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STATE UNIVERSITY

RESEARCH
COMPUTING CENTER

MaTtemaTnueckaa mogesib AeATeNIbHOro C/105 CyLUM
TerM (MBM PAH-MTY): uncneHHoe nccneaoBsaHue

rMAPOJIOTMYECKOro U yrnepoaHoro LMK/A0B CyLUW
B YC/1I0BUAX USMEHEHUA KAIMMATA
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A.B., YepHeHKoB A.HO., MaBuHcknun C.B.
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A: Energy budget model B:Water budget model C: Carbon budget model

A+B: Soil Vegetation Atmosphere Transfer Model (SVAT)
nd Surface Model (LSM)

19 Hosbpsa 2024 r., MockBa



The need for multisectoral
iImpacts assessment and tools ...

Global Risk Report ISIMIP project example

Global risks ranked by severity over the short and long term I S I M I I
Please estimate the iksl veriy) of the folowing risks aver a 2-year and 10-year period" 2 2 Inter-Sectoral Impact Model
Intercomparison Project

2 years 10 years

kely impact (sevarity] of the followine
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1 Cast-of-living crisis Faiure to mitigate climate changs

Natural disasters and extreme weather PANN Faiure of cimate-change adaptation 'mm M svnm °f d‘m
[T P ———— Climate input :> Global & Regional change impacts at

Faiure to mitigate climate change LI Biodversity loss and ecosystem collapse m m m dmm m Of

Water global warming

Erosion of social cohesion and societal 5 Large-scale involuntary migration
Solateason Agriculture

4

2]

Iliil
|

[ Large-scale environmental damage 3] Natural resource crises Ecosyste'ns MMI
incidents
: : — : Infrastructure aggregation and
7 Faiure of cimate changs adaptation Il -~ Erosion of social cohesion and societal 'mm
e o Health
a I — i
E Analysis of inter-sectoral
1— B = e
10 Large-scale involuntary migration 10 Large-scale environmental damage :>
S = scenarios and data Forestry Cross-scale
intercomparisons
Risk categories | Economic I Envircnmental [ Geopolitical | Societal I Technological
Protocol: Consistent Open repository of cross-
2 02 IEMl Extreme weather events SRl Adverse outcomes of Al technologies simulation and protocol Sectofa”y COnSiStent
I PR Critical change to Earth systems (&l Involuntary migration deSign according toa impact projections

focus topic

EEHl Biodiversity loss and ecosystem collapse Rl Cyber insecurity

4 Natural resource shortages SR Societal polarization

https://www.isimip.org
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World Economic Forum Global Risks

are a major tool ...

S8 Misinformation and disinformation 10"



https://www.isimip.org/
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. Paspabotka napameTpmsaumm  OGU3NYECKUX U
bnoreoxMMmMYecknx nNpoLeccoB U CcUCTEM ANF
MHTEPAKTUBHbIX MoOAenenm noroabl M KANMMATA
(INMCM, MNJIAB, moaens HABL MI'Y-UBM)

. [1MarHocTuKa, NPOrHo3, PETPOCMEKTUBHbIE
(«<naneo») n cueHapHble OUEeHKM BoaHOro banaHca
CyLu, Kpnocdepbl U YrnepoaHoro umnKna

[MpeBpalleHns aHeprun buoreoxnmmnyeckme LUKMbI
(Tenno, nanyyexwue, ...) | ‘ (C,N,...)

KpyrosopoT BOAb!



Paspabotka mogenu TerM
ANA NPOrHO3a KAMMaTa u YyrnepoaHoro uuKaa

CueHapHble pac4yeTsl
U3MeHeHu rnobanbHoro
KAMMaTa ¢ Y4ETOM 06paTHbIX
cBA3eu B cucteme
aTmocdepa-okeaH-
Kpuochepa-cyLa

0 OAHOKONOHOY4HbIE,
pernoHanbHble, rnobanbHble
pacyérTbl

O BO3MOXHOCTb
UCNONb30BaHUA BbICOKOTo
pa3spewieHuUA

O BO3MOXHOCTb MacCOBbIX
pac4YéToB ANA TeCTUPOBaAHUA
HOBbIX
6noKkoB/napameTpusauuii

S

Moaenb 3emMHOMN
cuctembl NIBM PAH

Moaenb peatenbHOro

cnos cywmn TerM

~

7\

>, llepenaya HOBbIX

L

| [T Brniokos/napameTpu3aLmii

e o (2024 1. 112030 T.)

Mo,u,enb neAaTeNnbHOro \
cnos cywmn TerM

PeaHanns, aaHHbIe

meTeoHabnoageHUn nnm
KNMMATUYECKMX MOAeNen




[epcneKkTnBbl U BbI30BbI Pa3BUTUA MOLENEN CYLLU
(Fisher and Coven, 2020)

“We identify three “grand challenges” in the development and use of
LSMs, based around these issues: managing process complexity,
representing land surface heterogeneity, and understanding
parametric dynamics across the broad set of problems asked of LSMs
in a changing world.”

jAMES Journal of Advances in
Modeling Earth Systems’
Commissioned Manuscript 3 Open Access (&9 (®

Perspectives on the Future of Land Surface Models and
the Challenges of Representing Complex Terrestrial
Systems

Rosie A. Fisher, Charles D. Koven

First published: 10 March 2020 | https://doi.org/10.1029/2018MS001453 | Citations: 250



