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OnuncaHue rmgponornyeckoro UuKrna cywm B Mmogensax
3eMHOU CUCTEMbI: aKTyaribHOCTb U NpPoonemMbl

Idsonouna mogeneun gearenbHoro cnos cywu (Land Surface Models, LSMs)

i Vegetation
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rentice et al., 2015

1st LSM generation: 2"d LSM generation: 3rd LSM generation: 4th LSM generation:
Manabe’s Deardorff's model (1978), VIC (Liang et al., 1996), Sellers et al., 1997
bucket model BATS TOPLATS Pitman, 2003

(1969) (Dickinson et al.,1986) Famiglietti, Wood (1994) Prentice et al., 2014

SiB Sellers et al. (1986) NOAH (Chen et al., 1996)  Stepanenko et al., 2016,

INbikocos, ManarvH, 1978 BonoauH, Jlbikocos, 1998 2019
CoBeplueHcTBoBaHne mogenen CC akTyanbHO He TOSbKO AN YTOYHEHUS ero
BKNaga B AMHAMUKY KNUMaTU4YeCKON CUCTEMbI, HO 1 BBUAY pacCLUMpPeHnd
ncnonb3oBaHusa mogernen 3C Kak MHCTPYMEHTA OLEHOK BITUAHUS N3MEHEHUA KnNnuMmaTa
Ha NPUPOAHble CUCTEMbI CYLLWN, SKONOTMYECKNX U colmanbHO-3KOHOMMNYECKNX
nocneacTtBUn 3TuX N3MeHeHun



OnucaHue rmaoposfiorn4eCKoro HukKria Cyuim B Mmoaensx

3eMHOU CUCTEMbI: aKTyaribHOCTb U NpPoonemMbl

OnucaHne NpPoLEeCccoB rMapPONOrM4YecKoro LMkna cylim B Mmoaensax 3eMHOM CUCTEMbl HEPEKO
yrpoLLEHbl MO CPaBHEHMIO C NapamMeTpu3aLmsaMm NPoLIECCOB B aTMocdepe 1 okeaHe, YTo
NPOSIBNSIETCH B CYLECTBEHHbIX MOrPEeLHOCTAX OLLEHOK U pOoCcTe HeonpeaerieHHOCTH
cLeHapHbIX NPOrHO30B NMAPOSIOrMYECKMX XapaKTepucTuk. [Npexae Bcero, 3To OTHOCUTCS
K OLleHKaM CE30HHbIX M3MEHEHUI PEYHOro CTOKa Ha permoHanbHOM MacluTtabe. U
OoTCTaBaHWe B 3ToM obnacTu He NPeoaoneHo 3a nocnegHue OecATUneTus

(a) | From 21 global models
1997 rop, - < LETEs. 0™ (12 climate models
“The annual total local runoff is "X e At g Lrogl CMIPS, 6 global
systematically underestimated by all but o PN \ axdrgligm llcrsol\ﬂfﬁ: ’
one of the participant models. This is one "'% (2 N Global Land Data
of the few significant biases between the ; Assimilation System
consensus of participant models and the Oeeahen (ihzfril ‘no model
observations.” (Wetzel et al., 1997) o | zatisfactor"y in
.................................... = aa;:y% 5% j;,:“"" é;@&v%;%%&%n_a = :: rlf‘);l; frlt r: 3 r::(l';f (al-l n onuu ::
2022 rop - i L al., 2023)
“Compared with CMIP5 models, CMIP6 ‘%& ot Py
models have less uncertainty on the 4 ”
global scale, but it has not made SITED
outstanding progress on the basin scale”
(Guo et al., 2022) % o .8 B G 1 B B A4 oE
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3eMHOU CUCTEMbI: aKTyaribHOCTb U NpPoonemMbl
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OnuncaHue rmaponornyeckoro uukKna cywm B Mmogensx
3eMHOMU CUCTEMbI: aKTyasfibHOCTb U NpoofemMbl

KnumaTtnyeckas posrib pe4Horo ctoka

Units in thousands of km?® per year

Mo oueHkam IPCC ARG 38% ot el i
rno6anbHON KNMMaTUYECKoiA Ay i
120+10% 424+10%
HOPMbI 0CaKOB COCTaBMSET CTOK *\\ S\ SN
4
PEK B OKeaH, a B HEKOTOPbIX ' B \ "BRS
o andi Land fior
permoHax pe4yHom CTOK aidash (g i 77 1

npesbiwaeT 50%,T.e. HOPMbI
CYMMapHOro ncnapeHus u
PEYHOro CTOKa OLEHNBAKOTCS
BrIN3KUMM BENUYMHAMM.
YuunTbiBas cCpaBHUTENLHO echarge 13:
BbICOKYIO TOYHOCTb U BorbLioe resh groundwater discharge 0.26:90% IPCC, 2022
YUCIO AAHHbIX O PEYHOM CTOKE
MOXHO yTBepXaaTtb, 4YTO

Region Area (1,000 km?) Precipitation (mm) Precipitation (km®) Runoff (mm) Runoff (km?) Runoff coefficient
TOYHOCTb pacq eTa MOJJ.eﬂ bIO Global 133,406.7 777.4 103,709.8 358.9 47,884.0 0.4617
ncc Ha6.r| lOﬂaeMorO pequrO Asia 43,296.6 632.9 27,401.4 313.4 13,571.2 0.4953
» Europe 9814.6 651.4 6392.9 296.4 2908.9 0.4550
CTOKAa MOXEeT CINIYXUTb Mepou Africa 30,206.6 666.7 20,137.3 2299 6944.4 0.3449
North America 23,281.8 678.6 15,798.1 323.8 7538.0 0.4771
TO4YHOCTHU Mo,ﬂen 4 po BaHUA South America 18,039.5 1518.3 27,388.6 770.3 13,896.0 0.5074
BnarooﬁMeHa cv|_u|/| C Oceania 8767.7 751.8 6591.5 345.1 3025.6 0.4590

Minimum 632.9 0.3449

< ) 229.9
aTMm OCd)GpOVl Maximum 1518.3 Liang, Greeng, 2020 0.5074
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KnumaTtunyeckas ponb pe4HOro CtToka: nepeHoc yrrnepoaa v ammccus yrrepoga c
BOAHOM NOBEPXHOCTHU

0-10
10-20

'& 20-35 .
1,000-2,000 \ .45-, 35-60 % “#._ Tropical
2,000-3,000 " oy 60-100 ) " s
>3.000 CV.(%)-—— -

CO, efflux ~,, CO, efflux ¥ STt
."'1.‘.-

(@C m2yrT)

Fluvial CO2 emission varies between 112 and 209 Tg of carbon per month. Annual fluvial CO2
emission to terrestrial gross primary production (GPP) ratio is highly variable across regions,
ranging from negligible (<0.2%) to 18%. (Liu et al., 2022)

This highlights the importance of hydrology, in particular water throughput, in terrestrial—
fluvial carbon transfers and the need to account for this effect in plumbing the terrestrial

carbon budget.
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BLUEPRINT FOR A PHYSICALLY-BASED,
DIGITALLY-SIMULATED HYDROLOGIC RESPONSE MODEL

R. ALLAN FREEZE

Inland Waters Branch, Department of Energy, Mines and Resources,
Calgary, Alberta, Canada

and
R. L. HARLAN
Forestry Branch, Departiment of Fisheries and Forestry, Calgary, Alberra, Canada

Abstract: In recent years hydrologists have subjected the various subsystems of the

hydrologic cycle to intensive study, designed to discover the mechanisms of flow and to

arrive at physical and mathematical descriptions of the flow processes. As a consequence,

meaningful results are now available in the form of numerical solutions to mathematical

boundary value problems for groundwater flow, unsaturated porous media flow, overland

flow, and channel flow. These developments in physical hydrology, together with the

tremendous advance in digital computer technology, should provide the impetus for a

necessary redirection of research in hydrologic simulat

the development of physically-based hydrologic respon: a ﬁ{p
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In the mid-1980s, the first in th
former USSR physically-based
distributed modelling system was
developed in the WPI RAS. In the
table, the examples of equations
that were used to reproduce the
processes of river flow generation
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COBepLIJeHCTBOBaHVIe onnucaHunsAa rmapoJsyiorn4eCKux
npoueccoB B MoAeNnAX AeATesNibHOro CJsfiosd CyLum

l

l

l

1. Pa3Butue mogeneu
oTAesNbHbIX
rMAaposIornYecKknx
npoueccos

1.1 BepTukanbHbIv Tenno-
BnaronepeHoc B Mep3rou
no4yse C y4eTOM BNUAHMUA Nbaa
N NepeoxnaKaeHHOoW Braru.
1.2 DopMUPOBaAHNA CHEXHOIO
NMOKpOBa M CHerotTasiHnA nog,
nonorom rieca

1.3 TnapoTepMmnYecKknin pexxmu
CE30HHO Taroro cnos B 30He
MHOrOSIETHEN MEP3SIOThI

1.4 TennosnaroobmeH no4ysbl C
aTMocdrepou rnog nosorom
neca

1.5 ®opmupoBaHue
NegHUKOBOrO CTOKa C y4eTOM
oporpaduyeckon
COCTaBnAKOLLEN OCAOKOB B
rOPHbIX panoHax.

2. Pa3zButune metogos

3. PazButne metoaos

napamMmeTpu3auuvm OLEeHKM napamMeTpoB
NPOCTPAHCTBEHHON N TeCTupoBaHuA
NM3MEeH4YUNBOCTHU MoAaenu
rmaponorn4eckKkux
npoueccoB
2.1 fetanusauus 3.1 3agaHve
NMPOCTPaHCTBEHHOTIO MMAPODU3NYECKUX

paspeLleHns XxapakTepuUcTuK
noacTunarowen NoBEPXHOCTH
2.2 NooceTo4yHas USAMEHYMBOCTb
3anacoB BObl B CHEXXHOM
NOKpoOBE.

