycranoBku nporpammbsl Whitebox GAT u
CKaUMBAHUA UCXOHBIX JaHHBIX [IMP BeImONHSINUCH Caeqyromue onepanm.

[IpoBenena kouBepraius pactpoB B npoekmuio UTM-46, B popmat TIF Ge3
cxatus ¢ momompio onbmmorekn GDAL B QGIS ¢ ucnonb3oBaHnEeM KOMaHIHBIX
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¢aitnos bat, cobpana mo3anka u 00paboTaHa MacKoOu JJIsl BBIIECTICHUS TEPPUTOPHH
LEHTPAJIbHBIX U I0KHBIX pailoHOB KpacHospcKoro kpas.

JIs1 aBTOMAaTUYECKOTO MOCTPOEHUSI KOMIIOHEHTOB TUAPOJIOTMYECKON KapThl
UCIIOJIB30BaJIOCh Tiporpammuoe obecriedenne Whitebox GAT [36]. IMocie ero
3amycka 3arpyxaetcs pactp LIMP u Beimmonusercs anroputm Breach Depression
(Fast) mns xoppektupoBku IIMP (ycrpanenuss nedekxtoB). B pesynbpraTe 3
pacTpOBBIX CIIOA:

- Breach — wmomudunmpoBaHHbId, KOPPEKTHBI C TOYKH 3PCHHSA
ruaporpadun perased (LIMP, cBoO01HAS OT TOKATBHBIX TOHWKCHUH );

— Flow Pointer — pactp HampaBiieHUil CTOKOB, COJIEpKAIINN B sUCHKaX
uH(OPMAIUIO O HANPABIECHUHU JBUKEHUS MOTOKA; HA €r0 OCHOBE PACCUMTHIBAIOTCS
JMHUU BOJIOTOKOB M KOHTYPHI PEYHBIX OacCEelHOB; sUEHKH pacTpa coiepKar
MH(OPMAIUIO B LIETOUYUCICHHOM BUJIE O HAIIPABJIECHUU CTOKOB IO CTOPOHAM CBETA;

— Flow Accumulation — pactp cymMmMapHOro MmoToka; KaKIAblid IMHKCEIb
ATOr0 pacTtpa OTOOpaXaeT TO KOJMYECTBO SYEEK, MO KOTOPBIM IEpEMEIIAeTCs
YCJIOBHBIM BOJAHBIN MOTOK K JAHHOM STYEHKE.

Janee BbImoNIHAETCS omnepanus Streem extraction, B KOTOPOH HYKHO 3a/1aTh
MOPOTrOBO€ 3HaueHuEe — B HAaHHOM mpumepe 15000. D10 3HaUYeHUE — KOJIUYECTBO
MUKCeJIEeH, COCTABIISIONINE MUHUMAILHBIN BOJ0COOPHBIN Oacceitd. 3nauenue 15000
COOTBETCTBYET OacceifHaM ¢ momanpo nopsaaka 50-150 km?. YMeHbIIEHHE
IOpOrOBOr0  3HAu€HUsi OyAeT NPHUBOAUTH K  YBEIMYEHHUIO  KOJIMYECTBA
ONpe/eNsieMbIX TIOTOKOB M, CJEJ0BaTENbHO, 0accedHOB. OTO HYXKHO JUIs
HOCTPOEHHUS OaCCEMHOB AJIs1 KPYITHOMACIITAOHOTO KapTorpapupoBaHusl.

Jlanee BBIMOJIHSAETCS SKCIIOPT MOTOKOB (Streams) B BEKTOpHBIN (opmart (shp
daiin). [ToxyyaeTcss BEKTOPHBIN JIMHEWHBIHN CIION BOJOTOKOB.

KoneunbiM 3Tanom npu GopMupoBaHUH 0ACCEHHOB SBISETCS AITOPUTM Sub-
Basins. IIpu BbIOOpe ciioeB, 10 KOTOPBIM OyAET MPOUCXOAUTH PACUET AJrOPUTMA,
NIEpPBBIM clioeM BeiOMpaeM cioil Extract Streams u cnoii Flow accum, nomy4yeHHbII
Ha nepBoM dtare. Kaxaplii OTAENbHBINA MOTOK, BHIYMCICHHBIA Ha 3Tane padoThl
anroputma Extract Streams nosrydaer cBoii 6acceiiH.

[lonydeHHBI pacTPOBBIM CJIOW MPEICTABISIET 30HBI, COOTBETCTBYIOILINE
BOJOCOOPHBIM TEPPUTOPUSIM WM OacceHaM il KaKI0TO MOTOKAa B COOTBETCTBUU
C 3a/IaHHBIM B ornepauun Extract Streems moporoBbIM 3HAYEHUEM, ONPEIECISIOIINM
MacmTab JaHHBIX. 3aTeM TMOJIYYeHHBIH pacTp C BOJAOCOOpHBIMHU OacceiHaMu
AKCIIOPTUPYETCS] B BEKTOPHBIIN MOJUTOHAIBHBIN opMar.

B urore co3maercs shape-daiin vec.shp. Takum o6pasom, mocie padotsi ¢ I[1O
Whitebox GAT nosnyuaroTcsi ABa BEKTOPHBIX CJIOS: JIMHEWHBINA CJIOW MOTOKOB U
MOJINTOHATBHBIN CIIOM OaCCEHHOB.

Tenepb HaZ0 yCTpaHUTh «apTedaKkThl» (BEKTOPHBIE SYEHKH Pa3MEPOM B OJIMH
WJIM HECKOJIBKO PACTPOBBIX MUKCEIIEN) U CTIaAUTh «3y0uaThbie MOJUTOHBI», KOTOPbhIE
MoryT ObITh B Shp-(atine. OtkpeiBaem 3toT citoit B QGIS. 3anyckaem anroput u3
nabopa GRASS — v.clean.advanced ¢ mapamerpamu prune u rmarea:

— prune — oTBevaeT 3a yAalieHHe OJIU3KO PACIOJIOKEHHBIX Y3JIOB JIMHUW U
rpanuil. Eciu oOpabaTbiBaeTcsi rpaHuiia MOJUTOHA, TO TOMOJIOTHS HE HapyIIaeTCs
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3a CYET TOTO, UTO MEPBBIN U MOCIETHUNA CETMEHT I'PAHUIBI HUKOT1a HE U3MEHSIOTCS
U, KpOME TOr0, MOJIUTOHBI U UX IIEHTPOUAbl HUKOTAA He yaanstoTcs. Mcnonb3yercs
Kinaccudyeckut anroput™ Jlyrmaca-Ilekepa.

— marea — npeHa3HavueH JJis yAaJeHUs MOJIMTOHOB € 33JJaHHBIM IIJI0IIATHBIM
MIOPOTOM.

B nanHoil pabotre ynansitorcst y3ibl JUHUN U TPaHULl, PACIONIOKEHHbIE Ha
pacctosiHuu 50 METPOB U YAAISAIOTCS MOJMIOHBI € U060 MeHbie 10000 M2,

[locnenHuii mar — reHepanu3auus JUHUA (ycTpaHeHHE 3y04YaTOCTH)
BBITIOJTHSIETCSL anroputMoM 3 Habopa GRASS — v.generalize.smooth meromom
chaiken. YcranaBnuBaercs moporooe 3Hauenue (Maximal tolerance value) 30
METpPOB (C y4€TOM TOTO, U4TO pesibed) UMEET pa3peneHrne okoyio 75 m). OcTanbHbIC
IapaMeTpbl — IO YMOJIYaHUI0. B pe3ynprare co3maercst HOBbIM BEKTOPHBIN CIIOM €
pPE3yNbTATOM IFE€HEpAIA3ALUH.

PenaktrpoBanve B py4YHOM pEKUME HEOOXOJIMMO MPOBECTH HA OTACIIbHBIX
ydacTKax TeppUTOPHUH, /i€ HaOJII01at0TCs OMUOKH B JJAHHBIX UCXOIHOTO peibeda,
a1M00 paccMaTpUBACTCS TEPPUTOPHUS 03€P/BOJOXPAHMIIHIL OOJIBIIIOTO pa3Mepa.

B taGnuie 3 npuBeneHbl XapakTepUCTUKU pesibeda 6acCeHOB, MOTYyYEHHBIC
u3 nudpoBoit Mozenu penbeda.

Tabnuna 3 — Xapakrepuctuku penbeda 6acceitHoB pek bysum, Manbiii Kemuyr,
Kaua

Cpennsis
Bbacceiin [Imomane, | MunumaneHas | Makcumanenas | Ilepenag | BeicoTa Haj
KM? BBICOTA HaJI BBICOTA HaJ BBICOT, M y.M., M
y.M., M y.M., M

by3um 2603,72 111.0 426.8 315.8 250.0
Manpiit
Kemuyr 2486,90 215.0 606.7 391.7 338.2
Kaua 1252,54 134.2 706.9 572.7 335.2

Jlns geranu3aivy JUHAMHAKH JIECHOTO MOKPOBa HCIIOJIb30BaHbI JbIHHBIEC U3
ciioeB gain u loss [32], nanusie mpuBeaeHsl B [Ipuioxenun B.

Hcnonb3ys

KapTy  pPacCTUTEHBOCTHU

PO,

MOJTY4YEHBI

CIeAYIONINE

XapaKTEPUCTUKN PACTUTEIBHOTO IMOKpoBa OacceitHoB. B Oacceiine peku Kaua
48,38% — neca pa3Horo mopojgHoro coctara, 13,39% — mons, 26% — TpaBsiHbIC
coobmectBa. B 6acceiine peku by3um 35,62% — tpaBsiabie coobmiectBa, 24,13% —
nonst, 28,4% — neca. 94,5% Oacceitna pexku Manpiii KeMuyr 3aHumaror jeca,
MIPUMEPHO MOJOBUHY U3 HUX COCTABJISIIOT TEMHOXBOMHBIC M CMEIIAHHBIE C y4aCTHEM
TEMHOXBOMHBIX JIECa.

Ha pucynke 16 moka3zaHbl JaHHBIE U3 CJI0S1 O IPOSKTHBHOM MOKPBITHH [32].
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Pucynok 16 — IIpoexkTuBHOE MOKPBITHE APEBECHON PACTUTEIBLHOCTHIO

O4eBHUIHO pa3iNyure B XapaKTepe paCTUTEIHLHOTO MMOKPOBA TPeX OaCCEHOB.
B OGacceiine Majnoro Kemuyra OTCyTCTBYIOT 3HAUWTEIbHBIC YY9aCTKH HEJICCHOU
TEPPUTOPHH (CEITbCKOXO3SIMCTBEHHBIX YTOAMH, TPaBIHBIX coo0mIecTB). B Gacceline
p. Kava necHoi MOKpOB MPUCYTCTBYET B BEpXOBbAX. HIKe MO TEUCHUIO OOJbIIas
YacTh TEPPUTOPHUH 3aHSTA CEIbCKOXO3SHUCTBEHHBIMU YTOIBSMHU, JIyTAMH, a TAKKe
HaceJeHHbIMU IMyHKTaMH. B 6acceitne peku by3um necHoii mokpoB 3aHuMaet 25%.
N3meHeHus: JeCHOTO TOKpPOBa HE3HAUWUTEIbHBI, HE NpeBbimaoT 3% OT
wiommaau 6acceitna ([Tpunoxenne B). [Tossienne HoBbIX JiecoB: by3um 1.3%, Kaua
0.8%, Kemuyr 3.3%. Ymenbiienue jecHoro nokpona: byzum 2.0%, Kaua 0.98%,
Kemuyr 2.9%. B nenom nuHamMuKy W3MEHEHHUS JIECHOTO TTOKPOBA MOYKHO CUUTATh
HE3HAYUTEIBHOM.
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4 Anaam3 nannbix B Google Earth Engine

[Tpu usBneyennn nanubix u3 b/l ERA5-Land Hy»HO y4uTBIBaTh, YTO B HEl
XpaHATCS CPEAHNE JTHEBHBIE MMOKA3aTeH I KaXA0ro Mecsma. J{s teMmeparypbl
9TO CpeIHss TeMITepaTypa, OOBIYHO UCTIONB3YIOIIHIICS B UCCIICIOBAHMSIX TTApaMETP.
Jis TakuX XapaKTepUCTHK, KaK OCAJKH, HCIApeHUE, CTOK HYKHO MOJIyYUTh
CpeIHEeMeCsYHbIe, CyMMapHbIe 3HaueHus. JlJig 3Toro U Ipyrux 3agad HeoOXOIUMO
pa3paboTaTh CrieuagIbHbIC MPOTPAMMEI:

— CYMMUPOBAHHS TaHHBIX 32 33JJaHHBIN MIEPUOJ BPEMCHH;

— CyMMUPOBaHUS JTaHHBIX TIO TJIOMIAIH;

— mocTpoeHne Kod(PHUITMEHTOB JIMHEWHOTO TPEH A U TIOJyUYeHHUE pe3yibTaTa
B BUJIC pacTpa;

— W3BJICUCHUS JAHHBIX IO MacKe pacTpoBoro (gopmara.