Terrestrial Model (TerM)

founder of research direction
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Radiation Evaporation

fluxes Precipitation Heat flux @
=
The World Climate Research Pr_agramrr_m's

o

snow,

Surface

Tbare runoff
Snowmelt

Vertical
diffusion
and inflitration

23

‘ Bottom infiltration to runoff

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

(Land surface INM RAS-MSU model)

Corr. member RAS V.N.Lykosov —

INM RAS-MSU land
surface scheme

Climate model
of Institute of numerical
Numerical weather
Mathematics prediction SL-
(INMCM) AV model

d Heat, moisture, water vapor and ice dynamics
in soil (23 Irs)

d Snow cover with liquid water treatment (4 Irs)

d Soil and vegetation carbon dynamics

d Wetland CH, model

] Fires MPI+OpenMP
3 LAKE model implementation,
CUDA tests

A River routing scheme

Model implemented in a standalone model (baseline spacing 0.5°x0.5°):
(i) global, (ii) regional and (iii) local configurations.




Granulometric composition

in the global soil database
(Dai et al., JAMES, 2019)
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An updated map
vegetation of Russia
IKI RAS
(Egorov et al., 2018)

T

T -
Ty
| KAPTA PACT!

Maps of urban
local climate zones
(Demuzere et al., 2021)

Streamflow tracing
(Reed, 2003)+ HydroSheds

% .x\
X
—H SRR S

e EHAs

Architecture of the land surface data

preprocessing system TerMPS
Level 0: elementary data aggregation functions

0 ypoBeHb

Python-6u6amnorteka

(6n0k PyHKUMI ans
arpernpoBaHns AaHHbIX Ha

\f
pacyeTt cpeaHero
B3BELUEHHOrO

MPOU3BO/IbHYHO LIMPOTHO-
\BONFOTHYO CeTKy:!

KonnyecrtBeHHble
}(—Jk LaHHbIe
N

A

(6nok dyHKUMI ans
arpervpoBaHusa AaHHbIX Ha
NMPON3BOJIbHYO
BEPTUKANbHYO CETKY
\(rny6uHa) Y.
P

LOMNONIHUTENbHbIE PYHKLMN

(4TeHme/3anncb AaHHbIX)
A=

N
) pacuet % copepxaHus }—Lf

AaHHbIE

-

KayecTBeHHbIe

[aHHble, nmeroLwne
BepTUKanbHOe

paspeweHune (rny6MHa)/

<
N
[daHHbIEe O
napameTpax
NOBEPXHOCTU
~
—/

Level 1: aggregation of specific data types

1 ypoBeHb
=
(( ~ ( Ha6opbl gaHHbIX )
e N\ Ka4yeCTBeHHblIE AaHHblIE:

Ha6op Python nporpamm-
06paboTUMKOB ANA KaXKAoro <
Habopa AaHHbIX

AaHHble O TUNaX MoOBepXHOCTU

JAaHHble O MPUCYTCTBMU BOLOEMOB

KONMMYeCTBEHHbIE AaHHbIE!

. 4
~ <
( anropuTt™ Ang o6paboTku
KaX/4oro Tuna AaHHbIX Ha %
OCHOBE (PYHKUMIA U3 L
L Python-6ubnuotekn )
2 ypoBeHb

ruapodusnyeckne xapakTepuUcTUKKU

rnybuHa BoooemoB

OaHHble O MapameTpax FOpOACKOWM
3aCTPOAKM

LaHHble penbeda (cpepHee
aucnepcua)

Level 2: User Interface

/ynpasnﬂ rowaa Python-
nporpaMma

/06'be,CI,MH9|eT Habop Python-
nporpamMMm 1 ypoBHS

Ans Bbl6paHHbIX Habopos
\AaHHBIX

AN

>
B aBTOMaTUYECKOM pexume
reHepupyeT BblbpaHHble
[aHHble Ha 3aflaHHoe

\PaspemeHme




Maps produced by TerMPS

content Map of Russials Iand cover TYHApPa TpaBsHUCTas

I TyHapa KycTapHuKoBas
= W0 pepkonecke / 6onota
based on Proba-V satellite data. i sccermms
- Taura BeyHoseneHasa
[ cmewaHHbIe neca
- LuVIpOKOlIVICTBeHHbIe neca
TpaBﬂHMCTaSI pac‘rwreanoc*rb
CeanKOXOBRﬁCTBeHHbIe erAbﬂ

Volumetric clay

30”x30”

100m x 100m

OTKPBITHINA FPYHT
BoAa
I ropoackas 3acTpoiika / necHble noxaps!