2.3 [NogceTodHasaA U3BMEHYMBOCTb
BMMTbIBAIOLLEN CNOCODOHOCTH
NMOYBOrPYHTOB.

2.4 lepexop K
«NpUpoAoNoao6HbLIMY
pacYeTHbIM CETKaM Ha OCHOBE
rMAPONOrM4YeCcKon KoHUenumnm
aNeMeHTapHbIX

NMAOAOANMNAYXAOLITATIADLILIY Dﬁl’lﬁf‘ﬁf\hf\n

napamMeTpoB He3amMep3LLeN n
MEpP310M MNOYBbI MO NOYBEHHO-
rMMOPONOrnM4YECKMM KOHCTaHTaMm
3.2 MeTtoabl Bepudmkaumm
MoAenu nNo AaHHbIM
HabngeHn 3a PEYHbIM
CTOKOM M apyrnumm
rMOPONOrn4yecKUMn
Xapakrepuctmkamm (B T.4. no
JAaHHbIM HabnogeHU Ha
9KCrnepuMeHTanbHbIX
Bogocbopax).




Mopaenb aeatenbHoro cnoa cywum ABM PAH-MI'Y

(TerM)

Radiation

Evaporation

fluxes Precipitation T

Snowmelt

Vertical
eee diffusion

and inflitration

. v

‘ Bottom infiltration to runoff

Heat and moisture exchange in a cell of
INM RAS-MSU land surface model

CMIP_&

The World Climate Research Programme’s
Coupled Model Intercomparison Proj

INM RAS-MSU land surface
scheme

Global
numerical
weather
prediction SL-
AV model

Climate model of
Institute of
Numerical

Mathematics
(INMCM)

U Heat, moisture, water vapor and ice dynamics in soil
(23 layers)

U Snow cover with liquid water treatment (4 layers)

U Transpiration and photosynthesis by vegetation

U Wetland CH, model

W LAKE model

U River routing scheme

(1 Standalone version resolutionis 0.5 x 0.5 deg.

U GLCC global land cover data

Mopenb [1CC TerM obnagaet psagaomMm npenmyLlecTs nepeq MHOrMMU BeEQYLMMU MOLENSIMU
9TOro Knacca, B YaCTHOCTU, UMEET BbICOKOE BEPTUKASIbHOE pa3peLleHne, BKIoYaeT
YHUKanbHbIe Moaenn bnoreoxmmMmmnm BHyTPEHHUX BogoeEMOB (Stepanenko et al., 2016) n
TepMmorngpoamHamukn pedHom cetn (CtenaHeHko u ap., 2019). Mogenb peanusoBaHa ans
MHOIOSIAEPHbIX BbIYUCIUTENBHbBIX CUCTEM C UCMOSb30BaHMEM MTMOPUOHON TEXHONOMNU
MPI+OpenMP, 4To No3BoONSET NPOBOAUTL MACCOBbIE PaCcYEThLl HA CYyNnepKoOMMNbOTEPaX.
HecMoTpsa Ha cywecTBeHHbIN Nporpecc, AOCTUNHYTbIN B NocneaHue roabl, 3agada
pa3Butusa rmgponornyecknx onokos mogenu [JCC ocrtaetca akTyaribHOM



CoBeplwieHCTBOBaHME ONUCAHUA TMOPONOrnYecKux
npoueccoB B mogenu TerM

l

l

l

1. Pa3Butue mogeneu
oTAesNbHbIX
rMAaposIornYecKknx
npoueccos

1.1 BepTukanbHbIN TEMNMo-
BnaronepeHoc B Mep3rion
NoYBeE C YY4ETOM BNUSHMSA Nbaa
N nepeoxnaxageHHom Bnaru.
1.2 DopMmnpoBaHmNSA CHEXXHOIO
MOKpOBa N CHeroTasiHMs noA
nonorom feca

1.3 TnapoTepMmnYecKknin pexxmu
CE30HHO Taroro cnos B 30He
MHOrOfIeTHEN Mep3noThl

1.4 TennoBnaroobmeH no4yBbl C
aTMocdrepou rnog nosorom
neca

1.5 ®opmupoBaHue
NegHUKOBOrO CTOKa C y4eTOM
oporpaduyeckon
COCTaBnAKOLLEN OCAOKOB B
rOPHbIX panoHax.

2. Pa3zButune metogos

3. PazButne metoaos

napamMmeTpu3aumm OUEeHKU napamMeTpoB
NPOCTPaHCTBEHHOW n TeCTupoBaHuA
NM3IMEeH4YNBOCTU Mogenum
rmapos€iorn4eckKkux
npoueccoB
2.1 Aetannsauns 3.1 3agaHue
NPOCTPaHCTBEHHOIO MMAPOU3NYECKUX

paspeLleHns XxapakTepuUcTuk
noacTunarowen NoBEPXHOCTH
2.2 NogceTo4Hast USAMEHYMBOCTb
3anacoB BObl B CHEXXHOM
NOKpOBE.

2.3 [NogceToMHaaA U3MEHYMBOCTb
BMUTbIBAIOLLEN CNOCODOHOCTH
NOYBOIrPYHTOB.

2.4 lepexop K
«NpUpoAoNoao6HbLIMY
pacyeTHbLIM CETKaM Ha OCHOBE
rMaposiorM4Yeckon KoHuenuum
arieMeHTapHbIX

NMAOAOANMNAYXAOLITATIADLILIY Dﬁl’lﬁf‘ﬁf\hf\n

napameTpoB HE3aMepP3LLEN U
MEpP3r10M NOYBbI MO NOYBEHHO-
rMMOPONOrnM4YECKMM KOHCTaHTaMm
3.2 MeTtoabl Bepudmkaumm
MoAenu nNo AaHHbIM
HabngeHn 3a PEYHbIM
CTOKOM W ApYyrnMu
rMOPONOrn4yecKUMn
Xapakrepuctmkamm (B T.4. no
JAaHHbIM HabnogeHU Ha
9KCrnepuMeHTanbHbIX
Bogocbopax).




Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC
1.Pa3zsumue mooderieli omoesibHbIX 2UOpOr1I02UYEeCKUX MPOoUECcCo8: rnpumepsb!

MogennpoBaHue BEPTUKASIbHOIO TEMJO- B1aronepeHoca B MeEP3S10M MNo4YBe

ow a(q,, + D; 1. UncneHHble (KyumeHT 1 Op.,
Pw o =~ Wa ) W=60+—I+ % 1983) n nabopaTtopHble
Z Pw Pw (KantoxHbin, INaenosa, 1981)
oT aqr oT oT 01 3KCNEPUMEHTBLI, TEOPETUYECKME
Ceff 37 = 5, \wiwg, + Cﬁh% + LyRy,0 + PiLia OLLEHKM NoKa3anu, YTo BIUSIHUEM
nepeHoca BOAAHOro napa Ha
Cxema pacueTos rMaopoTepMmNYECKNn pexmm

PDFs (Saxton, Rawls, 2006)

Mep3sibIX MOYBOrPYHTOB MOXHO
npeHebpeyb (BNUAHNE 3aMETHO
NULLb MPU O4E€Hb HU3KNX
BNa)XHOCTSX U TeMnepartypax)

;1 R 2. OUeHKM NOTOKOB TeMnna 1 Bnaru
@ MouseHHo- Hanbornee YyBCTBUTENbHbI K CNOCOOY

ruaponornteckue — 3agaHuAa ruapodpusnyeckKmnx

koHcTaHTkl (HB, B3...)

napamMmeTpoB Mep350oM NoYBbI.

OrrX Hezamepa3wen NoYBLI

Ol'’X mepanon no4sbl » KntoyeByto posib urpaet Metog ux
Yy =r(6,T); R AN napameTpu3aLmm C YHETOM CoAepKaHus
ng:&;"g:":ﬁ ey <::| o LN beten v Nba W NepeoxnaxaeHHoN Bnarm
6= 0(T) . l\ (MoTosurios, 1977; Gelfan 2006, 2008)




Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC
1.Pa3zsumue mooderieli omoesibHbIX 2UOpOr1I02UYEeCKUX MPOoUECcCo8: rnpumepsb!

MoaenupoBaHne dopMUpPoBaHNA CHEXXHOIO NOKPOBA HA OTKPbITON MECTHOCTU U NMoAd NOMOrom
neca 1. B rmgponornyecknx Mogensix, Kak npasusio,
y T ) 02T ATy npeanosniaraeTcs, YTo NpoLecchl TepMmmuyeckon andpdysmm
+(1 ~MDou gy Debn gy HDsp n) ( BOASAAHOrO Napa B CyXOM CHere He OKa3sblBaloT 3aMETHOro
by + (1 = M pts] %fLO\c + LaDupl) ?;Z D i 222;2:? nHOaCVI3MeHeHVIe ero rmapo- n Tennou3n4eckmnx
; - paBHEHMIO C NpoueccamMn ero ynioTHEHUS

S i )](ar) N 9pc 3T (OIp | - (Motovilov, 1985). 9Ta runotesa TpedbyeT 4ONOSTHUTESTLHOM
S 0z 3z | 8 npoBepku anst moaenu ACC

—

- 2. CywiecTBeEHHOE BNUSIHME Ha NPOLECChl HAKOMIEHUS CHera
S, S, Geaopy wind - Snowfall [Rainfall - focoming - Open"*! nog, MOMOrom fieca okasblBaeT 3ajepxaHne TBepabiX 0CaLKoB,
‘ " NPOLLECChl BO3rOHKM U TastHUA CHEra Ha KpoHax JepeBbEB
| | | (enoBbin nec 3agepxmBaeTt 0o 60% ocaakos). [NepcnekTnBHLIN
1 I |
|

nyTb passutna mogenu [JCC — BBegeHne HOBbIX COCOGOB
napameTpusauuv 3agepxaHus C y4eTOM U3MepsieMbIX
| napameTpoB pactutenibHocTu (Hedstrem, Pomeroy, 1998;

f % " Gelfan et al., 2008)
l‘:‘lelt I;