4.1 N3BiieyeHne 3HAYeHU I 10 MacKaM
4.1.1 TlonyyeHue cpeTHNUX MeCSTYHBIX 3HAYEHMII 11 OacceilHOB

[TpuBenennsiii ckpunt ([Ipunoxkenue I'.1) nmpenHasHadyeH aJisg MOTyYCHUS
rpaduka (chart) mapameTpoB W3 Habopa — cpeaHee 3HAuYCHHE IO OacceiHy.
Job6aBnena onepanus ymMHoxkeHus Ha 1000 maHHBIX, KOTOpbIE MUMEIOT 3HAUCHUS
Menblie, yeM 0.001 (3To mepeBoj €AUHUIl OCAaJKOB W CTOKA U3 METPOB B
MUJUTUMETpPHI). be3 yMHOXKEHUsI TakKue 3HAUCHUSI TEPSAIOT 3HAUUMBIC pa3psibl MpU
BBITpY3Ke B opmare CSV.

Ha pucynke 17 nokazano pabouee OKHO, B KOTOPOM OTOOpa)k€Ha 4acTh KOoAa
JUISl BU3yallM3alMy JaHHBIX TEMIEpaTypbl Ha YPOBHE 2 M, M300pa’K€HUE ITOTrO
napameTpa B OKHE KapThl ¥ Tpauk cpeaHEeMECSIHOM TeMIEPATYPhI JIJIs TOJTUTOHA
— Oacceitna peku Kaua.

Hcyﬁb 17 — Pabouce OIl<-HO“GOOQ|e Earth Engine Code
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JlanHble BBITpY:Kat0TCs U3 rpaduka B popmare CSV, mnoToM UMNOPTUPYIOTCS
B TaOnumbl Excel. [laHHbIe BBITPYXKAIOTCS MOMECSYHO JUIS KaXJA0ro OacceiiHa
OTJENBHO.

B nabop naHHBIX JUId aHaiM3a OBLIM BBIOpAHBI €KEMECSYHBIC ITaHHBIE C
saBaps 1981 roga mo Hos16ps 2020 roga mo cieayromuM mapamMmeTpam:

— temperature _2m, TeMIiepaTypa Bo3yxa Ha BBICOTE 2 M HaJl TOBEPXHOCTHIO;

—snow_depth water equivalent, BogHBIN 5KBHBaJICHT CHEKHOT'O MTOKPOBA;

— potential evaporation, TOTeHIIMAIEHOE UCTIAPCHHE;

— runoff, cTok;

— total evaporation, o011ee ncrnapeHue;

— total precipitation, 0011ee KOJTUIECTBO OCAIKOB.

Jlanabie coOpanbl B Qailnbl st kKaxkaoro 6acceiina — pex bysum, Kaua u
Manein Kemuyr.

Jlanee mpoBeneH KoppesIUMOHHbBIN ananu3 B Microsoft Excel u nosydeHs
KOPpEJSILIMOHHBIE KOA()(PUIIMEHTHI OLIEHKHU CTaTUCTUUECKON 3aBUCUMOCTH JIaHHBIX.
Br1Opanbl cTaTUCTHUECKH 3HAUYMMBble KOA()(PUIMEHTHl KOPPENsSLUUU, U3 HUX — CO
3HaYeHUSIMU 110 Moy to He MeHblue 0,3. IloBenenue k03 PUIMEHTOB KOppEIILuu
JUISL KaK0ro OacceiiHa nMeeT MHOTO OOIIETO.

Crenyromuil mar — aHainu3 TPEeHIOB JaHHBIX 3a 40 ner, Takxke B Microsoft
Excel. Tlo Bcem moka3zateiasiM TOCTPOCHBI TPEHIBI MECSYHBIX 3HAYCHHI,
XapaKTepU3yIOIINe TUHAMUKY KIUMaThudeckux napametpoB B 1981-2020 roxax.

4.1.2 U3BJ1eueHne JAHHBIX B OTACJIbHBIX ITHKCEJIHAX

Ha cnenytromiem mare npoBeieH aHaIU3 HE CPEAHUX 3HAUCHUH 10 OacceitHaM,
a 3HAYCHUH B OTIENBHBIX MUKceaax qaHHbIX ERAS-Land BayTpu OacceitHOB.

B Ilpwnoxxenun I'.2 npuBeaeH JUCTUHT JUIS BHIBOJA 3HAYCHUI BHIOPAHHBIX
MapaMeTpoOB B YKa3aHHOM IMKCEJIE JaHHBIX ISl CpaBHEHUS XapaKTEPUCTUK Ha
yqacTKax 0aCCEHHOB C pa3HBIM PACTUTEIBLHBIM ITOKPOBOM.

4.1.3 Co3nanue MacCKH pacTPOBbIMHU JAHHBIMHU

Jlii BBICNICHUS aHATTM3UPYEMOM TEPPUTOPUH, KPOME BEKTOPHBIX OOBEKTOB,
eCTh HEOOXOIUMOCTh BBIAEIATH U3 HaHHbIX ERAS-Land 3HaueHUs ¢ MMOMOILBIO
pPacTpOBBIX MACOK W3 JIPYrux HaOOpOB pacTpoBbIX AaHHBIX. B Ilpunoxenun 1.3
IIPUBEJICH JUCTUHT MPOrpaMMBbI [l PELICHUS 3TOM 3a1adu. B nmaHHOM mporpamme
BBIBOJAUTCS MEIMAHHOE 3HAUYECHHUE TEMIEPATYpPbl BO3AyXa C ampesisi MO OKTSIOpb C
2016 o 2020 roae! Ha yuacTkax rapeit 2018 roaa, BEIIETEHHBIX MACKOW U3 TAHHBIX
o rapsix npoaykra MCD64.

4.2 Buzyaam3anus cHuMkoB Landsat u Sentinel-2

I[JISI BU3yAJIN3allUN JAHHBIX JUCTAHIMOHHOTO 30HANPOBAHUA HCIIOJIB3YCTCA
kox cosmanus imagecollection u3 6a3 mammeix cuumkoB Landsat-5, Landsat-7,
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Landsat-8 u m3BiieueHMs U3 KOJUICKIIMU H300paKeHUH 32 MHTEPECYIOINN TIEPUO.T
BPEMEHH T10 ToJIaM, TI0 MecsIIiaMm, 1o napameTrpy. B npencrasinennom B [Ipunoxennn
['.4 koxe BBITIOTHSETCS BBHIBOJ B OKHE KapThl pacTpa C HCUE3HYBIINM JICCHBIM
nokpoBoM [32] u cuumkoB Landsat. BeigeneHHbIN mipudT U3MEHSIICS IS BRIOOpa
naHHbIX Landsat u s ux Jiydiield BUu3yaau3aium.

4.3 IIporpaMMbl BLIYUCIEHUSI CPeTHUX 3HAYEHHUI 32 IepHo/,
CYMMAaPHBIX 32 EPHO/, TPEHI0B U UX BU3YyaJIU3ALUA

4.3.1 O0mumii moaxona

baza mamapix ERAS5-Land conepxut maHHBICE B BUJE CPEAHHUX THEBHBIX
3HAYEHUU 11 KaXJIOro Mecsua. JTa BeIUMYMHA Uil TAaKUX [apaMeTpoB, Kak
TEMIEpATypa, COJACPKAHUE BJIArM B IOYBE U T.II., HANPAMYIO MOAXOAMUT MJis
UCIIOJIb30BaHUs B paboTe, KaK 3TO MPUHSITO cefyac 7S CpeTHEMECTUHbIX 3HAUCHUH.

JUIsL TIOJy4eHUsT MECSYHBIX 3HA4YCHHWM I1apaMeTpoB, KOTOPBIE JOJIKHBI
CYMMHUpPOBAThCsl MO BCEM JHSAM Mecsla (Ocagky, HCIapeHue, CTOK M T.II.),
HEOOXOJMMO HaIucaTh CHelHalbHyl0 (QyHKiuio. Jpyras gyHkuus Heodxonuma
JUIsL CyYMMHUPOBaHMS JaHHBIX 3a NEPHOJ HAa TEPPUTOPUM, HAPHUMEP, IS CTOKA,
0CaJIKOB, UCIIAPEHUS CO BCE TeppUTOpHUU OacceiiHa niu Bogocoopa.

CpenctBo Ha3biBaeTcs «Map an expression over a collectiony.

CHauana omnpenensieTcss (QYHKUUSA, KOTOpas BBINOJIHAETCA s Ka)XA0ro
U300pKEHHSI U3 KOJUIEKIIMH, HAIIPUMEP, BBIYUCICHNE BET€TAIUOHHBIX UHIEKCOB.

Jluctunr 1 — Iloctpoenne pyHKIMU

// A function to compute NDVI.

var NDVI = function (image) {
return image.expression('float (b ("B4") - b("B3")) / (b("B4") +
b(llB3")) ');

i
// A function to compute Soil Adjusted Vegetation Index.
var SAVI = function (image) {
return image.expression (
'(1L + L) * float(nir - red)/ (nir + red + L)',
{

'nir': image.select('B4'),
'red': image.select('B3"'"),
'L': 0.2

)
}s

3aTeM BBIUMCIICHHBIC JAaHHBIC BU3YAJIIU3UPYIOTCA B OKHC KAPThI.

Jluctunr 2 — Buzyanu3zanus JaHHBIX B OKHE KapThl

Map.addLayer (collection.map (NDVI) .mean (), vis, 'Mean NDVI');
Map.addLayer (collection.map (SAVI) .mean (), vis, 'Mean SAVI');

3HaueHue HWHACKCOB HAIIPAMYIO MOKHO Y3HATbh KJIIMKOM Ha JaHHBIX B
3aknanake Inspector.
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4.3.2 BeluucjieHde CyMMbI 3HAUE€HUI MIUKCEJI0B B KOJJIEKIIUT

PaccMoTpuM mpuMep, KOra He0OXO MO BBIUYHUCIUTh MEIHAHHOE 3HAYCHHUE
BPEMEHHOTO psijia U300paXkeHui, npeacTaBieHusix B Buge ImageCollection. s
TOoro ucmoib3yrorcs Meroabl imageCollection.reduce (), uro cokpariaer
KOJUIEKITHIO H300PaKEHUH 710 OTCIHHOTO H300payKeHHUS, KaK MOKa3aHO Ha PUCYHKE
18. B 4aCcTHOCTH, BBIXOHBIC JAHHBIC BHIYHUCIISIFOTCS 1O IMHUKCEIIAM, TaK YTO KaXKIbIi
IUKCEIb B BBIXOAHBIX JAHHBIX COCTOMT M3 MEIHAHHOIO 3HAYCHHS BCEX
U300paKEHU B KOJUIEKIIMH B 3TOM MecTte. YToOBI MOIYy4YUTh JPyIrHe
CTaTUCTHYCCKUE J[aHHbIe, TAKWE KaK CpeaHee 3HAaYeHHE, CyMMa, IHCIICPCHI,
IPOU3BOJBHBIA HPOIEHTHIb M T. ., CIEAyeT HPUMEHHTH COOTBETCTBYIOIIMM

PEIyKTOD.
/ 4

NN

A
ee.Reducer

.