Dominant land cover
class over 0.5x0.5

c,Bupoma»(

Volumetric fraction‘ of sand (cm3/cm3) ‘ Cel IS ’j/‘"“w/\'\\ﬁ e f;j
0,002 0,077 0,152 0227 0302 0377 0451 0526 0,601 ﬂ’r\\}f
Dai, Y., Xin, Q., Wei, N., Zhang, Y., Shangguan, W., Yuan, H., et al. (2019). A V.A. Egorov, S.A. Bartalev, P.A. Kolbudaev, D.E. Plotnikov, S.A. Khvostikov, Land
global high-resolution data set of soil hydraulic and thermal properties for cover map of Russia derived from Proba-V satellite data, Current problems in remote
land surface modeling. Journal of Advances in Modeling Earth sensing of the earth from space, 15(2), 2018 A

Systems, 11, 2996— 3023. https://doi.org/10.1029/2019MS001784
6 Riverflow
' 1 directions

_/

)9,4,

Urban surface
fraction

Urban fraction [%]

@ 45°

Hanpasnexms croxa: [l 8 [l 108 I 1O N O3l 3 B G Il C I cB


https://doi.org/10.1029/2019MS001784

[NogceToyHoe pacnpegeneHue
TUNOB NOBEPXHOCTH

o 4 tiles in each cell: bare soil, vegetation, snow and inland waters
e in winter, snow tile occupies entire cell

o each tile has its own surface temperature 7 ;, all sharing single soil
column

o Sensible heat flux is calculated using cell-mean surface
temperature 7' = Zle o; 15 ; (o — t-th tile fraction)

o Latent heat flux is aggregated from individual fluxes over each tile,
LE =Y, a;LE;

e Momentum and scalar

roughness lengths are taken
as single values in each cell




PagnaumoHHasa cxema Ana pacTUTe/IbHOCTH

YpaBHeHune nepeHoca (Dickinson, 1983) BHYTpu pacTUTENbHOIo
nosora:
_di1t
I

ﬁd(gl_:g) +(1-(1-Pw) ! —-wpl 1= wik(1—By) e LS

+(1-1-Bw)IT—wpl I= wikBye kL+S)

= —G&.ﬂ), W — KOCUMHYC 3€HUTHOrO yrina HUCXoOAWEero n3 atMmocgepbl U3NyYeHUs | = fol w/ G(p)dy,ap—

KOCUHYC 3€HUTHOrOo yrna mnanydyeHuna I, 3, By — napameTpbl paccesaHus HaBepx, L, S — MNCTOBOW UHAEKC U
dHalriorm4yHasa BerimdynmHa an4d CTe6ﬂeIZ, I HOPMUPOBaHa Ha HUCXoAdsALlee narnyv4yeHmne
!
wu =0

YcoBepLweHCTBOBaHUA:

* YpaBHEHNE NepeHoca paHee pellanock anga snaumoro n onmxHero VK
avanasoHa

« BBegeHo 3agaBaHMe NPON3BONIbHONO KONMMYECTBO AMana3oHOB ASIMHbI BOMHbI

* YTOYHEHME CrEeKTPanbLHOro pacnpeneneHmns ontnyeckux napametpon no (Noda
et al., 2014)
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Basane naa pacrureasnocrsio, BT M

[MpoBepKa 6/10Ka pagmMaLMOHHOro nepeHoca B
pacTUTeNbHOCTU (KapboHOBbLIM NOAUTOH « MyXPUHO»)

o 20 ntoHa — 18 niona 2024 roaa

O 2 NHTepBasa AJIMH BOH (BUAUMbBIN U
BUK) n 8 uHtepsanos

O pa3HOe OTHOLIEeHMe NPAMOM paanaunmn K
pacceaHHOM

KopoTKkoBONHOBbLIN OanaHc

Hap necom Y No4Bbl Hap necom

200

s e Hmepenmuit Ganane
1000 4 A0AR npAMOil paxmam — | 1000 4

2 wnrepuann wn i Gmesn, UK
—— 20JN NPAMO paamatmm -~ 13

150 4 800 4

600 + 600 4
1

400 L 400 4

—y H | »b \'hl. HA'W 74'-:‘7' J WA

8 murepsaston

800 A

100

Bazanc, Brm™?

bananc Ha ypoBHe novssl, Brm~?

04 04 U

(%

ST S S R SR I SO PO RS

” ” ~ v T Al T T T Al T Al
Q Q Q O o J o 3 o \ & &\ 4 &\ o
N L A S S . . R L N V. S R R B I - Y TR A AT A Y SR AN AT S
v v v N \ N N N v - . N N N N N ,,’\\ .:, BS SN L, S G S . O L R L)

Bpesms samepenns Bpems swamsepenns Jlava womepenns



BocnpounsBeaeHne pevyHoOro CToKa.:
CesepHasa [leuHa u Meyopa (A.N.Meodsedes)

YcoBepLleHCTBOBaHUA

MOAEJIN.

CopepkaHue XnaKkou
BOAbl B CHEXXHOM
nokpoBe (CtenaHeHKo K
ap., 2019)

[loaceTo4yHOE ramma-
pacnpegeneHne BbiCOTbI

CHEXHOro NnoKpoBa
(KopeHb, 1991)

YTOYHEHHbIE
3aBUCUMOCTM
ruapodunsanvyecKmnx xap-K

oT nbanucTtocTu (Kynuk,
1978)

ObHoBNEeHVe 6a3 AaHHbIX
NOYBEeHHbIX NapamMeTpoB
(Wilson & Henderson-
Sellers, 1985 -> Dai et al.,
2019)

CpenoHun cnon CpeaoHuun cnoun
BECEHHEero naBogka roooBoOro CToka

Spring flood runoff sum Yearly runoff sum

m HabnogeHus
(CHEroMepHbIE CHEMKN)
m MoA€enb, YCOBEPLL.

m HabnogeHusa
m MoJernb, YyCOBEpLLU.

nnnnnnnn

(F'eopauadu u poticmaH, 2022)