Watr ,fti?;n v 3.OLeHKN CHeroTasaHua nop rnosiorom rneca Hambonee
1 ]a;u MT J;%é_ﬁ)a/BCTBMTeJ'IbeI K cnocobam napamMmeTpusauum pagnaLnoHHOro
= / naHca Ha NOBEPXHOCTU CHEXHOIro nokposa (0COBeHHO
|

WAV

= Transmitted

Shortwave /@
Snowecover Forest

Mass ]

—— Snoweover Open hariaHca ANMMHHOBONHOBOW paguaummn). [NepcnekTuBHbIN NyTb
pasBUTUA MOAENN — BBeAeHNe HOBbIX cnocoboB
napameTpusauum pagmaumoHHbIX MOTOKOB C y4Y4eTOM
n3MepsieMbiX NapamMeTpoB pacTUTESIbHOCTHU




Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC

2. CosepuweHcmeogaHue Memo0os orucaHusi noocemo4yHou uameH4Yusocmu
xapakmepucmuk rioocmurnarouwel nogepxHocmu (U3MeH4YU80CMb
8/1a20MMP0OBOOHOCMU 1048bI 8 30HE a3pauuu)

dopmMmunpoBaHme NOBEPXHOCTHOIO CTOKa B n3BeCTHbIX moagensx CC

QS(_] —Fsqt JNAX (0, Px—lmax )

mHou MH(pUﬂbmanOHHbla MexaHUu3Mm effective hydraulic conductivity (K) during dry periods
mexaHu3m (Dunne ¥ ;‘ 2
(Horton runoff) }, ma ol
Runoff) IR U o SR ey
o e ~% A D
a ’ 5‘: r - v P : ¥ e o
$oF_ ""‘j"l: 40°N y, IR LAY _“',‘ . i ‘.”.“”-‘": “
SA] >~ 1 v P . AT u"";'.?}
VA4 i TR R e e '-.:5"'.. - N
: I- :.‘..-- 2 357N “‘- l. % e F‘— ,":‘.’:“ ' -"; ’w'm r"-‘k.'- t'-
oP .: 5n r‘ “- ‘._‘. -.:.“ .‘.' -t! S
son; 10g10(K) e "Txf?'-(t"i'ﬂ" .
: B v
I -2 ":'L at
River 250N -4 a \
= 120°W 110°W 100°W oW 80°W
Groundwater ‘ /

KoadpdumumeHT punstpaumn,
yCpeaHEHHbIN No nnowagsam

Bogocbopos Ha Tepputopun CLUA (cp.
HaMHOro 6onblLue MHTEHCUBHOCTN OCaKOB Px. 3HadeHune 136 cm/cyT) Tashie et al., 2021

To ecTb, Npy 3ag4aHUN rMAPaBNINYECKON NPOBOAUMOCTU NOYBLI
0e3 yyeTa ee noaceTo4YHON HEeOAHOPOAHOCTU
MHUNBLTPALMOHHbLIAN CKNOHOBLIU CTOK B Mmoaenu AICC 6yaert
paBeH HYIIo

YcpeaHeHHas no nnowaan S4enkm BAuTbiBatoLas cnocobHOCTb
MOYBbI Imax, Anga nogasnstoLlero 6onbLWMHCTBA TUMOB NOYB,




Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC
2. CosepuweHcmeogaHue Memo0os orucaHusi noocemo4yHou uameH4Yusocmu
xapakmepucmuk rioocmurnarouw,et nogepxHocmu (UsMeH4YU80CMb
8/1a20MMP0OBOOHOCMU 1048bI 8 30HE a3pauuu)

I'IepemeHHaﬂ Oon4d HaCbILLI,eHHOI/I NMo4BbI
Fsar = Fsqt (Py) = j f(x)dx

f(x) - pyHKLMA nnomocm pacnpeneneHus
rmyOuHbl Bogoynopa

0E 1.0
]
e,

(.5

0.4

0.0 02
I

] ] ] ] |
[ 11 200 ) [} 20 &l
MmybuHa Bogoynopa, cm

T Mo ToW e cxemMe paccyYnTbIBAETCS
nepemMeHHas nnouwagb, Ha KOTOPOW
doopmupyetcs UHPUNLTPALUOHHLIN
CTOK (MO pacnpeneneHunio
BEPOATHOCTUN KO3pdpuumeHTa
dounneTpaumn)



Pe3ynbTaTthl COBEpPLIEHCTBOBaHNS NapamMmeTpusaumnm

rmaporiornyeckux npoueccoB B mogenu TerM (MHoroneTtHue

NM3MeHeHunsA 3anacoB BoAbl B CHEXXHOM nOKpOBE)

250

/L

-

s____-/k

U

\.

200

150

100
5

250

-

|

AH

Jr.

/Jb“

S B 8 B8 °
[Q\] — —



Cnoii cToka, MM

Cnoi cToka, MM

Pe3ynbTaThbl cCOBepLIEeHCTBOBaHUA NapamMeTpusaummn
rmaporiornyeckux npoueccoB B mogenu TerM (MHoroneTtHue
U3MEHEeHUSA CP.MeCAYHOro pe4yHoro CToKa)

CymoyHsIl crioli cmoka, MM, 2008-2020

9
g p. CesepHasa [1BuHa bias = +0.21 mm, NSE = 0.45
7
6
5
4
3
2
0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
log
18
12 p. Mevopa bias = -0.03 mm, NSE = 0.47
12
10
8 — TerM, ¢ mogncmkaymamm
6 ' l l ——— HabnopeHus
- ' ! | TerM, ucxogHas
2 ‘ i * ! \ 4 5
0 LA ; IR ak® O | V
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Fap Simulating Snowmelt Floods on the Rivers of the Northern Part

of the East European Plain by the TerM Land Surface Model

A L Medvedev™* *, V. M. Stepanenko® *=9, A, M. Gelfan™°, and V. Yu. Bogomoloy™"



Pe3ynbTaThbl cCOBepLIEeHCTBOBaHUA NapamMeTpusaummn
rmaporniorndyeckux npoueccoB B mogenu TerM (knumaTtn4yeckue

rmgporpadbl)
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Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC
3. [lepexo0 om peayrspHOU WuUpOmMHo-00/120mMHOU CEMKU K cxeMamu3auuu

ariemMeHmapHbIMuU 8o0ocbopamu, WUPOKO ucnonb3ye/vlou 8 2U0posIo2uU4eCKoOM
MooesiuposaHuU.

fodel Dev., 7, 947-963. 2014
xci»nmdcl-dc\xnc[ 7/947/2014,
94/gmd-7-947-2014

(s) 2014. CC Atribution 3.0 License.
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]

ybasin-based framework to represent land surface processes in
wrth system model

fa', H.-Y. Li', L. R. Leung', M. Huang', Y. Ke?, Y. Sun®, and Y. Liu'

BEagatasnanEgs

Geosci. Model Dev., 10, h?‘—hh& 2007
‘W, i-model-dev.net/ VST 32017/
10- 7_‘-_.

Exploring new topography-based subgrid spatial structures for
improving land surface modeling

Teklu K. Tesfa and Lai-Yung Ruby Leung

CxemaTunsauua sogocbopa u
pPEeYHOWN CEeTN Ha perynsapHoun
ceTke mogenu [1ICC

Development and performance of a new version of the OASIS
coupler, OASIS3-MCT_3.0

Anthony Craig, Sophie Valcke, and Laure Coquart

X SN R G

It have been argued (Fan et al., 2015, 2019; Subln et al., 2014; Swenson et al. , 2019) that landscapes
might be tiled according to ° hydrologlcal response units” (HRU) which attempt to capture the dynamics of
lateral water drainage, and thus the nonlinear impacts on hydrological and ecological processes downstream

from the simulated topographic convergence of moisture. Such schemes define HRUs in terms of fractions
Nnf 2 Arid rall and thiie ~ran renrcacant hiillk nronarticae of bhvAdrnlacical vvariation withoir it incraacina



Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC
5. CosepuwieHcmeogaHue mMemoooe8 3adaHus rnapamMempos. u.rnposepkKu.,
mooderelu

Operational testing of hydrological simulation

del
Nepapxmnyeckas cxema TECTUPOBAHUSA MOOENM moces
CTaumoHapHble HecTauuoHapHble Wationai Hudrology Research Institute,
VCﬂOBMﬂ VC”OBMﬂ ii};:;g;;ment Canada, Ottawa, Ontario, Canada
= : : E“ma;i/ijc'hangfo( ig%)?/ 11%3;;652;] 359530
ttps://doi.org/10. S -020- -z

= . Differential
, &5 Split-sample split-sample ®
£ g 5 teSt p p Does a successful comprehensive evaluation increase o
Io 0 test confidence in a hydrological model
Qm = intended for climate impact 7
I intended for climate impact assessment?

- Alexander Gelfan, et al. [full author details at the end of the article]

< PrOXy basin Testing the robustness of the physically-based

) = = " L . .