Pucynok 18 — MimtrocTpanus, noscHsrolas padoty metona ee.Reducer mis
ImageCaollection

Jliist 6a30BOM CTATHCTHUKH, TAKOM Kak Min, max, mean u . 1., ImageCollection
UMEET METO/IbI OBICTPOTO JIOCTYyIa, Takke kak Min (), max (), mean () u T. 1.

bbu1a cocraBieHa mporpaMMa BbIUHCICHHS CYMMapPHBIX MECSIUHbBIX 3HAYCHHI
JUTSL CTOKA, TPAHCITUPAITH, OCAIKOB.

JIuctuHr 111 pacdyera MecsiaHoro croka (runoff) u mocrpoenwue ero rpadukos
JUIs IByX OacceitHoB, 3aganubix FeatureCollection baz_moth u cocrosiueit u3 aByx
MOJINTOHOB, UMEIOINX Kaxablid cBoil unentudukarop HYBAS ID, mnpencrasien
B [Ipunoxenun /.
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4.4 BeruucjieHue K03 GuIHEHTOB JINHEIHOT0 TPeHAA

Jlig aHanu3a TPEHI0B U3MEHEHUs IapaMeTpoB IO y3JlaM CETKH (Ipujam) u
no OacceitHaM HeoOXoauMbl (QyHKIMU mocTpoeHus TpeHaoB formaTrend
(covariates, windowsSize).

BeIuucisioTes 0JIrocpoYHbIle U KPaTKOCPOYHBIE TPEHABI BPEMEHHOTO pPsiia
WIH, HEOOS3aTENIbHO, TPEHIbl OTHOILIEHUS BPEMEHHOIO psa U KOBapHUAaThl.
JlonrocpouYHbIl TPEH OLEHUBAETCS 0 JUHEWHOMY WIEHY PETrpecCHH HA MOJIHOM
BPEMEHHOM psAny. KpaTkoCpOUHBIN TPEH PACCUUTHIBACTCS KAK OKOHHBI MUHUMYM
JUIsl BpeMeHHOro psga. OXumaercs, YTO BPEMEHHOM psii U KOBApUATUBHBIN PsiJT
OyAyT coziep>KaTh 10 OTHOMY PaCTpPy KaXKIbliA, @ BpEeMEHHOM psij OyAeT paBHOMEPHO
pacrpeeneH BO BpEMEHH.

Pe3ynbpratom sSBASIOTCS YeThIpe pacTpa B (popmare ¢ IiaBaroiiei 3amsTou:
noarocpounsie long-trend wu  kparkocpounsie short-trend Tpewabi, t-tect
JONTOCPOYHOro TpeHnaa long-tstat mo OTHOIIEHWIO K BPEMEHHBIM psijiaM U TECT
bproca - XanceHa Ha cTaOWIIbHOCTH apameTpoB hansen-stat.

Ha pucynke 19 mnokasaHsl B KayecTBE MNpUMEpa TPEHIbl aIlpebCKUX
temmnepatyp ¢ 2000 o 2020 rox Ha Tepputopuu ceBepHor EBpazum.

—
— p— s

Bapestieso Kapckoe mope
ope

Bocrouno-Cubupcxoe
Mope

/
/" Bepnroso
4 Mope

Ko
KapTorpaduueckue faHHbie © 2021 Google, INEGI 1000 KM bemeeeed | YCTIOBUS HCTI

Pucynok 19 - Tpenas! anpensckux temmeparyp 2000- 2020 rozs

MakcuManbHbIe TTOJIOXKHUTEIbHBIC KOI(PPUIMEHTH JWHEHHOTO TpPEH/A
HaOJII0AA0TCS HA TeppuTOpUn ceBepa KpacHosipckoro kpasi.

Ha pucynke 20 mpeacrtaBieH pe3yiabTaT BBIYMCICHUS JIMHEHHOTO TpEeHIA
CTOKa B allpesie MecsIle, BRIPE3aHHOTO M0 MAacKe MOJUTOHAJIBLHOrO Ciios OacceiiHa
peku Kaua.
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Pucynok 20 - Tpenn anpenbckoro croka 2000- 2020 rojpl, mo Macke 0acceitHa
peku Kaua

Busyanuzanus HacTpoeHa Tak, YTOObl MAaKCUMAJIbHO BBIACIIUTh PA3JINUUE B
K03 puIueHTax JMHEHMHOro TpeHJa no OacceiiHy. Pasnuuus cratuctudyecku He
3HAYMMBI, HO BBIABIIAECTCS TEHICHILM: BCE TPEHAbl OTPULIATENBHBIE, U B BEPXOBbSX
p. Kaua Tpenn camplit MUHIMAIIBHBIH, K YCTHIO TPEH YMEHBIICHHUS CTOKA OOJIbIIIE.
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5 AHAJIU3 NPOCTPAHCTBEHHOI0 pacipe/ieieHUs 1 BpeMEeHHO JUHAMHUKH
KJIMMATHYECKUX U THAPOJIOTHYEeCKUX ApaAaMeTPOB TePPUTOPHIA

5.1 IluHaMHUKa KJIUMATHKO-THAPOJOTHYECKUX IapaMeTPoB B acceiiHax
pek by3um, MaJgblii Kemuyr n Kaua

5.1.1 JlunamMuka cpeIHUX 3HAYEHHH MapaMeTPoOB

Temnepamypa

Bo Bcex OacceitHax HaOmromaeTcss TEHICHIMS TOHWKEHUS SHBApPCKON
TEMIIepaTypPhl U TIOBHIIIIEHUE BECEHHUX U JICTHUX TemrepaTryp. OCOOCHHO BBIpaXeH
TPEHJI POCTA aNPENLCKUX TEMIIEPATYP, Kod(PuIMeHT feTepMuHanuu R? B 6acceline
Marnoro Kemuyra pasen 0.25, B 6acceitne Kaun — 0.27, B 6acceitne byzuma — 0.29
(pucynok 21).

. . A N T Sttt i ol < 0.0887x + 287.1
""""""" N y = 0.0939x + 287.5¢ fe=02273

R*=0.2442

/ / V= 0.1198x+ 27168
y=0.1249x+ 271.87 , \ ' . \H =0.272
R*=0.2857 ~ 1 ! - " P
Yo P AN S B A ; AN
* N7 [VARE N N, ~,  ¥oosons2dnsy
b R® = 0.1007
v \

Apr-T2  mm——Jun-T2 NuHerHan (Apr-T2) oo JIMHERHAA (Jun-T2)

Pucynok 21 — JluHamMuKka cpeTHEMECSYHON TeMIIepaTyphl (CpeHee 1mo Oaccenny):
a — Oacceitn pexu by3um, 60 — 6acceiin pexku Kaua

Ocaoxu
Bo Bcex Tpex OacceilHax MakCHMAaJIbHOE KOJUYECTBO OCAJIKOB BBINMAJACT B

JETHHE MECSIBI, a TCHACHIMS POCTa OCAJKOB B MIOHE OOJBIIE, YeM B HMIOJIEC U B
aBrycrte (pUCYHOK 22).
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y = 0.071x+ 280.85
R*=0.21

y = 0.0735x + 280.7
R* =0.2252

y = 0.0705x + 266.56

Iy kY

\ I

R R B R AT I ,"\I"‘\:‘\J’ Y

S Y v V= 0.0696x + 260.67
\ A ! R*=0{p7

y = -0.032x + 25246
R? = 0.006

Pucynok 22 — TenaeHIIMu MECIYHBIX OCAJIKOB : a - B 0acceitne peku Mabiid
Kemuyr, 6 — B 6acceitne peku by3zum

Cmok
B neTHue Mecsiipl Bo Bcex Tpex OacceiiHax UMeeTcs TeHICHIINS YMEHbIIICHUS

ctoka (pucyHok 23). Ctok ampens B Manom Kemuyre wmmeeT TEHICHIUIO K
YBEIIMYCHUIO, B OCTAIBHBIX JIBYX OacCeHaxX TCHICHIIUS YBEIMUCHUS OTCYTCTBYET.

¥ =-0.0108x+0.7372
Lo R* = 0.16

|vjg -0.0096x+0.53 | T

R*=0.18 ]

.Jp‘ Ay !

~ e __I_,n’o.nnli&xm.asam

= =May-runoff
= = Apr-runoff

a 0
Pucynok 23 — Jlunamuka ctoka B 6acceitHax pek (cpemgHee mo 6acceiiny): a —
By3umMm, 6 — Kaua

Obwee ucnapenue

B Teuenwue Temioro ce3oHa €CTh TCHACHIUS YBEITUUCHHS HCIIAPSHHS BO BCEX
OacceitHax, HanOboJIee 3HAUYNTEIILHBIC TPEH/IBI B allpelie, Mae U UIOHE (PUCYHOK 24).
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y = -0.p125x 40.73y2
R?2=0.34

y =-0.0156x- 0.7425
R*=0.37

y=-0.0108x - 2.4885 y = -0.0113x- 2.3304
R*=0.22 R*=0.24

w— Apr-tot-evap May-tot-evap

Apr-tot-evap

May-tot-evap

--------- NuHeiHan (Apr-tot-evap) NuHeliHan (May-tot-evap) Nuneiinan (Apr-tot-evap) - = = Nuneitnan (May-tot-evap)

a 0
Pucynox 24 — Jluramuika o01ero nucrapeHus: a — B 6acceitae peku bysum, 0 - B
Oacceline peku Kaua

VYBenuueHne UCMAPEHUs B JIETHHUE MECSIBI MOXHO CBSI3aTh C TEHACHIMEH
pocTa JieTHUX TemmepaTtyp. O0e 3TU NPUUYUHBI MOTYT OOBSICHUTh CHIDKEHUE CTOKA.

5.1.2 CpaBHUTeJBbHBII AaHAJIHU3 IAPAMETPOB

bbulo mpoBeneHO cpaBHEHUE 3HAUYEHUM M JUHAMHMKH KIMMaTUYECKUX U
T'UJIPOJIOTHYECKUX TapaMeTPOB MEXAY TpeMs OaccelHaMu.

Temneparypa M OCaiKud H3MEHSIOTCS CUHXPOHHO M HMEIT OJUHAKOBbBIE
CpeIHEMEeCsIUHbIe 3HAYeHMs 32 BECh MepuoJ HAOMIOACHUS N7 BceX OacceilHOB.
[10o3TOMY MOXHO CUMTaTh, YTO HU TEMIIEpaTypa, HA OCAJKH B 1IEJIOM MO OacceiHy
HE ONpPENeNsAIOT pPa3iMuus B JMHAMHUKE OCTAJbHBIX MapaMeTpoB — OOILIEro
UCIIApEHMs], CTOKA U BOJIHOTO SKBUBAJIEHTA CHEKHOT'O MTOKPOBA.

Obwee ucnapenue

B aBrycte, cenTsa0pe u okTsi0pe 3TOT mapaMerp OT OacceiiHa k OaccelHy
U3MEHSETCS MaJlo, JUHAMHKa IO ToJaM CUHXpOHHA. B amperne, mMae u uroHe
ucnapeHue B Oacceitne Manoro Kemuyra menbiie, yem B Oacceiinax Kauu u
bysuma. B utone, Hao60opoT, ucnapeHue OOJbINE, XOTS HE TaK 3HAYUTEIBHO. JTO
HaOJromaercs 3a Bech nepuos 1981-2020 roasr (prcyHok 25).

YMeHbllleHne UCTIapeHusi BO BceX Tpex OacceiiHax B utosie B mepuon 2006-
2011 roapl HE CBSI3aHO C POCTOM TeMIEPATYPhl WU OCAIKOB.
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Obliee ucnapeHue

1981 1986 1991 1996 2001 2006 2011 2016

-0.5

-1.5

-2.5

-3.5

== Apr-tot-evap Buzim —@— May-tot-evap Buzim Jul-tot-evap Buzim

-45
Apr-tot-evap Kacha —@— May-tot-evap Kacha —@— Jul-tot-evap Kacha

Apr-tot-evap Kemchug May-tot-evap Kemchug =@=|ul-tot-evap Kemchug

Pucynoxk 25 — Jlunamuka cpeTHEMECSYHBIX 3HAYCHUHN OOIIEr0 CTIapeHUS
Boowuwiii axeusanenm cHeicHo2o nokposa

B Oacceiinax Kaun m by3uma BeaumunHa BOJHOIO SKBUBAJIEHTa CHEXHOIO
MIOKpOBa IpakTUYEeCKHU oAuHakoBa. B Oacceitne Manoro Kemuyra naGnrogaercs
Oojiee BBICOKOE 3HAYEHHWE B MapTe W B ampesie Mecsie, Korjaa HaOIoJarTcs
MaKCHMaJIbHbIe HAaKOIUICHHBIC 3arachl CHera (pUCYHOK 26).