[ToBEPXHOCTHbIN CTOK MO NPEBbILLEHUIO
dUNbTPALMOHHOU CNOCOBHOCTU

o MakcumanbHbIN MOTOK XUAKOW BOAbI B NOYBY: —AW%—VZV + Y = Vmax
o BepxHnn KOHEeYHbIN Cnon DbICTPO HaCLIWAETCH, Tak YTO NPU ocagkax %—VZV =0
Ocagku
P (Vmax) / \
| [TOBEPXHOCTHBLIN CTOK: [ToTOK BOAbI B NO4YBY

1
Rsurf = max(r — Vmax, 0)

CpeaHui No AYEeMnKe NOTOK B NMOYBY

(MotoBunos, lenbdar, 2018):
r

Rsurf — de(ymax) =
0

Vmax,m[1 o eXp(_r/Vmax,m)]

&1 Ymax,m Ty Ve i

P (Vmax) — exp(_ymax’/ymax,m) - 4oNs A4YENKU, B KOTOPOW Vmax = Vmax



Simulation of South Africa streamflows over
natural and urban landscapes using the
TerM land surface model

Objectives: Modifications of the TerM
o Evaluation of the TerM performance for runoff scheme:
South Africa rivers. | - dependence of soil infiltration
a  Sensitivity of the TerM to spatial

capacity on rainfall duration,

» sub-grid heterogeneity of infiltration
capacity,
evaporation from river surface,
reduced response of stomatal
resistance to soil moisture deficit.

resolution.

a  Toinvestigate climate change impacts
on future river flows in South Africa.

a To develop an urban scheme within
the TerM and simulate urban effects on
hydrological processes in Gauteng.

EASTERN SOUTH AFRICA
Lephalal {

TerM model performance for the Limpopo river

Averaged Monthly Discharge at gauge A7H008

1400 =
17 —— Observation
12009 —— simulation

1000 =

Ll m

l T T T l T T T l T T T l T T T l T T T I T T T l T T T l
1992 1996 2000 2004 2008 2012 2016 2020
Year




IPPEKT CYTOYHOrO LMKAQ OCaJKOB
(YMCNEeHHbIN 3KCMEPUMEHT)

2) Effect of use of daily-averaged ERA5 atmosphere forcing

Results of model calculation for ASH008 gauge with two types of forcing:

discharge time series (m?/s):

m observation
m model, timestep = 1 hour, ERAS timestep = 1 day
m model, timestep = 1 hour, ERAS timestep = 1 hour

It is important to use less thah daily ERAS5 timestep

year-averaged
discharge (m?s):

180
160 ¢ .
140
120
100

Mean monthly discharge:
m41.3 md¥s

m 9.7 m?¥/s (bias = -77%)
m 57.2 m¥/s (bias = +39%)



IPPEKT CYTOYHOrO LMKAQ OCaJKOB
(06bAcCHeHMe)

2) Effect of use of daily-averaged ERA5 atmosphere forcing

Physical justification:

example of daily precipitation distribution:

0.0016
0.0014
0.0012
0.001
0.0008
0.0006
0.0004
0.0002
0

0123456 7 8 91011121314151617 181920212223

— precipitation, hourly sums (m)
--- precipitation, mean hourly sum (m)

soil infiltration capacity (m)

Runoff occurs when hourly
precipitation sum is larger
than soil infiltrarion capacily



KannbpoBka mogenu no ctoky Jimmnono

Automatic calibration of river runoff at LSM TerM: first results

calibrated value: mean monthly river discharge

river: Limpopo, gauge A7H008 (Beit Bridge), catchment area 202 985 km?

time period: 1992-2019

model resolution: spatial 0.5x0.5°, temporal 1 hour

calibration method: ROPE

objective function: NSE

calibration experiments:
1) expl — “alternative” formulation of runoff, hourly ERAS forcing (3 parameters, 50 iterations)
2) exp2 — “alternative” formulation of runoff, daily ERAS forcing (3 parameters, 50 iterations)
3) exp3 — original formulation of runoff, daily ERAS forcing (4 parameters, 100 iterations)

1000

Mean monthly river discharge, m¥s Quality metrics:
800 —expl
exp2 NSE bias
— exp3
600 - — observations expl 0.71 —21.4%
400 exp2 0.66 -22.9%
200 exp3 0.58 +40.0 %

0 \ \ .
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019



YrnepoaHoin umnkn B mogenu TerM

OCHOBHblE YpaBHEHUS:

8C(veg Cve
= F, sn F r 4 — F, ra F. r
at p pl vaeg df ’ df ab
aC(soz'l C’Ueg Csoz'l
— - - Fers
ot Tveg Tsoil
ICs0il b Csoil,b
T = Fdfr,a, + Fdfr,b + Fers —
ot Tsoil b

3anachbl yrnepoaa B no4vse u
PACTUTENBHOCTUN PacCYUTbIBAOTCH
anga kaxkgon a4venkn m kaxgoro OTP:

needleleaf evergreen tree
needleleaf deciduous tree
broadleaf evergreen tree
broadleaf deciduous tree
tropical seasonal tree .
cool grass (c3)
evergreen shrub
deciduous shrub
arctic deciduous shrub

arctic grass
crop

irrigated crop
warm grass (c4)
not vegetated

F psn F pir F micr F micrb

T Fiit T Fers

Cveg Csoil F afr Csoil,b

3anachbl (nynbl):

Cyeg — NYN PacTUTENBHOCTU
Csoil — NYN B NOYBE

Cesoilp — @HTPOMNOrEeHHbIV MyJ

Mpoaykuus:
Fosn — doTOCUHTES (MOAenb Papkyxapa)

ObixaHue:

Foin — ObIXaHWe pacTUTENbHOCTY

F micr — AblXaHMe No4Bbl

Fmicrp — P@3noxxeHue aHTponoreHHoro nyna

Mepexoabl mexay nynamu:
Flit — onapg

F 4 — 0B6e3neceHune

Fers — 3p031S1 NOYBHI



3anac yrnepoja B pacTUTE/IbHOCTU

(ETP)

CnyTHukoBble aaHHble, UK PAH/MODIS
yrrnepoaa B CTBONIOBOM ApeBecUHe, Kr/m? Mopenb TerM, kr/m?, 2020 r.