=9 Proxy.basm differential ECOMAG model with respect to changing
o & l?._n“ test lit | conditions
% S > A. Gelfan, Yu Motovilov, I. Krylenko, V. Moreido & E. Zakharova
5'Q © test
g ITo

How the performance of hydrological models
relates to credibility of projections under climate
change

Valentina Krysanova, Chantal Donnelly, Alexander Gelfan, Dieter Gerten,
Berit Arheimer, Fred Hattermann & Zbigniew W. Kundzewicz

XN 0T ST, Wisker Mancarcey, 300K, Fol. 43, Suppd 1, pp. KRS0 . O Pletadie Pubiiing, i, 30 &
X

Validation of a Hydrological Model Intended for Impact Study:
Problem Statement and Solution Example for Selenga River Basin

A MI T bt B ord T T Bl b il e @ W




3aKn4uTernbHble KOMMeHTapumn

[TlepcneKkTuBbl pasBUTUA Modenen eAaTenbHOro Crios CyLuu cBA3aHbl, B
onpeaeneHHon cteneHn, C YCBOEHMEM OOCTUXKEHMN B obnacTu
rmgponornyeckoro mogenuposaHus. CkoopanHnpoBaHHbIe YCUNUA
cneunanncToB B obnactu moaenmMpoBaHMAa 3eMHON CUCTEMbI U
rmaponornm Cywim MoryT paclumpuTb BO3MOXHOCTU NPOrHO3MpoBaHUA
LUKNa 3Hepruun, yrnepoaa n nutaTtesibHbIX BellecTB, Y4YUTbIBas
dyHaaMeHTanbHYK porib rMAPOSIOrM4ecKuUxX npoueccoB B
perynupoBaHuUM 3TUX LLUKNOB.

YUeT TexX UMnm HbIX rMaporiorMyecknx napamMeTpmsaunm — HeTpmBmarnbHas
npobrema, NoCKOSbKY B CUITY pasfnynin pellaemMbix 3agady, onpeaenarLwmx
CTPYKTYPY Mogenen, 3Ha4nMMoCTb N AeTanbHOCTb ONMUCaHUA OTAENbHbIX
npoueccoBs, rMagposriorMyeckmue mogenn u Mmogenu AeATesribHOro cros
CYLUU CYLLEeCTBEHHO pa3fin4yaroTca TpeboBaHUAMU K UCXOOHOMU
nHdopmMaumun, K ee NPOCTPaHCTBEHHO-BPEMEHHOMY pa3peLUueHUto,
noaxoaamm K 3agaHuUIO napamMeTpoB, MeTogamMu Bepudpukaumm moaenen

n ap.



Cnacnbo 3a BHUMaHue



«Development, evaluation, verification, and use of these
[coupled ocean-atmosphere-landsurface] models requires the
active participation of hydrologists along with a wide range of
other earth scientists» [Eagleson, 1978, page 6S]. . .

«He who controls the future of global-scale models controls the
direction of hydrology» [Eagleson, 1986, page 13S].



PacuyeT cpegHeu no nnowaau Bogocoopa UHTEHCUBHOCTU
CHerotTassHMA ¢ y4eToM HepaBHOMEpPHOCTHU 3aneraHus cHera
(«<npuBegeHHaaA NHTEHCUBHOCTb CHEroTassHUA»)

NMpuBeaeHHbIN Croun cTasiBluen BoAbl onpeaensieTcsa ¢ y4eToM NOKPbITOCTU
TeppUTOPUN CHErom

S, (1) = S(1)x SCA(t)

HakonneHHbIN CroU TasHUA Ha
@ MOMEHT BpeMeHu t
SCA(t) =1 — f(x)dx
0

f(x) — nnoTHOCTb pacnpeaeneHUs BePOATHOCTU CHerosanaca nepeg Ha4yanom
CHeroTsaHus



PacuyeT cpegHeu no nnowaau Bogocoopa UHTEHCUBHOCTU
CHerotasiHusl C y4eTomMm nNpoCTPaHCTBEHHOU U3MEHYNBOCTU
CHEeXHOoro nokposa («npmBeaeHHaa NHTEHCUBHOCTb CHEroTasHuA»)

«TunoBasi» KpnBasi pacnpeneneHms 3anaca Boabl B CHEXXHOM MOKpoBe And
paBHUHHOIO Bogocbopa

S
FS) = | ——— %" exp (—ax) dx
0

S=SWE/SWE,,

a=C,?
C,=0.45 (s paBHUHHON OTKPBITON
ol [ [ | TEPPUTOPHUH )
g2 G4 g6 08 1-T¢ C,=0.2-0.3 (ny11 ryCTOr0 XBOMHOTO
jeca)

NHTerpanbHble KpMBbIe pacnpeaeneHus 3anaca Boabl B
CHEXHOM NokpoBse (1 — oTKpbITast MECTHOCTb, 2 — XBOWHbI

nec)



OnucaHue rmaponornyeckoro LukKna cywm B mogensx
3eMHOU CUCTEeMbI: aKTyaribHOCTb U Npoodnembl

CLIMATE MODEL G reenhouse
wases abs

OVERTURNING

OCHOBHbIE KOMIMOHEHMbI Moderneu
Krnumama (esepxy)
u mooerneud 3emHolU cucmemsbl

Bo3mMoXHOCTM aHann3a MexaHn3mMoB U3MEHEHNN NPUPOLHbIX
cuctem BcrneacTaue rnobanbLHOro NoTensieHns, NOCTPOEHNS
HaEeXHbIX NPOrHO30B MacLTaboB U HanNnpPaBNeHHOCTM 3TUX
N3MEHEHUN, OLEHOK UX BO3OENCTBUSA HA coLmarbHO-
9KOHOMWYECKME NPOLIECChl 3aBUCAT CEroHs OT YPOBHS
Pa3BUTUSA YNCNEHHbIX Moaesien 3eMHON CUCTEMbI. OTU
Mo4enu TpaguumMoHHO paspabaTbiBatoTcs Ha base
rmobanbHbIX Modenen Knmmara, HoO pacLMPAOT BO3MOXKHOCTH
nocregHnx, OONoSHAS onucaHne AMHaMUKM COCTaBIISAOLLNX
KInnMaTmn4eckom cuctemol (aTmocdepbl, OkeaHa, Kpnocdephl,
CyLUN) onNMcaHNneM XMMUYECKNX, DUOXUMUNYECKUX,
BMonorM4yecknx B3anMogencTBNnN BHYTPU 3TUX NOLCUCTEM U
MEXAY HUMU C y4eTOM OeATEeSIbHOCTU YernoBekKa.

OaHa 13 KIo4YeBblX KOMMOHEHT Moaeny 3eMHON CUCTEMbI —
Moenb AEATENbHOro Crios CyLUuX, onucbiBaloLasi Macco-,
9HEepro- 1 ra3o00MeH Ha NOBEPXHOCTU CYLUM C YYETOM
AHTPOMOreHHbIX BO3AENCTBUA N AUHAMUKN SKOCUCTEM.



OnucaHue rMAaposyiorn4eCcKoro uukria Cyum B mogernsx

3eMHOU CUCTEeMbI: aKTyaribHOCTb U Npoodnembl

B nocnegHue rogbl pasBuTME METOAOB ONMUCAHUSA NMPOLECCOB rMAPONOrn4yeckoro LUukna B
MOJensAxX AeATENbHOro Cros CyLUM Lo, Npexae Bcero, No Nyt YTOYHEHUS MPOLeCcCoB
BepTUKaIIbHOro BNaro-, TenioobMeHa B CUCTEME «MoYBa-pacTUTENbHOCTb-aTMocdepa,
ornncaHus NpoLLeccoB TpaHCcnMpaLuun, ra3oobmeHa NoBepPXHOCTY CyLLUM C aTMocdepon u ap.

LSM Component Basic Description

Pre 2000

Turbulent exchange of momentum,
heat, water and carbon.

Beer's law for radiation attenuation
through canopy.

Darcy-Richards aquation,
Soil freezing included.
Single snow layer.

Riverflow transported to ocean with
no losses.

Photasynthesis linked to
transpiration.

Phenology included.

Carbon uptake affects plant growth
and LA,

Recent Advances

Multiple canopy layers for radiation
altenuation.

Deeper soil layers for Permafrost,
Organic soils included.
Multiple snow layers.

Inundation, wetlands and
groundwater.

Introduce dynamic nitrogen cycle to
affect photosynthesis.

Future Directions

Multiple canopy layers for energy,
water and carbon exchanges.
Microclimate within vegetation
canopy.

Flows of water across the grid.
Soil tiles for heterogeneity of solls.

Nutrients and water quality.
Representation of hillslope-scale
dynamics including interaction with
river network and groundwater,

Acclimation of plants to
temperature.
Response to increase of CO2.

Blyth et al., 2021



OnuncaHue rmgponornyeckoro UuKrna cywm B Mmogensax
3eMHOU CUCTEMbI: aKTyaribHOCTb U NpPoonemMbl

JdBoNnUMA moaenen AeATeNIbHOro criosd cyLm

Bonan et al., 2024

(¢) Bucket model Visual representation of the development of the land
o component of Earth system models over the past 30
years as described in the Intergovernmental Panel on
Climate Change first (FAR, 1990), second (SAR, 1995),
third (TAR, 2001), fourth (AR4, 2007), fifth (ARS, 2013),
and sixth (ARG, 2021) assessment reports. (a) Bucket
model of land hydrology without plant canopies. (b)
Big-leaf canopy model of land surface processes
including radiative transfer, turbulent fluxes represented
by a network of resistances, interception and throughfall,
i) Cahon e evapotranspiration, and soil and snow physics. (c)
ARS, 2013 Coupled photosynthesis-stomatal conductance models.
(d) Biogeochemical carbon cycle models. (e) Dynamic
9 Dy iE Vegetation vegetation models with changes in plant taxa in addition
AR, 203 to biogeochemistry. (f) Nitrogen and land use/land cover
change.