BOLI,HI::I;I 3KBWMBAJ/IEHT CHEXHOIO NOKPOBa

0.25

0.2

0.15

01

0.05

—8—Mar-snow Kacha —8— Apr-snow Kacha
Mar-snow Kemchug Apr-snow Kemchug
0
P S 2 B ™ T~ o - - B - SO = o s T o o T~ O B~ - B = = T o SO o T o™ o O~ B o - - O - SO = T o s T 72 Y B A - - S - T =
@ 00 00 0 0 @ W W W N DD DD QO QO Q Q9 Q@ Q9 o dddododod oo oo
A a0 O 0 0 a0 000 O OO0 0 0 0 0 o0 0 o0 00 0 o0 o o o O O O
L I I I T I I I I I B B B B A B B o B o B o B o B o I o A S A A 3 A N o I o B o BN o B o I o AN S A & A B o I o}

Pucynok 26 — J[unamMuka BOJHOTO SKBUBAJICHTA CHEXHOTO TTOKPOBA B MapTe U B
amnpesie Mecsue

Takue cooTHOIIEHHE HAOMIOMAETCS 32 BECh UCCIIEyEMbIN TTEPUOI.
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Cmoxk

PaccmarpuBasi CTOKM B ampese-CeHTIOpe, OTMEUaeTCs CaMOe€ BBICOKOE
3HaYeHHWe — Malckui cTok B OacceiiHe Mamoro Kemuyra. B Gacceitne by3uma
caMbIii BBICOKHUM CTOK B ampese, B 0acceitne Kauu cTok genuTcss Ha MaWCKUN |
anpeabcKuil (pucyHok 27).

[vHamuKa cToka
25
Apr-runoff Buzim —@—May-runoff =@ Jun-runoff =—@— Jul-runoff Buzim
Apr-runoff =—&— May-runoff Kacha =—@—]un-runoff Kacha == Jul-runoff

Apr-runoff Kemchug May-runoff Kemchug Jun-runoff Kemchug Jul-runoff Kemchug

PI/ICYHOK 27 — I[I/IHaMI/IKa CTOKAa B BCCCHHHC H JICTHHUC MCCIIbI

MakcuMalibHasi BeTMYrMHa CTOKa HaOJroaeTcs B anpere B 6acceiine by3uma,
B Mae B Oacceline Manoro Kemuyra u B anpene-mae B 6acceiine Kauu. B nocnennee
JECATWICTHE BEJIUYMHA CPEIHEr0 CTOKa BECHOW YMEHBIIWIACh MPUMEPHO B JIBa
pasa.

5.1.3 AHa/1u3 TaHHBIX B OT/EJbHBIX MUKCEJISIX, COOTBETCTBYIOIIUX
TEPPUTOPUAM € PA3ZHBIMH XaPAKTEPUCTHKAMHU PACTUTEIBHOI0 MOKPOBA

Ha cienyromem mare npoBelleH aHAINW3 3HAYEHUN B OTAEJBHBIX MHUKCENIaxX
nanabix ERAS-Land BHyTpu GacceiinoB. BHyTpu 6acceiiHOB BBIOpaHBI MHUKCEIbI,
COOTBETCTBYIOIIME Pa3HOMY THUITy PACTUTEIBHOTO MOKPOBA — Jieca WM Mois. s
BbIOOpAa THKCEJIOB HCIOJIb30BAJUCh CJIOM TpaHUl] OacceHOB, MOJJIOKKA
«Cnytauk» B Coogle Earth Engine u nsa cuumka 2020-2021 romgoB — 3UMHHUN U
JE€THUH, Ha KOTOPBIX XOpPOIIO BHU3YaJlbHO BBIACHSIIOTCA pa3Hble  THIIbI
MOJICTUJIAFOIIEN TTOBEPXHOCTH.

PaccmoTpum nuHaMuKy ctoka B OacceiiHe by3uma B Jiecy UM Ha MOJSX
(pucynok 28). [IpeacraBnensl rpa@uKkyu TMHAMUKHU CTOKA B anpese U B Mae Mecsile
¢ 2000 no 2020 rox. Ctok B amnpese 0oJibliie, 4eM B Mae.
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Pucynok 28 — JIlunaMuka cToka B MOJISIX U Jiecax B OacceitHe bysuma

B teuenue Bcero nepuoaa 2000-2020 romoB camast O0bIIasi BEIMYWHA CTOKA
HaOII0JaeTCsl B Mae MECAIe B JIECHBIX TeppuTopusax OacceitHa peku Kemuyra. B
JIECHBIX TeppuTOopusix OacceitHa Kaya cTok MeHblle, 1 €r0o MAaKCUMYM MPUXOIUTCA
Ha ampens yarie Bcero (pucynku 29-30). B Oacceitne by3nma quHamMuka CTOKa 1Mo
BPEMEHMU M M0 BEJIWYMHE OJMHAKOBAs KaK B IOJAX, TaK U B JIECHOM 4acTU. JTO
MOKET OBITh CBSI3aHO TaKXXE€ C TEM, YTO JIECHBIE TEPPUTOPUH HEOOJBIIUE TIO
TJIOILAIH.

Pucynoxk 29 — Jlunamuka croka B 6acceifHax B JIECHBIX U CEITbCKOXO03HCTBEHHBIX
TEPPUTOPUSIX B TEUCHHE T0JIa
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Pucynok 30 — J/Ilunamuka ctoka B OacceitHe Kaun Ha yyacTkax ¢ JecHOMH
PaCTHTENBHOCTHIO U CETBCKOXO03IHCTBEHHBIMU YTOAbSIMH

AHau3 MoKa3bpIBacT, YTO BHYTPH OacceiiHa CYIIeCTBYIOT Pa3IuyUs B PEIKUME
CTOKa B 3aBMCHMOCTH OT THIIA MOACTUIaMomeii moBepxHOCTH. CTOK Ha JECHBIX
y4acTKax BBIIIE, YeM Ha TEPPUTOPHH CEITLCKOXO03SMCTBEHHBIX YTOIUH, U MAKCUMYM
CTOKa HaOJroaeTCcsl B MOJISX Ha MECSIl PaHbIIe, YeM B Jiecy. BmecTe ¢ TeM u Ha
JIECHBIX TEPPUTOPHSX CTOK pa3IMyacTCs MO BEIIMYMHE, XOTS MPUXOJUTCS HA OJMH U
TOT e MecsIl (Mai).

5.2 UccnenoBanne TMHAMUKH T'MIPOJOTHYECKUX MOKa3aTesieil B
0acceifHaxX peK C CyleCTBEHHbIMH U3MEHEHUSIMH JIECHOI0 ITOKPOBa

AHaJI3 U3MEHEHUS BETMYMHBI CTOKA Ha TEPPUTOPUSIX, T]I€ TIJIO0IIA b JIECHOTO
MOKPOBA CYIIECTBEHHO M3MEHSETCS, UMEET OOJBIIOE MPAKTUYECKOE 3HAUCHUE, B
MEPBYI0 OYEpenb JJIsl MPEAYNPEkKIECHUS OMACHBIX CUTyallMl TUIa HABOJHEHUH.
N3mMeHeHus JIeCHOrO MOKpPOBa, B OCHOBHOM €ro ru0eiib Ha 3HAYWUTENIbHOW YacTu
OacceilHa peKH, HACTYNAeT B pe3yJibTaTe BCIBIIMIEK MAacCOBOTO Pa3MHOXKEHUS
HACEKOMBIX-BpeIUTENCH, HAapUMep, CHOMPCKOTO IIENIKOMNPS/Ia, BRIPYOKH Jieca UiTn
noxkapoB. Vcnonb3oBaHWE MaHHBIX B THUAPOJIOTHYECKUX, KIMMATHUYECKUX 0azax
JAHHBIX, JAHHBIX JUCTAHIIMOHHOTO 30HIMPOBAHUS W PE3YJIbTATOB UX aHAIM3a,
OYeHb TMPOIYKTUBHO TPOBOAUTH B obOnauHo¥l cpene. [Ipumep npumeHeHUs
obaunoi cpenpl Google EarthEngine npusenen B padote [37].

beimu BeIpe3aHbl (pparMeHThI HA TEPPUTOPHUI0 DBEHKUH, BKIIFOYAS TTOCEJIOK
Typa, niusa usydeHus BIUSHUS TokapoB, W OaccediHbl pexk Kaca u Ceima miis
W3YUYEHHUS BIMSHUS MOCIEACTBUM BCHBIIIKH MAaCCOBOT'O PA3MHOXKEHUSI CHOMPCKOTO
menkonpsia. KoHTypbl 6acceiHOB BbIieacHBI M3 Habopa manHeix HydroSHEDS
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[38]. U3 mannbix [32] forestloss Obutn Beipe3aHbl (pparMeHTHI C TEPPUTOPUSIMHU
WCUC3HOBCHHS JICCOB B MCCJICIyEMbIX peruoHax (pucyHok 31).

Haubounee 3naunTenbHas rudenb IpeBOCTOEB B Ipejenax 6acceitHoB Kaca u
Ceima mpomsornia B 2013, 2016 u 2017 romax (pucynok 31). Jlns momydeHus
TUIPOJIOTHYECKUX MapaMeTPOB JJIA 3TUX TEPPUTOPUN ObLI MOCTPOEH BEKTOPHBIN
MOJIMTOHAJIBHBIN CIION HanboJiee KOHIICHTPUPOBAHHBIX YYACTKOB MOBPEKIACHUH JIsI
KaXJI0To roja. [[ns kaxmoro Mecsiia WM TOJBKO JIETHUX WJIM TOJBKO 3UMHHUX
MECAIIEB ISl TPEX HCCIACAYEMBIX YYACTKOB C IMOMOIIBIO MPOTPAMMBbl BBIICICHUS
mapamMeTpa M TOCTPOCHUs rpaduka €ro AMHAMHUKA ISl KaXJAO0rO ITOJUTOHA
BEKTOPHOTO CJI0S1 (MACHTU(UKAITUS 10 MO0 «T0J THOETN») MOJIYYeHBI CPEIHUC
3HA4YECHUS TapaMeTpoB (CpeaHee B JICHD):

- TeMIIepaTypa BO31yXa;

- 001U CTOK;

- OCaJIKU;

- BOJIHBIN 9KBUBAJICHT CHEKHOTO IMMOKPOBA;

- HCTIapeHue.

Jlanubie sxcioptupoBanbl B popmate CSV.