VriepopHas Macca pacTeHHI

VrnepogHas Macca pacTeHIt (Kr/m"\2) VrmepogHas Macca pacTeHrt (Kr/m"2)

aB = 0.83

] T e N P P L

,0 32 6,4 9,6 128 16,0 0,0 32 6,4 9,6 128 16,0

MNocTaHOBKa YUCIIEHHOIo 3KCNepMMeHTa:

* [lepuoa 1991-2020 rr.;

* ATmocdepHoe Bo3genctemne — ERAS;

» [aHHble N0 06BLEMY ApeEBECKHLI NEpPEBEAEHLI B 3anachl yrrepoaa B NpeanosioKeHnm
NnoTHocTu apeBecuHbl 600 Kr/m3;

« [lnoTtHOCTb yrnepoaa B TerM npocymmupoBaHa no Kriaccam BbICOKOW pacCTUTESTbHOCTM.



Moaenb banaHca yrnepoaa B 6010Tax

(I A.AnexkcaHopos, A.B.Enucees, C.H./leHucos, B.FO.602o0mo0s108)

OnurotpodHoe 60s10TO TeHnaeHuma C = onag MUHYC AbIXaHue:

Basin raised-bog Basin falf;ed-bog o L a C pea ti
Basin raised-bog g ' 97 — 7 =

ot lit — chr,i

[bixaHne = cymma abixaHud B
aspobHon 1 aHaspobHoOW 30HaXx:

chr,i peat,i *

N (Zpeat,i o ZGWL,i)Ra + (ZGWL,i o ZMS)RC

(Zpeat,i _ ZMS)

Basin-fen Lake muds Raised bog Impermeable BbicoTa LEeHTpa oonoTa
pest "“‘ oci nponopumoHansHa 3anacam C:

ypOBeHb PYHTOBbLIX BO onpeaendeTcs

BbICOTOM, LUIMPUHOM 60I0Ta 1 rOf0BOM CYMMOWM .= Cpeari |
«0CaKaM MUHYC NCMapEHNEe: eSS orment T
: rL%eat'Bl LLlar mogenu no BpemeHn — 1 ro
ZgwL,; — mMin »Zpeat,i a P A

Vsat



[TpmeHeHne moaenmn 6000t (C n CH,)

3anacbl yrnepog

S L
A P\
75E \\1

T BAN

. aTtmocdepHoe Bo3aeunctame ERAS,
0.52x0.5¢

. 1990-2020 rr.

. KapTa pacTuTenbHOro NOKpPoOBa
GLCC,

. napametpbl nousbl —GSDE,

. ANnA pacnpeaeneHna 60N0THbIX
MaCCMBOB — MacKa Ha ocHoBe GPM

kg/m**2

000 2944 5888 88,32 117,76 147,19 176,63 206,07 23551 264,95

v.2.0

dnemeHT Mopenb W3amepeHUa mr
6onota  (cpepHee), mr CH,/m?/cyT
CH,/m?%/cyt  (Sabrekov, et

al., 2014)

Tonb 218.4 133-792
Pam 28.8 1.6-40

NoTok MeTaHa, uie
N TN

\A

mgCH4/m2/day

[ ) ] ) ]
0,00 36,37 7275 109,12 14549 181,87 21824 25462 290,99 32736




K rubkom CTpykType Moaernen
yrNepoaHoro uukna ... it

= Hfi(xi)

O606LwWweHHaa cuctema Ansa 6Moreoxmm. nynoes:

Ncyi1+N. Ncni1+N.
ac; a(wci)+ 0 (kaci)+ S"”Z”egF SOHZWQF 1
ot 0z 0z \ 0z Ly T L i~ (1)
J=1,j#1 J=1,]#1
Nsoil+Nveg Nsoil+Nveg

aC;
%o 2 B ), Py )
j:l)j:,ti !! j=1,j¢i

“KOHCprKTOp Moaeneu JKcnepvMeHTanbHoe
yrnepogHoro uukna’ onpenenehue f;(x;)

Llenb: peanu3aums BO3MOXHOCTV BbiOopa
CTPYKTYpbl MoAenu yrnepoaHoro LukKna B
paMKax eAMHOro nporpaMmmHoro Kkoga. B
4aCTHOCTU, 3TO NO3BOMUT BbIOMPaTbL MOAENb
OoNTUManbHY AN JaHHOW
9KOCUCTEMBI/YHKLMOHANBHOro TUna
PACTUTENbHOCTM.
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Pe3ynbTaTbl yrnepoaHblXx moaesnen noyssl
(yrnepoaHbi KOHCTPYKTOP)