(b} Land Surface
SAR, 1995

(c) Canopy Physiology
TAR, 2007

(f) Nitrogen & Land Use

ARG, 2021




OnucaHue rmaoposfiorn4eCKoro HukKria Cyuim B Mmoaensx

3eMHOU CUCTEMbI: aKTyaribHOCTb U NpPoonemMbl

OnucaHne NpPoLEeCccoB rMapPONOrM4YecKoro LMkna cylim B Mmoaensax 3eMHOM CUCTEMbl HEPEKO
yrpoLLEHbl MO CPaBHEHMIO C NapamMeTpu3aLmsaMm NPoLIECCOB B aTMocdepe 1 okeaHe, YTo
NPOSIBNSIETCA B 3HAYUTENbHbIX MOrPELHOCTAX OLIEHOK U pOCTe HeonpeaeneHHOCTH
cLeHapHbIX NPOrHO30B NMAPOSIOrMYECKMX XapaKTepucTuk. [Npexae Bcero, 3To OTHOCUTCS
K OLleHKaM CE30HHbIX M3MEHEHUI PEYHOro CTOKa Ha permoHanbHOM MacluTtabe. U
OoTCTaBaHWe B 3ToM obnacT He NPeoaoneHo 3a nocnegHue OecATUNeTus

1997 rop
“The annual total local runoff is systematically-,g_‘;‘-j_;‘;:.;g_.;__“_ | S
underestimated by all but one of the g A *Jﬁ A
participant models. This is one of the few 3 5
significant biases between the consensus of o s s i By
participant models and the observations.” . | clamrRR e A R —
(Wetzel et al., 1997) . -100-30

« 30=30
.................................... .., s
2022 ron . . Missouri R, NE a I

“Compared with CMIPS models, CMIP6 ¢ (\
models have less uncertainty on the global il
scale, but it has not made outstanding
progress on the basin scale.” (Guo et al.,
2022)

2019 2020 202
.

Duvvuri et al., 2024
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OnucaHuve rmMaponorn4ecKoro Luukna cywm B mogensax
3eMHOU CUCTEMbI: aKTyaribHOCTb U NpPoOnemMbl

Knumatunyeckasi bonb be4yHOro CToka: oMoreoxmmmsi U NnepeHoC MeTaHa
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=20, Food web
Organlc ¢
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CH, ecology in streams and rivers §3

CH, ecology of streams and rivers CH,

Stanley et al., 2016



Modelling Snowmelt-Induced Processes {Proceedings of the Budapest Symposium,
July 1986). IAHS Publ. no. 155,1986. .

- [NepBble MexxayHapoaHble

A physically'-based model of the formation of
snowmelt and rainfall-runoff

L. S. KUCHMENT, V. N, DEMIDOV &
JU. G, MOTOVILOV e
Wa?er Problems Institute of the USSR Academy of 1 990_e
Sciences, 13/3 Sadovo-Chernogryazskaya, 103064

Moscow, USSR
ABSTRACT This I!Soviet Hydrology: Selected Papers e Vol, 18, No, 3, 1979
physically-based :
formation. The 1
cover formation,
and thawed soil, YU.G. MOTOVILOV
network. The moc

basin (area 16 3C

Simulation of Meltwater Losses through Infiltration into Soil *

The accuracy and reliability of spring flood fore- 9 a1 ar , (a1 ow
processes of runc casts is determined at the present time mainly by the TZ(W)w TS & (W), a (5)
200 finite elemer accuracy of forecasting meltwater losses through in-
filtration into the soil. Infiltration into frozen soil is

and land-use . It accompanied by complex hydrothermal processes. For brevity we introduce the notations
. . 1+ . The use of inditvect characteristics for estimating the
statistic ally Al1S water absorption capacity of soil can lead in some Mlz(z%)_: M 2:(&'1'.)
that it would be cxsesto considerable spring flood forecasting errors. e OIS
The efforts of Soviet and foreign scientists have ME:(i) * "44—(£
mesostructure of beendirected in recent years toward theoretical in- S e e ¥ A J
s . vestigations of processes taking place during water
taking these dist infiltration into frozen scil and toward the creation of We substitute (3) into (1) and rewrite the system (1)-
results of tests mithematical models capable of reflecting quantitative- (3) with allowance for expressions (4) and (5) in the
1y the p of heat and moisture transport in soil. form:
Tha fall wstam af annatiane hos hoan nead in (&1
Large Scale Effects of Seasonal Snow Cover (Proceedings of the Vancouver M1 ‘ST' o (% K Mz) ﬁu:_ ,_% (K Z_‘ ! K); @
Symposium, August 1987). IAHS Publ. no. 166
ar a 0T 9 T
(cett—piL M3) G- — - (S )Frwew (K 52 -K) LI
. H oW
Modelling the effects of agrotechnical Foilms G o
.
measures on spring runoff and water R L

. Pw ®)
erosion -
“quations (6)-(8) are a system that includes two non=-
YU. G. MOTOVILOV Hydrological Sciences - Journal - des Sciences Hydrologiques, 36,2, 4/1991

Water Problems Instit
USSR Academy of Seier i . .
13/3 Sadovo-Chernogr, Dynamic-stochastic models of rainfall and

103064 Moscow, USSE gnowmelt runoff formation

ABSTRACT The pary g KUCHMENT & A. N. GELFAN

ture and basic equ ) .
baned nbduliSdedieil Water Problems Institute, USSR Academy of Sciences,

- 7 A ; , USSR
il e 13/3 Sadovo-Chernogriazskaya, 103064, Moscow,

possibilities of it o ] i
problems of estim:Abstract Possibilities for the development of dynamic-stochastic

agrotechnical measurmodels of runoff formation with random inputs are discussed.
water eroslon are colTwg models are described: the first allows the calculation of the
statistical distribution of the maximum discharges of rainfall
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PHYS developments in the 1990s-2000s

Snow accumulation and melt Runoff generation in the Coupled modeling of the
beneath a forest canopy permafrost regions hydrological and carbon

— cycles in the soil-vegetation-
Hyaology atmosphere system

www elsevier.com/locate/jhydrol

‘OcToBER 2004 GELFAN ET AL

ELSEVIER Joumal of Hydrology 240 (2000) 1-22

Modeling Forest Cover Influences on Snow Accumulation, Sublimation, and Me

Journal of Hydrology

A distributed model of runoff generation in the permafrost regions -
Volume 323, Issues 1-4, 30 May 2006, Pages 4-21

A. N. GELFAN

L.S. Kuchment™, A.N. Gelfan, V.N. Demidov
Water Problems Institute of Russian Academy of Sciences, 117735 Gubkin 3 Moscow, Russia

Received 1 July 1999; revised 21 March 2000; accepted 21 August 2000 Coupled modellng Of the hydrologlcal and
carbon cycles in the soil-vegetation-

Water Problems Institute, Russian Acadenty of Sciences, Moscow, Russia

J.'W. POMEROY

Department of Geography, University of Saskatchewan, Saskatoon, Saskatchewan, Canada

L. S. KUCHMENT Abstract
Water Problems Institute, Russian Academy of Sciences, Moscow, Russia A physically based distributed model of snowmelt and rainfall runoff generation in the permafrost regions has been devel- atmosphere System
oped. The model describes snow cover formation and snowmelt, thawing of the ground, evaporation, basin water storage
(Manuscript received 1 December 2003, in final form 23 March 2004) dynamics, overland, subsurface and channel flow. An important feature of the model is taking into account influence of the
depth of thawed ground on water input, water storage and redistribution of water input between surface and subsurface flow. LS. Kuchment & &, V.N. Demidov, Z.P. Startseva
ABSTRACT The choice of the structure of the model is based on the analysis of the long-term observations of the runoff generation processes

at the Kolyma water balance station and is orientated to the available standard hydrometeorological information in the cold
regions. A case study of the proposed model has been performed for the Upper Kolyma River basin (the catchment area is
99,400 km?). © 2000 Elsevier Science B.V. All rights reserved.

A comprehensive, physically based model of snow accumulation, redistribution, sublimation, and melt for Show more v
open and forested catchments was assembled, based on algorithms derived from hydrological process research
m Russia and Canada. The model was used to evaluate the long-term smow dynamics of a forested and an
agricultural catchment in northwestern Russia without calibration from snow observations. The model was
with standard meteorological variables for the two catchments, and its results were tested against regular surface
cbservations of snow accumulation throughout the winter and spring period for 17 seasons. The results showed https://doi.org/10.1016/j.jhydrol.2005.08.011 2 Get rights and conter
mean errors in comparison to abservations of less than 3% in estimating snow water equivalent during the winter

and melt seasons. Snow surface evaporation and blowing snow were found to be small components of the mass

+ AddtoMendeley o Share 99 Cite

Keywords: Distributed modelling; Runoff; Permafrost region, Model calibration/verification; River Kolyma

balance, but intercepted snow sublimstion removed notable amounts of snow over the winter from the forested L. Introduction increasing attention to studies associated with the

catchment. Average snow accumulation was 15% higher in the open catchment. largely due to 2 lack of intercepted global processes make investigation of permafrost Ab

snow sublimation. Melt rates were 23% higher in the open than in the forest. but the effect on melt duration The permafrost regions cover approximately one- hydrological proc and especially runoff genera- stract

was suppressed by the smaller premelt accomulation in the forest. Only a moderate sensitivity of snow accu- quarter of the land surface of the world, more than tion highly important and urgent. For this reason,

mulation to forest leaf area was found, while a substantial vanation was observed from season to season with ) . r N .

anging weathes pattems This sugeest that the ensemble of snow proseoes & more cenaive fo sariatons in A coupled model of the hydrological and carbon cycles in the soil-vegetation-

g Siﬁeii;nﬁfs‘&iifi{;’ o oy m“i“ﬁilé%i'r‘éf&i?ifﬁi ﬁ:?ffx%ﬁhcna?rd :h:nlgo%:f::: atmosphere system is suggested. The model describes the interception and evaporation

techniques of precipitation by canopy, transpiration, vertical transfer of soil moisture,

photosynthesis, the interaction between transpiration and photosynthesis, and plant and

1. Introduction and 10%—60% larger than in spruce forests. At the same

Difseces e o i napen o 125,20 s SV w e e 0 2 oD o pay y ot rization of frozen soil Dynamic-stochastic modelling

forested areas have been observed for many years in
both North America and the former USSR (Kuz'min

< 1ge ) vmelt rate in dense coniferous forest may be 3-5
1954, 1960, 1961; Komarov 1959: Popov 1963: Miller SMOWMmE 3
- " N N ” T Journal of Hydrology 388 (2010) 85-99

1964; Subbotin 1966; Apollov et a
. . ags
Sub-grid variability e e s o o o somposn s s e .

than in neighbering forested catchments. Mean spring?