[To aOCOMIOTHRIM 3HAUYEHUSIM ITUX XapaKTEPUCTHK PA3THMUUN IO yYacTKaM He
BbIsIBIIeHO. Ha pucynkax 32 — 33 npuBenieHbl rpadMKi aHOMAIUK CTOKA, OCAIKOB U
BOJHOTO SKBHUBAJIECHTA CHEXHOTO IMOKPOBAa OTHOCUTEIBHO CPEIHETO 3HAYCHHUS B
nenb ¢ 2006 mo 2020 rox. Anomanuu paccuntansl B Microsoft Excel. Yeennuenwue
MaMCKOro CcToka Ha Bcex Tpex ywactkax B 2014-2015 romax, ymeHbIIeHHE
Maiickoro croka B nepuo 2009-2013 roasl conpoBOXKAAETCS COOTBETCTBYIOIIUMHU
KOJIeOaHMSIMU CHero3amaca (BOJHOIO SKBUBAJIEHTA) U OTYACTU OCAJIKOB.
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®parMeHThI pejibed)a H TAHHBIX 00 HCYE3HOBEHHH JIECHOTO
NMOKPOBA HA HCCJIEAYEMYIO TEPPHTOPHIO
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Pucynox 31 — HUccnemyemas Tepputopus. B erenae mokasaHsl TOIbI
HMCUe3HOBEHHUS JIeCHOTo mokpoBa B XXI| Beke
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Pucynok 32 — JIlunaMuka aHoMaluii CTOKa, CpeTHUE 3HAUCHHUS B JI€Hb 32 MECSI] Ha
ydacTkax noruommux jgecos: a—B 2013 r.,6—-82016T1.,B—B2017T.
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Pucynok 33 — JlnnaMuka aHoMalii ocaakoB (a) U BOJHOTO 3KBUBajeHTA cHera (0)
u1st noBpexaeHui 2016 r.

beut mpoBeneH aHanmM3 BBIMICNIEPEYUCICHHBIX MMapaMeTpoB sl OacCeiHOB
pek Crima u Kaca. Ha pucynke 34 noka3aHbl rpaiku MECSYHBIX 3HAYCHHI CTOKA
JUIs 9 THX OacceiiHoB B pabouem okHe EarthEngine.
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Pucynox 34 — I'paduku nuHamuku ctoka B 6acceitnax Crima u Kaca ¢ 2010 no
2020 rox (Mecsiibl MapT-HOSIOPH) B KOHCOTTU

N3MeHeHus cToka mocie rudesnu JIECHOTO MOKpoBa B OacceiHax pek, a TaKkKe
OT/ACJIPHO Ha ydYacTKaXx T'MOeNM Jieca BHE CBSI3M C OCaJKaMU U KOJIMYECTBOM
cHexHbIX 3amacoB B 2015-2010 rogax He HaOmonaercs. [loaToMmy Oblia BU3yalibHO
MPOAHAIM3UPOBAHA JUHAMUKA U3MEHEHUS PACTUTEIHLHOTO MIOKPOBA TEPPUTOPUH 11O
caumkaMm Landsat—8 (pucynku 35 — 36).

Ha caumkax 2012 roma MacCoOBBIX TOBPEKICHUW JIECHOTO IOKpOBa HE
IIPOSIBIIICTCS. HA BCEH HCCIIeNyeMOor TeppuTopuu. Ha eTHUX ¥ 3MMHHX CHMMKAax
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2020-2021 rogoB (pucyHok 33) TEppUTOPUH C MOTHUOIIMMU JIECAMH BBIIEISIOTCS
KaK y4acTKHU pa3HOU CTETeHU 3aCHEKEHHOCTH.

“ima 2020 T Tleto 2020 . Juma 2021 T.
Pucynok 35— Mccienyemas TeppuTopus Ha JETHUX M 3UMHHX cHUMKax Landsat 8

3a mepuoa 2020-2021 rogos. [lomuronamu BeIZICTICHBI YIaCTKHU C TIOTHOIIIAM
JIECHBIM MOKpOBOM: cBepXy BHM3 — 2013, 2017, 2016 rossI.

2015 . 2006 2018
Pucynok 36 — Teppuropus noru6mmux B 2013 roay necos Ha cHuMkax 2015-2018
rOJIOB

Ha pucynke 36 MoxHO BUIeTh, uTo gaxe B 2018 rogy Ha aHamm3upyemoi
TEPPUTOPHUM MPUCYTCTBOBAIM MO KpallHEW Mepe CTBOJbI MOTMOIIMX JepeBbeB. U
Tosibko B 2020 ronay (pucyHOK 35) Ha 3MMHEM CHUMKE YYacCTOK BBITVISJIUT Kak
oe3necHblil. Ha Tepputopusix, rae rudens jJecHOro nokpona gatupoBaHa 2016 u
2017 romamu, 10 HACTOSILETO BPEMEHH HMMEETCA PACTUTEIBHOCTb, BBICOTOM
IpEBbILIAIONIAS [TyOMHY CHEKHOTO MOKPOBA.

Takum o0pa3oM, rubenb JECHOTO MOKpOBa B pe3yJbTaTe MOBPEKICHUS
CUOMPCKUM LIETKONPSIOM MPUBOAUT K MMOCTETICHHOMY U3MEHEHHIO MOICTUIIAI0IIEeH
MOBEPXHOCTU B TE€YCHHE HECKOJIbKUX JIET M HE MPUBOAUT K OJTHOMOMEHTHOMY
WU3MEHEHUIO BETMYMHBI CTOKA.
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5.3 /InuHaMuKa KIMMATHYECKUX MAPAMETPOB HA rapsix B JBeHKHH
Jlns  BbIACNEHUS y4YacTKOB raped wucrois3oBasics npoaykr MODIS
MCDG64Al. Hwuxe mnpuBeleH JUCTUHT MPOrPaMMHOTO KoJia BbIOOpa W

BU3YyallM3alluy rapei, pe3yabTaT paboThl KoJla — Ha pucyHke 37.

Jluctunr 3 — Busyanuzanus nanasix npoaykra MCD64Al

//Fires

var dataset = ee.ImageCollection('MODIS/006/MCD64A1")
.filter(ee.Filter.date ('2010-04-01", '2020-10-31"));

var burnedArea = dataset.select ('BurnbDate');

var burnedAreaVis = {

min: 160.0,
max: 210.0,
palette: ['4e0400', '951003', 'c61503', 'f£f1901'],

}i
Map.setCenter (97.0, 64.5, 6);
Map.addLayer (burnedArea, burnedAreaVis, 'Burned Area');

HNanee Obutn BbimeneHbl rapu  Tonbko 2018-2019 romoB, koTopshie
MCITIOJIB30BAIMCH KaK MAacKU JUIsl KITUMATUHYECKUX U TUIPOJIOTUYECKUX TTapaMETPOB.
VYyacTku rapeit HeOOoJIbIINE; U TOCKOJIbKY JUHAMUKY KIMMATUKO-THIPOJIOTUYECKUX
napamMeTpoB JUIsi TOpa3fo OOJBIIMX YYACTKOB TMOTHOIIMX OT CHOUPCKOTO
HIETKONpsIia JIECOB BBIICIUTh HE YOAIOCh, B paboTe OTPaHUYMINCH TOJBKO
TEMIIEPATYPOM BO31yXa.
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Pucynok 37 — Teppuropus rapeit Ha ceBepe Kpacnosipckoro kpast B 2018-2019
rojax

[Tonyuensl 3HaUeHUs TEMIIepaTypsbl Bo3ayxa ¢ 2016 o 2020 rox ¢ anpesns no
OKTSIOpb MeCSI] B K&KI0M Toay Ha Tepputopun rapeit 2018 roga (pucynok 38).
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Kaprorpauriecive gannbie ® 2021 Google 10 km +Fencaus o Gk 1a xapTe

Pucynoxk 38 — Pabouee okno EarthEngine ¢ pactpom Temrieparypsi,
MacKUpOBaHHBIM TeppuTopusiMu rapeit ¢ 2016 mo 2020 rox B paitone Typbl

Hanee nanubie Tpaduka MoryT ObITh ToydeHbl B Qopmare CSV s
naabHenIe oopaboTKy.

Takum 00pazom, pa3paboTaHbl MPOTrpaMMHBIE KOJABI MOJIYYEHHUS 3HAYEHUU
otnenbHBIX mapameTpoB u3 b/l ERAS-Land mist oTaenbHBIX MUKCENeH, BEKTOPHBIX
NOJINTOHAJIBHBIX CJIOEB M PACTPOBBIX MACKHUPOBAHHBIX OOBEKTOB. B03M0OXHO
MOJIy4YeHUE HENOCPEACTBEHHBIX 3HAYEHUH, a TakkKe 3HAauYeHU (QyHKIUH,
paccYMTaHHBIX MO MPOCTPAHCTBEHHBIM U BpeMeHHbIM HaOopam mapametpoB u3 bJ|
ERAS-Land 1 KOCMUYECKUM CHHUMKaM.
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3AKJIIOYEHUE

[IpoBeneH aHanu3 JUHAMUKH [apaMETPOB THUAPOJIOTHYECKOTO pPEKHUMA
pEUHBIX O0ACCEMHOB B CBSI3M C MU3MEHEHUEM PACTUTEIBHOIO MOKPOBA, UCIHOJIb3YS
cpelncTtBa pabOThl ¢ KIMMATHYECKUMHU JIaHHBIMH U JIaHHBIMU JUCTAaHIIMOHHOTO
30HAMpOBaHKs B 00auHoi cpene Google Earth Engine.

Pemens! 3a1aun:

— OmpeJeneHbl (PaKTOphl, pacCMaTpUBaeMble B JTUTEPATYPHBIX MCTOYHHUKAX
KaK BJIMSIIOIIME HA TUAPOJIOTMYECKAN PEKUM TEPPUTOPHH;

— MOJTyY€HBI JaHHbIE B 00JIa4HOM cpefie U3 0a3bl JaHHBIX Mo KnumaTty ERAS-
Land mist TeppuTOprii CO 3HAYUTEIEHBIM U3MEHEHHEM PACTUTEIHHOCTH;

— pa3paboTaHbl MPOrPaMMbI POCTPAHCTBEHHOTO aHAIM3a TaHHBIX;

— TPOBEICH aHalU3 MOJYYCHHBIX MapamMeTpoB M Tpex OacceiHOB pek
HneHTpaibHOM yacTu KpacHOSpcKoro kpast ¥ Jijisi TEPPUTOPUNA C THOEIIBIO JIECHOTO
IIOKPOBA B PE3yJIbTAaTE NOBPEXKICHNS HACEKOMBIMHU U ITOKAPAMHU.

B xadecTBe MHCTpYMEHTapus HCIOJIb30BaNach oOnauHas cpeaa EarthEngine.
Hanwucansl mporpaMMsl Ha si3bike Java SCript st peleHus 3a1a4y aHaIn3a TaHHbIX
ERAS5-Land Ha Bo1ocOOpHBIX TEPPUTOPHSIX M yUACTKaX JIECHBIX rape.

Hanucanbl nporpaMMHbIE MOTYJIN:

— BBIYHCIICHUS MECSYHBIX 3HAYEHHUI O0CaJKOB, UCIIAPEHUS U CTOKA;

— nocTpoeHue K03 (GUIIMEHTOB JIMHEWHOTO TPEHIA U MOIYUYEHUE PE3YIbTATA
B BUJIE PacTpa;

— U3BJICYEHUS JAHHBIX IO MACKE PACTPOBOTO CIOA.

Kpome Toro, ncnonb3oBaics MOIYJIb ISl MIPOCMOTPa KOCMUYECKUX CHUMKOB
c mpubopoB Landsat-5, Landsat-7, Landsat-8, Sentinel-2 na anammsupyemsbie
TEPPUTOPUH.

Oobnaunas cpena EarthEngine B Google crana ymnoOHbIM 1 3 deKTHBHBIM
CPEIICTBOM JJIsl AaHAJIN3a KIIMMATHYECKUX, TUAPOIOTUYECKHX JAHHBIX, KOCMUYECKUX
CHUMKOB JUIsl IPOBEJACHHSI COBMECTHOTO NMPOCTPAHCTBEHHOI'O aHaln3a B 00JACTH
UCCJIEIOBaHMSI BIUSHUS U3MEHEHMSI THIPOJIOTHYECKOTO peKuMa 0acCeilHOB B CBSI3U
C U3MEHEHUSIMHU PaCTUTEIBHOIO X ITOKPOBA.