SOCS model (Ryzhova, 2022):
o 2 nyrna 8 rio4yge

TerM standalone model

JIHHaMHKa yIiepona B Io4Be

o Keadpamu4yHO HeruHeuHas .

o
=
g 10
o KOHuenuus HacbiweHus C 8 noyse -
26
JIHHAMHKA 3a1acOB yIIIEPO/Ia B [I04YBe g4 (.
4 = I I I I i [ I

o~ 5 5 a8

E i 1938 1942 1946 1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010

g L]

j’ 35 8 5 Bpews, rogst

é : e 5 ;’;_: —— Kontpons, Pesynsrars! pacuéra B Koutpouns, [JaHHsle HabmroneHmit

153 : . a & L] - ——NPK1,5+FYM, Pesynsrats! pacuéta 8 NPK1,5+FYM, [lauusie Habmronenmit

5 - = ] - NPK3, Pesynsrars! pacuéra B8 NPK3, Tannsie Habmronexuit

E:_ L a B A ——NPK3+FYM, Pesynsrate! pacuéra 8 NPK3+FYM., [annbre HabmroneHuit

o

525

5 -]

5

1939 1943 1947 1951 1955 1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011
Bpems, rogst
——Koutpons, Pesynsrars! pacuéra 8 Kourtpons, [aHHble HabmroneHui
——NPK1,5+FYM, Pezynsrate! pacuéra ® NPK1 5+FYM, [lauusie HabmoneHmit
NPK3, Pesynerats! pacuéra 8 NPK3. JlanHsle HabmoneHMit

CornepkaHHe yITeposa B [I0YBe

RothC model

o 4 nyna e ro4se
o JIUHeUHas :
o KanubposaHHas Ha 6osibUWom S 109 L L7 8 5 020

—— Koutpons, Pesynsrars! pacuéta ® Koutpons. [lanHs1e HabmroneHuit

——NPK1.5+FYM. Pesynsrats! pacuéta ® NPK1.5+FYM. [lannsie HabmrogerHuit
LIUC’ ;e ’ , 'u' ’ 06 ' ’ O qebl NPK3, Pezynsrats! pacuéra ® NPK3, Tannsie HabmroneHmit

——NPK3+FYM, Pesynsrats! pacuéra 8 NPK3+FYM, Jauusie Habmonesmit

Copepxanme ymiepojia B nouse, krim”™2
S




BmecTto 3akntoueHus ...
Mopenb TerM pna gnarHo3a U NPOrHo3a

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

IncTtaHUMOHHOE

yrniepoaHoro u BOAHOro LLMK/0B CyLUU

AvarHo3 nynos U NOTOKOB HauMoHanbHaA OTYETHOCTb
yrnepopaa/soabl Ha cyLue (3 ypoBeHb Kagactpa, ...)

+ 3akoHbl coxpaHeHus

W[Vl Sl = F sl o) + Pacuér nynoB n notokoB
cnos cywmn TerM + PaspeweHue oo 1-10 km
- «Moaenb ecTb MoAaenb»

HasemHble nsmepeHuA

30HAMpPOBaHME 3eMnn

+ MonHoe NokpbITUE C
pa3peweHnem go 10-100
MeTpoB

“+ BbICOKasi TOYHOCTb
nony4yeHus psana napameTpoB

= OrpaHquHHaﬂ BO3MOXHOCTb

OLIeHKU NyJioB B No4se,
NOTOKOB yrrnepoaa v Boabil

(KapbOH. NOINTOHbI)

+ BbICOKasi TOMHOCTb
nosly4eHusi NOTOKOB U
nynoB yrnepoaa v Boabl
- Hu3kaa cteneHb

NOKPbITUA OOSNbLUNX
TepputTopum



Peno3ntopuun mogenun TerM

http://tesla.parallel.ru/vbogomolov/INMCM37B lake

TerM - INM RAS-MSU land surface scheme & av [ wstar | 0!l % Forks | 0

Project ID: 14 [3 Leave project
MocKkoBCKHIi TOCYapCTBEHHBIH YHUBEPCUTET
-0- 489 Commits  §° 35 Branches (J1Tag [ 173.4 MiB Project Storage umern M. B. JIOMOHOCOBa

Hay‘[HO-I/ICCJICZ[OBaTCJILCKHI‘;I BBIYHCITHTENIEHBIA LEHTp

1.Bug fixed in LAKE 2.Lake variables added to output in TM

) c70e1960 | [
Victor Stepanenko authored 9 hours ago

master v INMCM37B_lake / | + v History Find file Edit v & v MOﬂCJ'II) ACATEIIBHOIO CJI0s CyIIH
,,,,,,,,,,,,,,,,,,, D VIBM PAH—MTY (TerM)

TexHuyeckas JAOKYMEHTalUsA

Name Last commit Last update
E3INMCM37B 1.Bug fixed in LAKE 2.Lake variables added to ou... 9 hours ago
3 doxygen 1. .f90 source files duplicating .f removed from /L... 7 years ago

TexHuueckasa pokymeHTaumsa: TerMPS

Last edited by Anna Ryazanova 3 minutes ago

TerMPS: nporpammHoe obecneuveHmne gyisi NoAroToBKU AaHHbIX O Mooksa, 2024
napameTpax NOBePXHOCTU CYLUU, UCMOJIb3yeMbIX B MOLENN AEeATENIbHOIO
CNosi CyLUM.