Findlaw 108A- Calding and Curancns

Contents lists available at ScienceDirect |

HYDROLOGICAL PROCE Seventh IAHS Scientific Assembly at Foz do Iguagu. Brazil. April 2005). IAHS Publ. 303. 2006. [hia
Hvdrol. Process. 15, 3343-. _]Ou[‘nal Of Hydrology |
S of show processes
L. o . L. journal homepage: www.elsevier.com/locate/jhydrol X
Statistical self-similarity of spatial variations of snow . .
cover: verification of the hypothesis and application Physically-based model of heat and water transfer
- 0 0 0 0 0 0 0
in the snowmelt runoff generation models in frozen soil and its parameterization by basic soil gyeme snowmelt floods: Frequency assessment and analysis of genesis
data on the basis of the dynamic-stochastic approach
L. 5. Kuchment* and A. N. Gelfan
Water Problems Institute of Russian Academy of Sciences, 117735, Gubkin 3, Moscow, Russia Alexander Gelfan *
Water Problems Institute of Russian Academy of Sciences, 119333, 3 Gubkin Str., Moscow, Russia
ALEXANDER GELFAN
Abstract: Water Problems Institute, Russian Academy of Sciences, 119991, Gubkin 3, Moscow, Russia ~ ARTICLE INFO SUMMARY

An analysis of snow cover measurement data in a number of physiographic regions and landscapes has shown that hydrowpi@aqua.laser.ru Aricle history: A dynamic-stochastic approach, which combines a deterministic model of snowmelt runoff f

fields of snow cover characieristics can be considered as random fields with homogeneous increments and that these Received 1 May 2009 with a stochastic weather gene'mm has been proposed. The model describes snow accumul:

fields exhibit statistical self-similarity. A physically based distributed model of snowmelt runoff generation developed . . oo - R d ised form 9 March 2010 : .

for the Upper Kulyn:a River basin (the ca[[‘chmcm area is about 100000 k) has been used to esimate the i Abstract A physically-based model of the hydrothermal regime of frozen soi  acepeazi piizoi0 2:1:1 ‘;ii?;i r‘\;a:ﬂa:“dd?‘?;str\;lr:“::;\;ﬁ:r%;: Lxls'ai;t:rn ;zlfjt?rgfggjéirslgotch:a:ilz:;?i?ss tahtatt]

of snowmelt dynamics over the basin and flood hydrographs o the parameterization of subgrid effects b has been developed. This model describes the process of coupled heat ang Ihis manuscrpt was handied by daily values of precipitation, air temperature, and air humidity during a whole year. Daily weat

?Ef“:':tz;h‘;[:[:t‘::j“‘#;;iL“m:';:‘t‘u"‘;l:';; A aommelt dvamics b, alent fields. Such parameterization of subgrid moisture transfer through homogeneous. unsaturated frozen soil and acCOUnt: k. eoragakakos, Editor-in-Chief, with the ables have been simulated by Monte Carlo procedure and transposed to snowmelt flood hydros

S €na Y Subg, & : - = = o i d t t l tion. i

basin. The snowmelt flood hydrographs appear less sensitive Lo the sel-similasity of snow cover over subrid arcas for the influence of phase changes on water flow. The process is formulated a  2istance of Glnter bioschl, Associate bren developed o select among the gencrted weather sconarios the ons that can lead tn gens

[[han to the dynamics of snowmell because of a mn. large calchment area of the hnf\n under consideration. However, one-dimensional pﬂl’liﬂl differential tqllﬂﬁOHS. which are solved by an illl]]ljﬂit.

e cartain hvdromatanoloo conditione and for emall river hacing thic affect mav lead to cienificant chanoess of the - - - - o h




Semi-distributed physically-based hydrological model
ECOMAG is an advancement of ideas implemented in PHYS

Representation of the catchment Hydrological processes describing within
area by representative elementary each elementary area (computational grid
watershed, REW (example of the cell)
Amur River basin schematization) \L_
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Validation of a distributed
hydrological model against spatial
observations
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CoBeplwieHCTBOBaHME ONUCAHUA TMOPONOrnYecKux
npoueccoB B Mmoaenu aedatenbHoOro cros cywun TerM

l

l

l

1. Pa3Butue mogeneu
oTAesNbHbIX
rMAaposIornYecKknx
npoueccos

1.1 BepTukanbHbIv Tenno-
BnaronepeHoc B Mep3rou
no4yse C y4eTOM BNUAHMUA Nbaa
N NepeoxnaKaeHHOoW Braru.
1.2 DopMUPOBaAHNA CHEXHOIO
NMOKpOBa M CHerotTasiHnA nog,
nonorom rieca

1.3 TnapoTepMmnYecKknin pexxmu
CE30HHO Taroro cnos B 30He
MHOrOSIETHEN MEP3SIOThI

1.4 TennosnaroobmeH no4ysbl C
aTMocdrepou rnog nosorom
neca

1.5 ®opmupoBaHue
NegHUKOBOrO CTOKa C y4eTOM
oporpaduyeckon
COCTaBnAKOLLEN OCAOKOB B
rOPHbIX panoHax.

2. Pa3zButune metogos

3. PazButne metoaos

napamMmeTpu3auuvm OLEeHKM napamMeTpoB
NPOCTPAHCTBEHHON N TeCTupoBaHuA
NM3MEeH4YUNBOCTHU MoAaenu
rmaponorn4eckKkux
npoueccoB
2.1 fetanusauus 3.1 3agaHve
NMPOCTPaHCTBEHHOTIO MMAPODU3NYECKUX

paspeLleHns XxapakTepuUcTuK
noacTunarowen NoBEPXHOCTH
2.2 NooceTo4yHas USAMEHYMBOCTb
3anacoB BObl B CHEXXHOM
NOKpoOBE.

2.3 [NogceTodHasaA U3BMEHYMBOCTb
BMMTbIBAIOLLEN CNOCODOHOCTH
NMOYBOrPYHTOB.

2.4 lepexop K
«NpUpoAoNoao6HbLIMY
pacYeTHbIM CETKaM Ha OCHOBE
rMAPONOrM4YeCcKon KoHUenumnm
aNeMeHTapHbIX

NMAOAOANMNAYXAOLITATIADLILIY Dﬁl’lﬁf‘ﬁf\hf\n

napamMeTpoB He3amMep3LLeN n
MEpP310M MNOYBbI MO NOYBEHHO-
rMMOPONOrnM4YECKMM KOHCTaHTaMm
3.2 HoBble meToAabl
BepudmKaumm mogenu no
JAaHHbIM HabrnogeHun 3a
pPEeYHbIM CTOKOM U OpYrMu
rMOPONOrn4yecKUMn
Xapakrepuctmkamm (B T.4. no
JAaHHbIM HabnogeHU Ha
9KCrnepuMeHTanbHbIX
Bogocbopax)




Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC

3. CosepuwieHcmeogaHue mMemodoos orucaHusi noocemoy4yHou uaMmeH4yusocmu

xapakmepucmuk rioocmunarouiel nogepxHocmu (Ha rnpumepe
2U0poU3UHECKUX XapakmepucmuK ro4esbl)

Table 6. Autocorrelation length scales (ranges) for derived soil hydraulic properties.

Name Symbol  y(h) model range (m)* reference
Saturated water content B 53'1.'>llel'ic:all'4 80090012, 552 141 !Romano and Santini (1997).
763, 20-36% 2Russo and Bresler (1981). Mulla
and McBratney (2000). *Neuman
and Wierenga (2003)
Residual water content 6, Spherical'® 251e.2 10-503d IVauclin et al. (1983). ?Russo and
Bresler (1981). 3Jensen and Refs-
gaard (1989)
vG fitting parameter o N/AL spherical®q] N/Al 252¢ IMohanty et al. (1994). 2Vauclin et
al. (1983)
vG fitting parameter n Sphericall® 25le IVauclin et al. (1983)
B&C air entry pressure Ve sphericall® 251c Iauclin et al. (1983)
B&C pore size distr.index A N/A'® spherical’}  N/Al®, 25%¢ IMohanty et al. (1994). 2Vauclin et
al. (1983)
Campb. fitting parameter b Sphericall‘“zf 25lc Wauclin et al. (1983). Meyer et
al. (1997)
Saturated conductivity Kgat Spherical'® 2123 12018 N/A® ICook et al. (1989). ZRusso
25-40°. 1-34%, 204 and Bresler (1981). 3Vauclin et
367, 1-258 al. (1983). *Mohanty et al. (1994).

van der Keur, Iversen, 2006:

SJensen and Refsgaard (1989).
®Mulla and McBratney (2000).
"Neuman and Wierenga (2003).
8Sobieraj et al. (2004)




PacnpocTtpaHeHHble B rugporiormn4ecKom mMmoaesimpoBaHuu metoabl
napameTpusaumm NnoACETOYHON U3MEHYUBOCTU rMAPOPU3INYEeCKNX CBOUCTB
NOYBOrpyHTOB: pacyeT «3(p(PpeKTUBHbLIX NapamMeTpoBy

Effective
parameter
approach

0.25°

L

MvG Parameters

(c.,n,0s,0r,Ks,L) O/O\g %
NS

OrpaHuyeHus Input

heterog. < Output
——— —— ——
1. «OpdheKTMBHbIE NapamMeTpbl» YacTo - d t //\w N

He COOTBETCTBYIOT peasibHbIM
JoM3nyYecKkMM xapakTepmucTukam noys. % - O/
2. «9dheKkTnBHbIE NApaMeTPbI» MOryT
CYLLECTBEHHO OTnn4yaTbCa And pa3Hbix tical { & identical
NCKOMbIX NMepeMeHHbIX (BI1aKHOCTb
NoYBbl, UCNApeHne, PE4YHOWN CTOK...)
3. HaxoxneHune adpdeKTUBHbIX

napamMeTpoB OS5 KaXXaon S4enKkn ~  Input Ot Output -~
TpebyeT OrPOMHbLIX BbIYUCIINTENbHbIX uniform

pecypcoB, ecnu peyvb UaeT o -
rmobanbHom mogenun [1CC ™~ "effective

medium”
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3anachbl BOAbl B CHETE Ha 3alaHHYI0 aTy 3anacbl BOAbl B NOJTYMETPOBOM CIoe