AHanu3 TMHAMHUKY KIMMAaTHYECKUX U THIPOJIOTHUYECKUX MTapaMeTPOB U3 Oa3bl
nanabix ERAS-Land Ha nccenyeMbIx TEpPUTOPHSIX MTOKA3aj, YTO B OacceliHax pek
Kaun, bysuma m Manoro Kemuyra HameTwiics TpPEHZI YBEJIMYECHMS amlpesIbCKUX
TEMIIepaTyp U pOCTa OCAJAKOB B MIOHE. TE€HJIEHIMS YMEHBIIECHUS CTOKAa B JIETHUE
MECALbl COMPOBOXKAAETCS POCTOM UCHAPEHUS, YTO MOXKET OBITh BBI3BAHO POCTOM
TeMIlepaTypbl Bo3ayXxa. Bpems HacTymieHHs MakCHUMAaJbHOTO CTOKAa 3aBUCHUT OT
pactutenbHOoCcTH OacceiiHa: B Oosiee JecHoMm Oacceiine Manoro Kemuyra
MaKCUMAaJIbHBIM CTOK B Mae, B OacceifHe peku by3um ¢ mnpeoOnagaHueM
CEJIbCKOXO3SIICTBEHHBIX TEPPUTOPHIL — B ampene, a B OacceitHe peku Kawa crok
pacnpeiesieH IpUMEPHO MOPOBHY B 3TH J1Ba MECSLIA.

B 0Oacceitnax pex Kaca u Chima, B KOTOpBIX MpoM30ILIa THOETh JECHOTO
nokpoBa B 2013, 2016 u 2017 romax, U3MEHEHUsI CTOKA BBISIBUTh HE YNAJIOCh.
Busyanehblii aHanmu3 cHuMmkoB Landsat-8 wu Sentinel-2 wa sTH TeppuTOpHH
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MTOKa3bIBAET MNOCTEINIEHHOE N3MEHEHHE PACTUTEIBHOIO ITOKPOBA OT JIeCa K OTKPBITHIM
MIPOCTPAHCTBaM. Takke U3MEHEHHUE CTOKA HE YIAJI0Ch BBISIBUTH U JIJI1 yYaCTKOB, TJI€
Jec morud B pe3ysibTaTe MOXKapoB, Ha ceBepe KpacHospckoro kpas, B paiioHe
nocenka Typa.
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INMPUJIOXEHUE A
Caou B Ha6ope nannbix ERA5S-Land

Tabmuna 1 — Onucanue cioeB nanHbIx Habopa ERABL-Land

Nms

Enunn-
bl
u3mepe-
HUS

Onucanmne

dewpoint temperatu
re 2m

K

Temperature to which the air, at 2 metres above the surface of the
Earth, would have to be cooled for saturation to occur. It is a measure
of the humidity of the air. Combined with temperature and pressure,
it can be used to calculate the relative humidity. 2m dew point
temperature is calculated by interpolating between the lowest model
level and the Earth's surface, taking account of the atmospheric
conditions. Temperature measured in kelvin can be converted to
degrees Celsius (°C) by subtracting 273.15.

temperature 2m

Temperature of air at 2m above the surface of land, sea or in-land
waters. 2m temperature is calculated by interpolating between the
lowest model level and the Earth's surface, taking account of the
atmospheric conditions. Temperature measured in kelvin can be
converted to degrees Celsius (°C) by subtracting 273.15.

skin temperature

Temperature of the surface of the Earth. The skin temperature is the
theoretical temperature that is required to satisfy the surface energy
balance. It represents the temperature of the uppermost surface layer,
which has no heat capacity and so can respond instantaneously to
changes in surface fluxes. Skin temperature is calculated differently
over land and sea. Temperature measured in kelvin can be converted
to degrees Celsius (°C) by subtracting 273.15.

soil temperature 1
evel 1

Temperature of the soil in layer 1 (0 - 7 cm) of the ECMWF
Integrated Forecasting System. The surface is at 0 cm. Soil
temperature is set at the middle of each layer, and heat transfer is
calculated at the interfaces between them. It is assumed that there is
no heat transfer out of the bottom of the lowest layer. Temperature
measured in kelvin can be converted to degrees Celsius (°C) by
subtracting 273.15.

soil temperature 1
evel 2

Temperature of the soil in layer 2 (7-28 cm) of the ECMWF
Integrated Forecasting System.

soil temperature 1
evel 3

Temperature of the soil in layer 3 (28-100 cm) of the ECMWF
Integrated Forecasting System.

soil temperature 1
evel 4

Temperature of the soil in layer 4 (100-289 cm) of the ECMWF
Integrated Forecasting System.

lake bottom temper
ature

AlOAXNOXOR

Temperature of water at the bottom of inland water bodies (lakes,
reservoirs, rivers) and coastal waters. ECMWF implemented a lake
model in May 2015 to represent the water temperature and lake ice of
all the world’s major inland water bodies in the Integrated
Forecasting System. The model keeps lake depth and surface area (or
fractional cover) constant in time.
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lake ice depth

The thickness of ice on inland water bodies (lakes, reservoirs and
rivers) and coastal waters. The ECMWEF Integrated Forecasting
System (IFS) represents the formation and melting of ice on inland
water bodies (lakes, reservoirs and rivers) and coastal water. A single
ice layer is represented. This parameter is the thickness of that ice
layer.

lake ice temperatu
re

The temperature of the uppermost surface of ice on inland water
bodies (lakes, reservairs, rivers) and coastal waters. The ECMWF
Integrated Forecasting System represents the formation and melting
of ice on lakes. A single ice layer is represented. The temperature
measured in kelvin can be converted to degrees Celsius (°C) by
subtracting 273.15.

lake mix layer dep
th

The thickness of the upper most layer of an inland water body (lake,
reservoirs, and rivers) or coastal waters that is well mixed and has a
near constant temperature with depth (uniform distribution of
temperature). The ECMWEF Integrated Forecasting System represents
inland water bodies with two layers in the vertical, the mixed layer
above and the thermocline below. Thermoclines upper boundary is
located at the mixed layer bottom, and the lower boundary at the lake
bottom. Mixing within the mixed layer can occur when the density of
the surface (and near-surface) water is greater than that of the water
below. Mixing can also occur through the action of wind on the
surface of the lake.

lake mix layer tem
perature

The temperature of the upper most layer of inland water bodies
(lakes, reservoirs and rivers) or coastal waters) that is well mixed.
The ECMWEF Integrated Forecasting System represents inland water
bodies with two layers in the vertical, the mixed layer above and the
thermocline below. Thermoclines upper boundary is located at the
mixed layer bottom, and the lower boundary at the lake bottom.
Mixing within the mixed layer can occur when the density of the
surface (and near-surface) water is greater than that of the water
below. Mixing can also occur through the action of wind on the
surface of the lake. Temperature measured in kelvin can be converted
to degrees Celsius (°C) by subtracting 273.15.

lake shape factor

This parameter describes the way that temperature changes with
depth in the thermocline layer of inland water bodies (lakes,
reservoirs and rivers) and coastal waters. It is used to calculate the
lake bottom temperature and other lake-related parameters. The
ECMWEF Integrated Forecasting System represents inland and coastal
water bodies with two layers in the vertical, the mixed layer above
and the thermocline below where temperature changes with depth.

lake total layer t
emperature

The mean temperature of total water column in inland water bodies
(lakes, reservoirs and rivers) and coastal waters. The ECMWF
Integrated Forecasting System represents inland water bodies with
two layers in the vertical, the mixed layer above and the thermocline
below where temperature changes with depth. This parameter is the
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mean over the two layers. Temperature measured in kelvin can be
converted to degrees Celsius (°C) by subtracting 273.15.

snow_albedo

It is defined as the fraction of solar (shortwave) radiation reflected by
the snow, across the solar spectrum, for both direct and diffuse
radiation. It is a measure of the reflectivity of the snow covered grid
cells. Values vary between 0 and 1. Typically, snow and ice have
high reflectivity with albedo values of 0.8 and above.

Snow_cover % It represents the fraction (0-1) of the cell / grid-box occupied by snow
(similar to the cloud cover fields of ERAS).
snow_density kg/m3 Mass of snow per cubic metre in the snow layer. The ECMWF
Integrated Forecast System (IFS) model represents snow as a single
additional layer over the uppermost soil level. The snow may cover
all or part of the grid box.
snow_depth m Instantaneous grib-box average of the snow thickness on the ground
(excluding snow on canopy).
snow_depth water e m of Depth of snow from the snow-covered area of a grid box. Its units are
quivalent water | metres of water equivalent, so it is the depth the water would have if
equiva| the snow melted and was spread evenly over the whole grid box. The
ent ECMWEF Integrated Forecast System represents snow as a single
additional layer over the uppermost soil level. The snow may cover
all or part of the grid box.
snowfall m of | Accumulated total snow that has fallen to the Earth's surface. It
water consists of snow due to the large-scale atmospheric flow (horizontal
equiva| scales greater than around a few hundred metres) and convection
ent where smaller scale areas (around 5km to a few hundred kilometres)
of warm air rise. If snow has melted during the period over which
this variable was accumulated, then it will be higher than the snow
depth. This variable is the total amount of water accumulated from
the beginning of the forecast time to the end of the forecast step. The
units given measure the depth the water would have if the snow
melted and was spread evenly over the grid box. Care should be
taken when comparing model variables with observations, because
observations are often local to a particular point in space and time,
rather than representing averages over a model grid box and model
time step.
snowmelt m of Melting of snow averaged over the grid box (to find melt over snow,
water divide by snow fraction). This variable is accumulated from the
equiva| beginning of the forecast time to the end of the forecast step.
ent
temperature of sno K This variable gives the temperature of the snow layer from the
w_layer ground to the snow-air interface. The ECMWF Integrated Forecast
System (IFS) model represents snow as a single additional layer over
the uppermost soil level. The snow may cover all or part of the grid
box. Temperature measured in kelvin can be converted to degrees
Celsius (°C) by subtracting 273.15.
skin reservoir con m of Amount of water in the vegetation canopy and/or in a thin layer on
tent water | the soil. It represents the amount of rain intercepted by foliage, and
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equival
ent

water from dew. The maximum amount of 'skin reservoir content' a
grid box can hold depends on the type of vegetation, and may be
zero. Water leaves the 'skin reservoir' by evaporation.

volumetric soil wa
ter layer 1

m3/m?

Volume of water in soil layer 1 (0 - 7 cm) of the ECMWF Integrated
Forecasting System. The surface is at 0 cm. The volumetric soil water
is associated with the soil texture (or classification), soil depth, and
the underlying groundwater level.

volumetric soil wa
ter layer 2

m3/m?

Volume of water in soil layer 2 (7 -28 cm) of the ECMWF Integrated
Forecasting System.

volumetric soil wa
ter layer 3

m3/m?

Volume of water in soil layer 3 (28-100 cm) of the ECMWF
Integrated Forecasting System.

volumetric soil wa
ter layer 4

m3/m?

Volume of water in soil layer 4 (100-289 cm) of the ECMWF
Integrated Forecasting System.

forecast albedo

Is a measure of the reflectivity of the Earth's surface. It is the fraction
of solar (shortwave) radiation reflected by Earth's surface, across the
solar spectrum, for both direct and diffuse radiation. Values are
between 0 and 1. Typically, snow and ice have high reflectivity with
albedo values of 0.8 and above, land has intermediate values between
about 0.1 and 0.4 and the ocean has low values of 0.1 or less.
Radiation from the Sun (solar, or shortwave, radiation) is partly
reflected back to space by clouds and particles in the atmosphere
(aerosols) and some of it is absorbed. The rest is incident on the
Earth's surface, where some of it is reflected. The portion that is
reflected by the Earth's surface depends on the albedo. In the
ECMWEF Integrated Forecasting System (IFS), a climatological
background albedo (observed values averaged over a period of
several years) is used, modified by the model over water, ice and
snow. Albedo is often shown as a percentage (%).

urface latent heat
_flux

Jim?

Exchange of latent heat with the surface through turbulent diffusion.
This variables is accumulated from the beginning of the forecast time
to the end of the forecast step. By model convention, downward
fluxes are positive.

surface net solar
radiation

Jim?

Amount of solar radiation (also known as shortwave radiation)
reaching the surface of the Earth (both direct and diffuse) minus the
amount reflected by the Earth's surface (which is governed by the
albedo).Radiation from the Sun (solar, or shortwave, radiation) is
partly reflected back to space by clouds and particles in the
atmosphere (aerosols) and some of it is absorbed. The rest is incident
on the Earth's surface, where some of it is reflected. The difference
between downward and reflected solar radiation is the surface net
solar radiation. This variable is accumulated from the beginning of
the forecast time to the end of the forecast step. The units are joules
per square metre (J m-2). To convert to watts per square metre (W m-
2), the accumulated values should be divided by the accumulation
period expressed in seconds. The ECMWF convention for vertical
fluxes is positive downwards.
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surface net therma
1 radiation

J/im?