http://tesla.parallel.ru/vbogomolov/INMCM37B_lake




[loaceTo4YHaa He0oAHOPOAHOCTb
CHEeXHOro NOKpPOBa

Hast pacyeTa INOKPBITOCTH BOAocOopa CHeroM HCIOJb30OBaHa KPH-
Bas pacnpeleseHus CHEXHOr0 MOKPOBA B BHIE TamMma-pacnpenese-
i {4]:

b 7
Kc
@

fe=1— [a:C/I‘ {ac)] s e exp (—acx) dx, (2.27)
0

rae o, — napaMerp pacnpefesedusi, pasubii 1/Ch, Coc— KO3DDH-
IIMEeHT BapHalliy 3alaca BOJABl B CHere no mJjomanu; K¢-— OTHOCH-
Tes/bHBIA CJOH Tasol BOABI K MOMEHTY pacyera .
t
1
K== h.(t)dT, ! (2.28)
Snay ;
G
Ie Spay — OCPELHEHHBIH IO BOAOCOOPY 3anac BOABI B CHere Ha Aarty
HayaJsia CHEroTasHus fo.




Mopaenb noXxkapos

. Dopmynnposka moaenn necHbix noxkapos moaenn CLM4.0 (Thornton et
al., 2010)

« [lnowaab NoXapoB = YNCHO Ayenka mogenu
noXxapoB*cpeaHss nnowanb noxapa

* Ypcno noxapoB (YNCIIO BO3ropaHum*doakTopbl):
Nf = Nifpfmfse

« YacTtoTa BO3ropaHum = MOJSTHUN +

«4erioBeYeCKum oaktTop»:

N; = (In + Ia)

* [Nlnowanb cpegHero

noxapa:
TusT? 1\° / Up
a® = (1 + —)

4Lg Hp
« CKOpPOCTb pacnpocTpaHeHus1 noxapa

OONHOYHBIN noXap

onpenensieTcst CKopoCcTb BETPA, KONMNYECTBOM
N TOPHOYECTbIO OPraHUKU:

Up = UmaxCmg (W)



[lpoBepKa moae/in MNoXKapos.

. atmocdepHoe Bo3genctamne ERA5, 0.52x0.5¢
. 1996- 2011 . CpefHve nnowiaam noxapos 3a 15 net

60
I 50

MroBamsan NOOWAGS NOXAPOS, Smiropenran 3a wecaly, AVHRR
Frofamsian NOOWAGS NOXAPOS, teiropenran 3a mecay, TERM
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(https://gml.noaa.gov/ccgg/carbontracker/fluxtimeseries.php?region=Global)
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KannbpoBka moaenun Ha

floKanbHbIX AaHHbIX (PeOopoBCKOE)

[laHHble nNynbcaunOHHbIX USMEPEHNN HyecTBUTE/NIBHOCTD MOAENN:
Hap enoBbiM Nnecom (TBepckas 06nacTb) FAST (Saltelli et al., 1999)

1.0
- o~
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: 0.8
aépb
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< 4Moc
loposscx ¥ ) - ALl | e oo o e |
nnnnnnnnnnnnnn .
cccccccc ‘é é E' .g‘ ;1 % 1’
§ E ¢ : 5 3
= Napal P
Ontumusauyuma mopenun: ROPE
L]
Bard d Singh, 2008
(Bardossy and Singh, )
—— [laHHble HabnwaeHus —— CpepHee no JaHHbIM HabnioneHnsa=-0.33
—— Bbixoa mogenu no kannbpoeku. NS=0.3 —— CpepaHee BbIXofa Moenu Ao Kanmbposkn=-2.11
2 —— BbIxoa Mofenun nocne kannbposku. NS=0.52 —— CpefHee BbIX0Aa Mogenu nocne kannbpoekn=-0.34
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MHTerpanbHaa moagenb
TennoBoro 6anaHca €104 PpacTUTENbHOCTU

HeunsBecTHble: SWnet,soz'l + LWnet,soz’l - Hsoz’l - LEsoz'l —F =0
Tskin M Tsoi S Wnet,skz’n + LWnet,skin — Hgpin — LE; siin + Hgpip = 0



Land cover and soil maps
for South Africa (TerMPS)

Tkm-resolution source database GLCCv2  Land cover at 0.5x0.5 model grid

GLCCv2 land cover database at SiB1 classification GLCCv2 database: dominant land cover class at 0.5° cells (SiB1 classification)
50°E 20°E 30°E 40°E 50°E
\ 7
)
4 |
10°S 10°S| - -{10°S

20°s 20°S| EEEE 20°s
HHH ‘

[ EVERGREEN BROADLEAF TREES

30°8f—— 1 [] PERSISTENT WETLAND 30°S - H [ EVERGREEN BROADLEAF TREES
[] GROUND COVER WITH TREES AND SHRUBS [T GROUND COVER WITH TREES AND SHRUBS
|1 GROUNDCOVER ONLY H ] GROUNDCOVER ONLY
[] AGRICULTURE OR C3 GRASSLAND [] AGRICULTURE OR C3 GRASSLAND
] BROADLEAF SHRUBS WITH BARE SOIL ] BROADLEAF SHRUBS WITH BARE SOIL
[ BARE SOIL S0°E 30°E [ BARE SOIL