(6accenH Bonrun) (MotoBunos, 2016)
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5. CosepuwieHcmeogaHue mMemoooe8 3a0aHus rnapamMempos U rposepKu
moderneu

OrpaHuyeHus B UCNOSIb30BaHNN CTaTUCTUYECKUX U AEeTEPMUHUCTUYECKNX METOAOB

KanmopoBKMU

1. OrpomMHoe 4nCrio pacyeTHbIX ANEMEHTOB, AECATKN (COTHM) NapaMeTPOoB OrpaHU4nBaroT
BO3MOXXHOCTU NPUMEHEHNSA METOA0B CTAaTUCTUYECKMUX UCTbITAaHUN

2. MHOromepHOCTb, CNOXHOCTb U HeornpeaeneHHOCTb POPMbl NOBEPXHOCTM OTKINMKA
3aTpyaHseT NpUMeHeHne rpagueHTHbIX MeTo40B

HekoTopble BO3MOXHOCTH

1. bonblas YyacTb NapaMeTpoB MOXET ObITb 3aaHa No Ux 3aBUCUMOCTSIM OT
N3MepsaemMblX, B T.4. AUCTAHLUNOHHO, XapakTepPUCTMUK NOBEPXHOCTH (MOYB,
pacTUTENbLHOCTK, TUNa NadgwadTa, penbeda...), LUMPOKO NPUMEHSEMbIM B
rmgponornuy, pusnke rnoys, reoMmopdonornun, KpUonmuTosorum Bl Pkt

2. MeTtogbl nepeHoca napaMmeTpoB Ha TEPPUTOPUM C HELOCTATOUHbLIMU UITN R e
OTCYTCTBYHOLLMMKU HabntogeHnammn (cM. moHorpaduio PUB)

3. MeTtogbl MalWMHHOIO 0by4eHna?

A machine learning approach to
emulation and biophysical parameter
estimation with the Community Land
Model, version 5

Katherine Dagon(®', Benjamin M. Sanderson(®"?, Rosie A. Fisher'?, and David M. Lawrence®"
"National Center for Atmospheric Research, Boulder, CO, USA
2CERFACS, Toulouse, France

Correspondence: Katherine Dagon (kdagon@ucar.edu)



Bo3amoxHocTU coBeplieHcTBoBaHMA moaenu [CC
5. CosepuwieHcmeogaHue mMemoooe8 3a0aHus rnapamMempos U rposepKu
moderneu

ISIMIP Water Sector: 2" phase results

Checking a hypothesis that “good performance of hydrological models
in the historical period increases confidence of projected impacts
under climate change, and decreases uncertainty of projections
related to hydrological models”

Q, 1000 m3/s

1 61 121 181 241 301 361 days

Lena River average daily discharge in the reference period 1971-2000
simulated by (a) regional models, rHMs, and (b) global models, gHMs
(from Krysanova et al., 2018).

Key findings

Evaluating performance of hydrological model in the historical period is a necessary (but not
sufficient) condition for judging model applicability for climate impact studies.

Model evaluation is important for both the scientific credibility and user acceptance of results
of climate change impact studies.



Fan et al. (2019) and the hydrology community more generally (Clark, Fan, et al.,
2015), have argued that landscapes might be tiled according to “hydrological response
units” (HRU) which attempt to capture the dynamics of lateral water drainage, and thus
the nonlinear impacts on hydrological and ecological processes downstream from the
simulated topographic convergence of moisture. Such schemes define HRUs in terms
of fractions of a grid cell, and thus can represent bulk properties of hydrological
variation without increasing computational costs by orders of magnitude. Subin et al.
(2014) illustrate the impacts of subgrid representation of hillslope hydrology in the
GFDL model, noting, in particular, an increase in soil carbon resulting from saturated
lowland areas. Swenson et al. (2019) report the implementation of an HRU approach
into the Community Land Model v5, illustrating that the strongest impact of
hydrological tiling occured in semiarid areas. HRU tiling efforts are underway in other
LSMs, for example, JULES (https://www.ceh.ac.uk/hydrojules). Fan et al. (2019)
further note that as well as lateral drainage from hills to valley, slope aspect (the
difference between sunny and shady slopes) is another first-order control on water
and energy availability across the landscape.



O BO3MOXHOCTSAIX YTOYHEHUSs1 pacyeTa pe4yHOro CToKa B

mogenu [1CC (13 onbiTa ruaposriorm4eckoro
MoaenupoBaHus)

4. [Nlepexo0 om peayrapHoU wWupomHo-00/120mHOU cemku K cxemamu3sauuu rno
arnemeHmapHbIM eaodocbopam, WUPOKO UCob3yemol 8 equonoauquKOM
mooeniuposaHUU.

i S

i 1]
]

BEERARERRRERA®,
sipghitanseayt

Bara

CxemaTunsauusa sogocbopa u
PEYHOWN CETN Ha perynspHomn
ceTke mogenu [1CC




OnucaHue rmgponornyeckoro UuKna cywm B Mmogensax
3eMHOMU CUCTEMDbI: aKTyasfibHOCTb U NpoOfemMbl

I'Ipou,eccu rmaposfornyeckoro yukKra cywum mrparort (bYH,aneHTa.ﬂbHyl'O poJib B
perynmpoBaHnn sHepro-, Macco- " ra3aooomMeHa B 3eMHOM cucTteme, n yny4dueHue
onncaHuA 3ITUX npoueccoB B MogensAaX AeATesibHOro Criosd Cywum noBbillaeT, KakK
noarBepxgoeHo MHOrMMmumn nccriegoBaHNAMM, 000CHOBAHHOCTb OLIEHOK U nMPoOrHo30B ee
COCTOAHMA.

BnaXHOCTb NOYBbI - OCHOBHOMN UCTOYHMK atmosphere
NpeackasyemMocTi aTMocdepHbIx npoLeccos 2 | | Ve
Ha macliTabax 7-30 gHen, =

+J

=
Peu4HOM CTOK — 3HaUMMbIii hakTop I
TEPMOXaSIMHHOW LIMPKYNALMA 1 e

BMOXMMUYECKMX NPOLECCOB B OKEaHe,

~7 days ~30 days

B3avmogencTBue NnoBepXHOCTHbLIX U
rPYHTOBbIX BOJA OKa3blBAET CyLLECTBEHHOE
BNUSAAHWE Ha NPOLIECChl YrNepoaHOoro Lukna

Miralles et al., 2014, Nature Geoscience

lNMpoueccbl CHErOHAKOMNMEeHUAa u
CHeroTasiHus — BaXxHenLumne dakTtopbl Macco-
N 9HeproobmMmeHa cywu ¢ atmocdepon B
BbICOKMX LLUMPOTaX U BbICOKOrOpbsiX

Figure 4| Land
revisited, Repr:




B 0630pax coBpEMEHHbIX OOCTUXKEHUIN B 00racTu
MOOENNPOBaHNSA OEATENMBHOrO Cros cyLuun, onybrnmkoBaHHbIX
B nocrieanue roabl (Clark et al., 2015; Fan et al., 2019;
Fisher, Coven, 2020; Blyth et al., 2021), obocHoBLIBaeTCS
HeobXoaMMOCTb COBEPLLUEHCTBOBAHMS NapamMmeTpusaumm
rMaponorn4yeckmnx NpoLLeccoB N nogyYepKnBaeTcs
cchopMUupoBaBLUMUCA 3anNpPoCc Ha bonee TecHoe
COTPYAHNYECTBO MeXAy rmaponorn4yeckum
coobLecTBOM U coobLiecTBamMn pa3padboT4yMKoB
Mopenen 3eMHON CUCTEeMbI, Ha aKTUBU3aLUIO y4acTus
rMApPOSIOroB B pasBUTUM Moaenen OesaTenibHOro Crnos CyLu.



[Torok Bnaru q Hd ITOBEPXHOCTH Shrinkage Macropore

Precipitation Crack
HO"IBH: intensive moderale
short .
q=P_E_QQ; long (nrain
rae P — ocagxu, E — vcnapeHue, v
(v Interception
gs — [IOBEPXHOCTHBIN CTOK. N

Qs = Qsat T Qunsat,
Gsat = F satP

HOF Hortonian overdand llow
SOF Saturated overland fow
S5F Subsurface Flow

INF  Infiltration

DPF  Deep Percolation
Macropores

CTOK C HaCbIU.IEHHOﬁ IMOYBEI,
Qunsat = (1 — Fsat) max(og P— Qma.:c)
CTOK C HEH&CBIIIIEHHOE TTOUBEI

Fsqt — 1ONA AYEUKHU C HaChI|€eHHOU
MOBEPXHOCTBIO TTOYBbI, gz —
MaKCHMAaJ/IbHO BO3MOXXHBIN
UH(PUILTPALIMOHHBIHN TTOTOK. S 5

Ay



UHUnbTpauMoHHbIN MexaHu3M oopMUpoBaHUA NOBEPXHOCTHOIO

CKJTIOHOBOIO CTOKaAa

(b) Partial area infiltration excess overland flow

I'raction of area contributing to
overland flow

P

v

< >

Beven, 2000

EMKOCTHOU MexaHn3mM chopmMmnpoBaHNA NOBEPXHOCTHO

BHYTPUNOYBEHHOIo CTOKa

(c) Saturation excess overland flow

Variable source area

-

Rainfall intensity and infiltration rate (cm/hr)
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Kak yny4ywuTb BocnponsBegeHne pe4yHoro CToka B
MoAerniv AeATeNbHOro criof cywu?