Net thermal radiation at the surface. Accumulated field from the
beginning of the forecast time to the end of the forecast step. By
model convention downward fluxes are positive.

surface sensible h
eat flux

Jim?

Transfer of heat between the Earth's surface and the atmosphere
through the effects of turbulent air motion (but excluding any heat
transfer resulting from condensation or evaporation). The magnitude
of the sensible heat flux is governed by the difference in temperature
between the surface and the overlying atmosphere, wind speed and
the surface roughness. For example, cold air overlying a warm
surface would produce a sensible heat flux from the land (or ocean)
into the atmosphere. This is a single level variable and it is
accumulated from the beginning of the forecast time to the end of the
forecast step. The units are joules per square metre (J m-2). To
convert to watts per square metre (W m-2), the accumulated values
should be divided by the accumulation period expressed in seconds.
The ECMWEF convention for vertical fluxes is positive downwards.

surface solar radi
ation downwards

J/m?

Amount of solar radiation (also known as shortwave radiation)
reaching the surface of the Earth. This variable comprises both direct
and diffuse solar radiation. Radiation from the Sun (solar, or
shortwave, radiation) is partly reflected back to space by clouds and
particles in the atmosphere (aerosols) and some of it is absorbed. The
rest is incident on the Earth's surface (represented by this variable).
To a reasonably good approximation, this variable is the model
equivalent of what would be measured by a pyranometer (an
instrument used for measuring solar radiation) at the surface.
However, care should be taken when comparing model variables with
observations, because observations are often local to a particular
point in space and time, rather than representing averages over a
model grid box and model time step. This variable is accumulated
from the beginning of the forecast time to the end of the forecast step.
The units are joules per square metre (J m-2). To convert to watts per
square metre (W m-2), the accumulated values should be divided by
the accumulation period expressed in seconds. The ECMWF
convention for vertical fluxes is positive downwards.

surface thermal ra
diation downwards

Jim?

Amount of thermal (also known as longwave or terrestrial) radiation
emitted by the atmosphere and clouds that reaches the Earth's surface.
The surface of the Earth emits thermal radiation, some of which is
absorbed by the atmosphere and clouds. The atmosphere and clouds
likewise emit thermal radiation in all directions, some of which
reaches the surface (represented by this variable). This variable is
accumulated from the beginning of the forecast time to the end of the
forecast step. The units are joules per square metre (J m-2). To
convert to watts per square metre (W m-2), the accumulated values
should be divided by the accumulation period expressed in seconds.
The ECMWF convention for vertical fluxes is positive downwards.
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evaporation from b

m of

The amount of evaporation from bare soil at the top of the land

are soil water | surface. This variable is accumulated from the beginning of the
equiva| forecast time to the end of the forecast step.
ent
evaporation from o m of Amount of evaporation from surface water storage like lakes and
pen water surfaces water inundated areas but excluding oceans. This variable is accumulated
_excluding oceans equival from the beginning of the forecast time to the end of the forecast step.
ent
evaporation from t m of The amount of evaporation from the canopy interception reservoir at
he top of canopy water the top of the canopy. This variable is accumulated from the
equiva| beginning of the forecast time to the end of the forecast step.
ent
evaporation from v m of Amount of evaporation from vegetation transpiration. This has the
egetation transpir water same meaning as root extraction i.e. the amount of water extracted
ation equiva| from the different soil layers. This variable is accumulated from the
ent beginning of the forecast time to the end of the forecast step.
potential evaporat m Potential evaporation (pev) in the current ECMWF model is
ion computed, by making a second call to the surface energy balance
routine with the vegetation variables set to "crops/mixed farming"
and assuming no stress from soil moisture. In other words,
evaporation is computed for agricultural land as if it is well watered
and assuming that the atmosphere is not affected by this artificial
surface condition. The latter may not always be realistic. Although
pev is meant to provide an estimate of irrigation requirements, the
method can give unrealistic results in arid conditions due to too
strong evaporation forced by dry air. This variable is accumulated
from the beginning of the forecast time to the end of the forecast step.
runoff m Some water from rainfall, melting snow, or deep in the soil, stays
stored in the soil. Otherwise, the water drains away, either over the
surface (surface runoff), or under the ground (sub-surface runoff) and
the sum of these two is simply called 'runoff'. This variable is the
total amount of water accumulated from the beginning of the forecast
time to the end of the forecast step. The units of runoff are depth in
metres. This is the depth the water would have if it were spread
evenly over the grid box. Care should be taken when comparing
model variables with observations, because observations are often
local to a particular point rather than averaged over a grid square
area. Observations are also often taken in different units, such as
mm/day, rather than the accumulated metres produced here. Runoff is
a measure of the availability of water in the soil, and can, for
example, be used as an indicator of drought or flood. More
information about how runoff is calculated is given in the IFS
Physical Processes documentation.
snow_evaporation m of Evaporation from snow averaged over the grid box (to find flux over
water snow, divide by snow fraction). This variable is accumulated from

the beginning of the forecast time to the end of the forecast step.
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equival
ent

sub surface runoff

m

Some water from rainfall, melting snow, or deep in the soil, stays
stored in the soil. Otherwise, the water drains away, either over the
surface (surface runoff), or under the ground (sub-surface runoff) and
the sum of these two is simply called 'runoff'. This variable is
accumulated from the beginning of the forecast time to the end of the
forecast step. The units of runoff are depth in metres. This is the
depth the water would have if it were spread evenly over the grid
box. Care should be taken when comparing model variables with
observations, because observations are often local to a particular
point rather than averaged over a grid square area. Observations are
also often taken in different units, such as mm/day, rather than the
accumulated metres produced here. Runoff is a measure of the
availability of water in the soil, and can, for example, be used as an
indicator of drought or flood. More information about how runoff is
calculated is given in the IFS Physical Processes documentation.

surface runoff

Some water from rainfall, melting snow, or deep in the soil, stays
stored in the soil. Otherwise, the water drains away, either over the
surface (surface runoff), or under the ground (sub-surface runoff) and
the sum of these two is simply called 'runoff'. This variable is the
total amount of water accumulated from the beginning of the forecast
time to the end of the forecast step. The units of runoff are depth in
metres. This is the depth the water would have if it were spread
evenly over the grid box. Care should be taken when comparing
model variables with observations, because observations are often
local to a particular point rather than averaged over a grid square
area. Observations are also often taken in different units, such as
mm/day, rather than the accumulated metres produced here. Runoff is
a measure of the availability of water in the soil, and can, for
example, be used as an indicator of drought or flood. More
information about how runoff is calculated is given in the IFS
Physical Processes documentation.

total evaporation

m of
water
equival
ent

Accumulated amount of water that has evaporated from the Earth's
surface, including a simplified representation of transpiration (from
vegetation), into vapour in the air above. This variable is
accumulated from the beginning of the forecast to the end of the
forecast step. The ECMWEF Integrated Forecasting System
convention is that downward fluxes are positive. Therefore, negative
values indicate evaporation and positive values indicate
condensation.

u_component of win
d 10m

m/s

Eastward component of the 10m wind. It is the horizontal speed of air
moving towards the east, at a height of ten metres above the surface
of the Earth, in metres per second. Care should be taken when
comparing this variable with observations, because wind
observations vary on small space and time scales and are affected by
the local terrain, vegetation and buildings that are represented only on
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average in the ECMWF Integrated Forecasting System. This variable
can be combined with the V component of 10m wind to give the
speed and direction of the horizontal 10m wind.

v_component of win
d 10m

m/s

Northward component of the 10m wind. It is the horizontal speed of
air moving towards the north, at a height of ten metres above the
surface of the Earth, in metres per second. Care should be taken when
comparing this variable with observations, because wind
observations vary on small space and time scales and are affected by
the local terrain, vegetation and buildings that are represented only on
average in the ECMWF Integrated Forecasting System. This variable
can be combined with the U component of 10m wind to give the
speed and direction of the horizontal 10m wind.

surface pressure

Pa

Pressure (force per unit area) of the atmosphere on the surface of
land, sea and in-land water. It is a measure of the weight of all the air
in a column vertically above the area of the Earth's surface
represented at a fixed point. Surface pressure is often used in
combination with temperature to calculate air density. The strong
variation of pressure with altitude makes it difficult to see the low
and high pressure systems over mountainous areas, so mean sea level
pressure, rather than surface pressure, is normally used for this
purpose. The units of this variable are Pascals (Pa). Surface pressure
is often measured in hPa and sometimes is presented in the old units
of millibars, mb (1 hPa =1 mb = 100 Pa).

total precipitatio
n

Accumulated liquid and frozen water, including rain and snow, that
falls to the Earth's surface. It is the sum of large-scale precipitation
(that precipitation which is generated by large-scale weather patterns,
such as troughs and cold fronts) and convective precipitation
(generated by convection which occurs when air at lower levels in the
atmosphere is warmer and less dense than the air above, so it rises).
Precipitation variables do not include fog, dew or the precipitation
that evaporates in the atmosphere before it lands at the surface of the
Earth. This variable is accumulated from the beginning of the
forecast time to the end of the forecast step. The units of precipitation
are depth in metres. It is the depth the water would have if it were
spread evenly over the grid box. Care should be taken when
comparing model variables with observations, because observations
are often local to a particular point in space and time, rather than
representing averages over a model grid box and model time step.

leaf area index hi
gh vegetation

m2/m?

One-half of the total green leaf area per unit horizontal ground
surface area for high vegetation type.

leaf area index lo
w vegetation

m2/m?

One-half of the total green leaf area per unit horizontal ground
surface area for low vegetation type.
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INPUJIOXEHUE B
JlanHbIEe 0 IMHAMMKE JIeCHOH muiomaau 6acceiinoB ¢ 2000 roaa, M2

Mnowaab NornmbLIMX unn BoipybaeHHbIX necos (ybbiib) No rogam

VALUE_ 0 VALUE_1 VALUE_2 VALUE_ 3 | VALUE 4 VALUE_5 VALUE_6 VALUE_7 VALUE_8 VALUE_9 VALUE_10 VALUE_11 VALUE_12 VALUE_13 VALUE_14 VALUE_15 VALUE_16 VALUE_17 VALUE_18

2553509662.73 1104885.94 968361.22 830313.92 2592447.12 1126709.60 | 3508025.55 2866004.09 | 4618494.29 1299268.72 | 4520034.08 1753505.25 5284877.03 2388421.33 3579079.31 2981212.69 3118244.93 3466915.88 4202829.80
1240434180.26 292335.46 143122.57 209608.59 571982.75 194890.31 719673.07 376077.39 320756.97 153273.11 289797.83 289290.30 321264.49 918623.59 1409402.05 936387.03 936387.03 1792584.82 2229057.90
2416592623.28 1921496.63 1907285.88 360851.59 2359999.83 1724068.69 1565720.32 2280825.64 | 4420051.29 3611561.03 | 3155801.92 2559457.88 6133969.44 3775999.72 7969694.04 3087793.32 2456937.45 5807629.68 15008583.85

IInomans HOBBIX J1ecoB, 2000 1 2019 roas:

VALUE_0 VALUE_1

1242308476.90 | 10221500.65 | Kacha
240777079167 | 7804580068 | Kemchug
257014181743 | 3350370037 | BUZIM
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MNPUJIOKEHUE I
JINCTHHTH MporpaMMHOro Kojaa B o61auHoii cpene EarthEngine ms
M3BJICYEHHUS] M BH3YATU3AIUU JTAHHBIX

I'.1. JIucTMHT MPOrPAMMHOI0 KO/a OCTPOEHUS rPauKa cpeHero
3HAYEeHHS NMapaMeTpa no 0acceiiHy 3a BbIOpaHHbIC OIMH WJIH 1BA MecCsALa
(BBIOOPKA 10 BEKTOPHOMY 00BEKTY)

// Create an ImageCollection from an Earth Engine Table.

var dataset = ee.ImageCollection ("ECMWF/ERA5 LAND/MONTHLY")
.filter(ee.Filter.date('1981-01-01"', '2020-12-31"))
.filter(ee.Filter.calendarRange (12, 12, 'month'));

//select parameter for obteining

var parameter = dataset.select('potential evaporation');

// Limit the collection to the 1 last image.

var last = parameter.sort('system:time start', false).limit(2);
// Limit the collection to the 1 fist image.

var fist = parameter.sort('system:time start', true).limit(2);
Map.setCenter (93.0, 56.0, 5);

Map.addLayer (last, visualizationparam, "potential evaporation");
Map.addLayer (fist, visualizationparam, "potential evaporation");

// create function (*1000)
var multl000 = function (image) {
var mult = ee.Image(0) .expression (
'potential evaporation * 1000', {
potential evaporation: image.select ('potential evaporation'),
1)
return image.addBands (mult.rename ('mult'));

bi

// apply function over collection
var mergedmult = dataset.map (multl000);

var visualizationparam = {

bands: ['potential evaporation'],

min: -0.0050,

max: 0.0,

palette: [
"#000080","#0000D9", "#4000FF", "#8000FF", "#0080FF", "#00FFFF",
"#00FF80", "#80FFO00", "#DAFFOQ", "#FFEFFOO", "#FFF500", "#FFDAOOQO",
"#FFBOOO"™, "#FFA400", "#FF4F00", "#FF2500", "#FFOAQQ", "#FFOOFF",

1}s

var options = {
title: 'mult',
hAxis: {title: 'Date'},
vAxis: {title: 'Value'},
lineWidth: 1,
series: {
0: {color: 'FF0000'}, // NBR
1: {color: 'OOFFOO'}, // NDVI
2: {color: '000OFF'}, // SWVI
| B

//print (Chart.image.series (parameter, Kacha, ee.Reducer.mean(),
30) .setOptions (options));
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//print (Chart.image.series (parameter, Buzim, ee.Reducer.mean|(),
30) .setOptions (options));

//print (Chart.image.series (parameter, Kemchug, ee.Reducer.mean(),
30) .setOptions (options)) ;

//Map.addLayer (dataset.median (), visParams);
// Display shape

/*Map.addLayer (Kacha, {color: 'red'}, 'Name')
Map.addLayer (Buzim, {color: 'green'}, 'Name')
Map.addLayer (Kemchug, {color: 'blue'}, 'Name'

) */

var paramTimeSeries = ui.Chart.image.seriesByRegion ({
imageCollection: mergedmult,
//select region of interest
regions: Kemchug,
reducer: ee.Reducer.mean(),
band: 'mult',
scale: 200,
xProperty: 'system:time start',
seriesProperty: 'label'
1)
paramTimeSeries.setChartType ('ScatterChart');
paramTimeSeries.setOptions ({
title: 'mult',
vAxis: {
title: 'mult'
}y
lineWidth: 1,
pointSize: 4,
series: {
O: {color: 'FFO0O0OO'},
1: {color: 'FFO0O0OO'},
2: {color: 'FFO0000'},
3: {color: 'FFO0000'}

print (paramTimeSeries) ;
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I'.2. JIncTHHT NPOrpaMMHOIO0 K02 BbIBO/JA 3HAYECHHUI1 MAapaMeTPOB B
TEeKCTOBBIN (paili

var aol = ee.Geometry.Point ([93.2856, 56.5076]);
//Map.addLayer (Kacha, {color: 'red'}, 'Kacha');
Map.addLayer (Buzim, {color: 'green'}, 'Buzim');
//Map.addLayer (Kemchug, {color: 'blue'}, 'Kemchug');
// filter the image collection
var dataset = ee.ImageCollection ("ECMWF/ERA5 LAND/MONTHLY")
.filter(ee.Filter.date('2000-01-01"', '2020-12-31"))
.filter(ee.Filter.bounds (aoi)) ;
// Limit the collection to the 1 last image.
var last = dataset.sort('system:time start', false).limit(2);
var visualizationparam = {
bands: ['temperature 2m'],
min: 250.0,
max: 270.0,
palette: [
"#000080","#0000DO", "#4000FF", "#8000FF", "#0080FF", "#00FFFF",
"#00FF80", "#80FF00", "#DAFFOQ", "#FFFFOO", "#FFF500", "#FFDAOO",
"$FFBOOO™, "#FFA400", "#FF4F00", "#FF2500", "#FFOAQQ", "#FFOOFF",
1}
Map.setCenter (93.0, 56.5, 9);
Map.addLayer (last, visualizationparam, "temperature 2m");

var parameters = dataset.select('temperature 2Zm',
'snow_depth water equivalent', 'runoff', 'total evaporation',
'total precipitation');

var data = parameters.getRegion(aoi,306);

// transform the data to a feature collection which can be exported
// keys of the variables are in the first list
var keys = ee.List(data.get(0));

// make a feature collection from all the values from row 1 till end
var featureCollection =
ee.FeatureCollection(data.slice (1) .map (function (singleData) {
singleData = ee.List(singleData);
var dict = ee.Dictionary.fromLists (keys, singleData);
var point = ee.Geometry.Point([dict.get('longitude'), dict.get('latitude')]);
return ee.Feature (point, dict);

1)

var featureCollection = parameters.map (function (image) {

var data = image.reduceRegions (aoi, 'mean',306) .map (function (feat) {

return ee.Feature(feat).set('time', image.get('system:time start'), 'id',
image.get ('system:index"'),
'latitude', feat.geometry () .coordinates().get(l), 'longitude',

feat.geometry () .coordinates () .get (0));

1)

return data;
}) .flatten();

print (featureCollection);
Map.addLayer (featureCollection, {color: 'green'});

Export.table.toDrive (featureCollection, 'exportAsCSv', 'GEE', 'CSVexport', 'CSV');

78



I'.3. JIMCTHHT POrpaMMHOI0 K012 BHIOOPAa JAHHBIX MACKHPOBAHUEM C
NOMOIUBIO pacTpa

// Create an ImageCollection from an Earth Engine Table.
var dataset = ee.ImageCollection("ECMWF/ERAS_LAND/MONTHLY")
.filter (ee.Filter.date('2016-04-01"', '2020-10-31"))
.filter (ee.Filter.calendarRange (4, 10, 'month'));
var parameter = dataset.select ('temperature 2m');
// Limit the collection to the 1 fist image.
var first = parameter.sort('system:time start', true).limit(2);
var visualizationparam = {
bands: ['temperature 2m'],
min: 270.0,
max: 320.00,
palette: [
"#000080", "#0000D9", "#4000FF", "#8000FF", "#0080FF", "#00FFFF",
"#00FF80", "#80FF0OQ", "#DAFFOO", "#FFFFOO", "#FFF500", "#FFDAOQ",
"#FFBOOO", "#FFA400", "#FFAFOO", "#FF2500", "#FFOAQOQ", "#FFOOQFF",
1}:
Map.setCenter (90.0, 59.0, 6);
Map.addLayer (first, visualizationparam, "temperature 2m");
//Masking ERAS5 data using Fires data
var fires set = ee.ImageCollection('MODIS/006/MCD64Al1"')
.filter (ee.Filter.date('2018-07-01', '2018-08-01"'));
var burnedArea = fires_set.select('BurnDate');
var burnedAreaVis = {
min: 30.0,
max: 341.0,
palette: ['4e0400', '951003', 'c61503', '££1901'],
b
var burnMedian = burnedArea.reduce (ee.Reducer.median()) ;
Map.addLayer (burnMedian) ;
var collection ERA5 = parameter.map (function (img) {
return img.updateMask (burnMedian) ;

1)
Map.addLayer (collection_ ERA5, burnedAreaVis, 'collection ERAS');
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I'.4. JIucTHHT NPOTPAMMHOI0 K0/1a BLIOOPA TAHHBIX MACKHUPOBAHUEM C
NMOMOIIbI0 pacTpa

// Define a palette for the 19 distinct years of loss.
var imagePalette = [
"#000080"™,"#0000D9", "#4000FF", "#8000FF", "#0080FF", "#00FFFF",
"#00FF80", "#80FFOO", "#DAFFOO", "#FFFFOQ", "#FFF500", "#FFDAOO",
"4#FFBOOO", "#FFA400", "#FF4F00", "#FF2500", "#FFOAQQ", "#FFOOFF"
1:
// Specify the min and max labels and the color palette matching the
labels.
Map.addLayer (image,
{min: 0, max: 19, palette: imagePalette},
'forestloss');
function maskL8sr (image) {
// Bits 3 and 5 are cloud shadow and cloud, respectively.
var cloudShadowBitMask = (1 << 3);
var cloudsBitMask = (1 << 5);
// Get the pixel QA band.
var ga = image.select('pixel ga');
// Both flags should be set to zero, indicating clear conditions.
var mask = ga.bitwiseAnd(cloudShadowBitMask) .eq(0)
.and(ga.bitwiseAnd (cloudsBitMask) .eq(0));
return image.updateMask (mask) ;
}
var dataset = ee.ImageCollection ('LANDSAT/LC08/C01/T1l_SR')
.filterDate('2020-01-01', '2020-03-31")
.map (maskL8sr) ;
var visParams = {
bands: ['B4', 'B3', 'B2'],
min: O,
max: 3000,
gamma: 1.4,
bi
Map.setCenter (90.0, 60.03, 10);
Map.addLayer (dataset.median (), visParams);
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MPUJIOKEHUE [{
JIMCTHHT MPOrpaMMHOIO KOJa BHIYUCJIEHHS CYMMbI 3HAYEHUIl IapaMeTpPoB

// Create a ImageCollection from an Earth Engine Table.

var dataset = ee.ImageCollection ("ECMWF/ERA5 LAND/MONTHLY")
.filter(ee.Filter.date('2013-01-01"', '2020-12-31"))
.filter (ee.Filter.calendarRange (3, 11, 'month'));

var parameter = dataset.select('runoff');

// Limit the collection to the 1 last image.

var last = parameter.sort('system:time start', false).limit(2);

// Limit the collection to the 1 fist image.

var fist = parameter.sort('system:time start', true).limit(2);

// Create function (*1000 - millimeters)
var multl1000 = function (image) {
var mult = ee.Image (0) .expression (
'runoff * 1000', {
runoff: image.select ('runoff'),
)
return image.addBands (mult.rename ('mult mil'));

}s

// Second, apply function over collection
var mergedmult = dataset.map (multl000);

// Create function (*30 - number of days in month, *1000 - mlm)
var mult30 = function (image) {

var mult = ee.Image(0) .expression (

'runoff * 30*1000', {
runoff: image.select ('runoff'),

)

return image.addBands (mult.rename ('mult mil mon'));
}i

// Second, apply function over your collection

var mergedmult = dataset.map (mult30);
var visualizationparam = {
bands: ['runoff'],

min: 0.0,
max: 0.0015,
palette: [
"#000080","#0000DO", "#4000FF", "#8000FF", "#0080FF", "#00FFFF",
"#00FF80", "#80FFO00", "#DAFFOQ", "#FFEFFOO", "#FFF500", "#FFDAOOQO",
"#FFBOOO", "#FFA400", "#FF4F00", "#FF2500", "#FFOAQQO", "#FFOOFF",
11}
Map.setCenter (90.0, 60.0, 6);
Map.addLayer (last, visualizationparam, "runoff");
Map.addLayer (fist, visualizationparam, "runoff");

Map.addLayer (buz _moth, {color: 'red'}, 'Name');

var paramTimeSeriesl = ui.Chart.image.seriesByRegion ({
imageCollection: mergedmult,
regions: buz moth,
reducer: ee.Reducer.mean(),
band: 'mult mil mon',
scale: 200,
xProperty: 'system:time start',
seriesProperty: 'HYBAS ID'
1)
paramTimeSeriesl.setChartType ('ScatterChart');
paramTimeSeriesl.setOptions ({
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title: 'runoff mm',

vAxis: |
title: 'runoff mm'

b

linewWidth: 1,

pointSize: 4,

series: {
3050415020: {color: 'FFOOOO'},
3050424160: {color: 'OOFFO0O0'},

}

)

print (paramTimeSeriesl) ;
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