1. [NloOcemoyHas uameH4uU80CMb 2UOPOUIUYECKUX C8OLUCME 1048

RANDOM PATTERN ORGANISED PATTERN

SNOW
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2
a1

Flow by overtalang
the infitration capacity

=]
[#}]
T

Flow on
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surface runoff (mm/h)
o
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02r
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CoBeplieHCTBOBaHUE ONUCAHUA r’MOPONOrnYecKux
npoueccoB B moaenu UBM PAH-MI'Y

200

160
160
120
120
80
80
40 40
0 0
0 40 60 120 160 200 J F M A M J
CpegHuin crnom ctoka nonoBoAdbsl, MM CpegHui Bnarosanac B CHEXHOM
(pekun 6accenHoB CeB. [1BMHbI, NoKpoBe B nosie, MM
[MNeyopbl) (Ces. [iBuHa, Neyopa)
B HabnooerHus | HaOnooeHus
MoAenb, UCXoaHas Mo[erb, NCXoaHas

§ Moaenb, ycoBepLUeHCTBOBaHHAs N Mopgenb, ycoBepLleHCTBOBaHHas



CoBeplLieHCTBOBaHME ONMUCaHUA rMAPOSIOrM4eCcKnx
npoueccoB B moaenu UBM PAH-MI'Y

lNMepexopn OT perynsipHOU WUIMPOTHO-AO0NTOTHON CETKM K cXxeMaTusauuu no
aneMeHTapHbIM BogocbopaMm, LLMPOKO UCNONb3YEeMON B rMAPOSIOrM4eCKom
MoaenIMpoBaHUMN.
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CoBeplLieHCTBOBaHME ONMUCaHUA rMAPOSIOrM4eCcKnx
npoueccoB B moaenu UBM PAH-MI'Y

[TocKonbKy Moaernb OeATENbHOro Crnod CyLn NCNOSb3YeT pacyeTHble syenkn 0.5
x 0.5 rpagyc 6bin MogepHU3NpPoOBaH anropuTM NOCTPOEHUST PEYHOMN CETU MO
cootBeTtcTBytowmm LIMP ¢ TpaneuengansHbIMY S4EMKAaMU BMECTO paHee
NCMNOSb30BaHHbIX KBaApaTHbIX A4eeKk 1 KMXTKM.
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O BO3MOXHOCTAX YTOYHEHUA pacyeTa Pe4yHOoro CToka
B mopgenu OCC: B3rnag rugponora

2. [lo0cemoyHas uameH4YUB0CMb Xapakmepucmuk rnoocmunarowel

i

resolved scale |
- -

parameterized (subgrid) scale

spectral density

0 1/2 Ax frequency
Ax ... grid size (in space or time)

CnekTp rmgposniorn4yeckoro npouecca. Npouecchl ¢ xapakTepHbiM MacluTabom
N3MEHYNBOCTU BOMbLLUNMM YeM MacLlTab anemMeHTa pacy4eTHOW CETKM paspeLlaroTcs
SIBHbIM 0Opa3oM, NU3MEHUYNBOCTb NOACETOMHOrO MacwTaba onncbiBaeTCs HESBHbLIM
obpa3omMm (MeTogamMmum napameTpusaumnmn)



O HeKOTOpPbIX BO3MOXHOCTSAX YTOYHEHUA pacyeTa pPeyHoro
ctoka B moaenu [1CC (13 onbiTa ruaporiornyeckoro
MoaenMpoBaHuA)

2. CosepuieHcmeosaHue memo0o8 ornucaHus nodcemoyHou UamMeH4Yu8ocmu
grnumeisarouwiell crnocobHocmu rno4eo2pyHMoas, a2r1ybuHbl 30HbI a3pauuu rno4Yesl,
xXapakmepucmuK CHEeXHO020 MnoKpoaea, rnpomMmep3aHus rnoysebl .

B coBpemeHHon Bepcun mogenn 4CC noKpbITOCTb Nfiowaan pacyeTHON 94erkn CHErom
3agaeTcd B BUAe NIMHENHON 3aBUCMMOCTU OT cpeaHen no g4enke BbICOTbl CHEXHOrO MoKpoBa

. Sw
fsnow = Max [0-0 1, mln( =, 0-9)] Swe,cr = 0.4 cm

we,Ccr

«TunoBas» KpuBasa pacnpepeneHna 3anaca BoAbl B CHEXXHOM NMOKpoBe

[Mpn nocTpoeHunn ANA paBHUMHHOro Bogoc6opa
rMAOPONOrnyecKnx s _ .
MoAernen okasanucb s .

9P PEKTUBHBLIMU

FS) = | —F— x* ' exp (—ax) ax

noaxonbl, MCMOMb3YHLLMNE g Tla)

npeacTasneHne o

TUMOBBbIX S=SWE/SWE.,

pacnpeaeneHunsx a=C,”

BEPOATHOCTM C,=0.45 (ny1s paBHUHHOHM OTKPBITOM
XapaKTepuCTUK cHexHoro | ) TEPPHTOPHH) )
NOKPOBA Ha pa3HbIX TUNax 02 g% 06 48 1-T¢ C,=0.2-0.3 (n1s1 TyCTOr0 XBOWHOTO
noAacTunatroLen neca)

I'IOBerHOCTI/I MHTerpaanble KPUBbI€ pacnpeneneHna 3anaca soabl B

CHEeXXHOM NnoKpoge (1 — oTKpbITas MeCTHOCTb, 2 —
XBOMHbIW Nnec)



O HeKOTOpPbIX BO3MOXHOCTAX YTOYHEHUA pacyeTa pe4yHoro CToka B
mogenu [1CC (13 onbiTa ruaposiorm4eckoro MmogenupoBaHus)

2. CoseplueHcmeogaHue Memooo8 ornucaHusi ModcemoyHoUl U3MeH4Yu8ocmu erumsigarouiel
CrIoCco6HOCMU 104802PYHMO8, 2/1y6UHbI 30HbI a3pauyuu roYebl, XapakmepucmuK CHEXHO20

MoKpoea, rnpomep3aHusi royesi .

3aBUCUMOCTb NOACETOYHOM BapuaLuun CHEeXHOro

NoKpoBa oT pa3mepa U PopMbl NOACETOYHOMN

o6nactu (Kuchment, Gelfan, 2001; NenbcaH, 2007)

Lucnepcusi moye4yHoU rnepemMeHHol 8Hympu
rnoocemoyHou nowaou F

0'12: :;J‘[S(x)—mp]zdx

F. .
Lucnepcusi mo4yeyHOU nepemeHHoU Onsi criyyasi rnosisi co

cmayuoHapHbIMU ripupaweHusiMu onpeoernsiemcsi sUOOM
cmyKkmypHoU ¢byHKUUU
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scales from tens to hundreds kilometres (Kuchment,
Gelfan, 2001)
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lw(0,)] =w,

O HeKOTOpPbIX BO3MOXHOCTAX YTOYHEHUA pacyeTa peyHoro
ctoka B moaenu [1CC (13 onbiTa ruaporiornyeckoro
MoaenMpoBaHuA)

3. 3a0aHue ocHosHOU 2udpocbusuyeckol xapakmepucmuku u

8/1a20I1P080JHOCMU 1048bI 10 MO4Y8EHHO-2UOPO/I02UYECKUM KOHCMaHmam

Y =1Pqp(0)

Ipa,ﬁ(BZ) — 1[’2
Vap(01) =Yy

8, 8, 6, 8,

g, cmi/c

®dyHkunm OI'X 1 BNnaronpoBogHOCTU
onpenendatTca No MexaHn4eckomy cocTaBy
NOYBbI C CYLLECTBEHHbLIMU MOrPELLUHOCTSMMU,
4YTO HEe NO3BOMNSET BblOpaTb Hauny4wyk PTF
ANA onucaHusa BnaronepeHoca B Moaesnu
ACC (PsasaHosa u gp., 2023) B
rmaponorn4yeckom MogenmupoBaHum ata
npobrema pelaeTcs ¢ NOMOLLbIO
asyxwarosoun npouenyps! (Fenbdat, 2007):

1.C nomowybto PTFs oyeHunBatotca He O X
N1 BNaronpoBoAHOCTb, a 2-3 HageXHo
onpeaensieMble NOYBEHHO-TMAPONOrnyeckme
KoHCTaHTbl (HB, B3, MI"), koTopbim
COOTBETCTBYET onpeaerieHHoe AasneHne
NQYBEHHOW Bnaru

2.[Mo 2-3 Toukam paccunTbiBalOTCS NapamMeTpsbl
LLUIMPOKO pacnpocTpaHeHHbiX goopmyn ana OrX
nnn snaronposogHoctn (bpykca-Koppwu, BaH

[eHyxTeHa v gp.)



O HeKOTOpPbIX BO3MOXHOCTAX YTOYHEHUA pacyeTa Pe4YHOro CToka B
mogenu [1CC (13 onbiTa ruaporiorn4eckoro moaeriupoBaHus)

[Mpumep: onpeaeneHne napamMmeTpoB PopMyrbl BaH [eHyxTeHa no NoYBEeHHO-TUAPONOrMYEeCKUM

koHcTaHTam (Gelfan, 2006)
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KamnOpoBka moaeier AeITeIbHOTO CJIOS CYIIU

o Land surface schemes are being developed by increasing spatial resolution
and adding new physical and biogeochemical processes;

o The model contains dozens of parameters; many parameters are not directly
measurable (have a phenomenological character) or are measured with a
large error;

o The high resolution and the presence of ma
ability to calibrate (identify) the system of cpwaypr=smsmm e Monte Carlo-type

£ '\UU MEETING
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or gradient descend methods; 2

o The shape of parameter dependence on phystcal-state-vartables may be
. A machine learning approach to e model

emulation and biophysical parameter

estimation with the Community Land

Model, version 5
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