Volumetric fraction of gravels and sand Volumetric fraction of gravels and sand

depth average depth average

Volumetric fraction of gravels and sand (cm3/cm3)

Volumetric fraction of gravels and sand (cm3/cm3)

0,01 0,09 0,17 0,24 0,32 040 048 0,55 0,63 0,71 0,01 0.00 047 0.4 0.32 0.40 0.4 0.5 0,63 0.71



[lapameTpusaumnsa cyTo4dHoro uukna
KOPOTKOBOJIHOBOW paanauun

3apayva: pacyeT yrrnepoaHoro uukna go koHua XX| B ¢ CyTOYHbIMM aTMOCEPHbIMU JaHHbIMU

NMpob6nema: cpegHeCcyTOYHbIM POTOCUHTE3 MeHbLLE DOTOCHMHTE3A
OT CPeaHECYTOYHOro «OPCHHray. S’,

(s (@)]" < Fpsn([Q]%)

1. «[MoAroHOYHbIN» NYTb PELUEHUS:

d F [Q]¢
[Fpon(@)] = 2n@D 04

a

2. BoccTtaHoBrneHuMe CyTo4HOro xoaa
KOPOTKOBOJTHOBOM paavaunu:

MHoronetHaa guHamuka Cveg, kr/m2
S'(t) = Sy sinhg

sin ho = sind sin@ + cos § cos ¢ cos t ; e 9T (O

" Ty tosindsing +
0 —

t
ty—tg O + cos 8 cos ¢+/1 — tan? @ tan? &



Validation and extension of the model
for the BRICS use cases

Code / Use Use case | Use case

cdS€ Russia South

Africa

TerM (water  Config, open In
sector) code,

input/ouput/v Progress

alidation data,
tech.docs, and
user guides ...

TerM (carbon |n progress
sector)

Use
case
Y4l

Use case
India

Use case
China



MoanduunpoBaHHas cxema pacyeTa
NOTOKOB B NPU3EMHOM CJ10€

Operational algorithm Algorithm with T,
Secant method for T_: Secant method for T_:

 Update soil profile § ° Update soil profile
find B

given T, ,, find B j given T
« Compute H, LE, E,, * Update T, ,
« Compute heat A A Compute H,, LE, E.,
balance residual e Compute heat
r(Ts ) ” balance residual
+ Find T, (T, )
* Find T, ,,;

s,k 7




Tekywine paboThbl
(0o koHua 2023 r.)

. Mopenb noxkapos (M3 moaenu CLM)
. Mopenb ToppoHakonneHmna B8 bonotax MOGA PAH
. Pabounn npototnn mogenun a3oTHOro LKUKAA

3KCI16pVIMeHTbI Ha YyBCTBUTEJIbHOCTb aBTOHOMHOM
MoAesim noXapoB K BXOAHbIM NepeMeHHbIM

-4
x10
4
—TpaBa
3.5 KyYCTapHUKN
XBOWHbIE neca
3t LWMPOKONWUCTBEHHbIE Neca

> [1nowagb

4-4acoBOro
noxapa,
KM?2

Mnowagae noxapa 6e3 yyeTa TyweHus (KM2)
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Mnowagb noxapa 6e3 ydeta TyweHus (Km2)
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* Wcnonb3oBaHuMe BblIpybOK Mo
ANaHHbIM Pocniecxo3a B
yrnepoaHom moaenm

* BBepgeHue naowanemn

ynpasaaembiX U pe3epBHbIX 1€eCOB

Bacunuit bBoromonos u coasT.
«MopenuposaHue
TennomaccoobmeHa 1 NOTOKOB

MeTaHa B 60/10THbIX 3KOCUCTEMAXY.

Cekuua KoHcopunyma 4.

Basi raised-bog
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Cnacun6o 3a BHUMaHue!



Ob6ecne4yeHne BHELWHMX AAaHHbIX
0 NoACTUJ1aloLLLEN NMOBEPXHOCTH

3aflaya — obecnevyeHue 6J10Ka AeATENbHOrO C/108 CYLUM U MOAENM K/IMMAaTA
JAHHbIMKU O NMapameTpax NoACTUNAIOLLEN NOBEPXHOCTM.

TexHu4yeckue TpeboBaHUA:

® MHTepnoaAuMA Ha NPOM3BOJIbHYIO Pery/IipHYH LWWMPOTHO-A40FrOTHYIO
CeTKY C coxpaHeHMeM MHBapUaHTOB

® CKanapHbie nonasA-1: naowazab TUNOB MOBEPXHOCTU — THIIbI
PacTUTENbHOCTU, BOAOEMbI, YPOAHU3UPOBAHHbIE TEPPUTOPHMU, NEJHUKM,
MAacCKa «OKeaH-cylla». ...

¢ CKansApHble noasA-2: napameTpbl paCTUTENbHOCTH (IMCTOBOM MHAEKC U
np.), NMapaMeTpbl No4Bbl, F/ly6MHa BOJOEMOB, FMNCOMETPHUYECKME KPUBbIE,
YKJIOH PeYHOro JHa, TUN ropo/iCKOM NMOBEPXHOCTH, ...

¢ BeKTopHoe noJse. noJje Hal'lpanIeHMﬁ PpEe4YHOro CTOKa
e CornacosaHue CKaJIAPHbIX U BEKTOPHbIX noJjien Ha u,eneBoﬁ ceTKke




Main foci for land surface processes

. Carbon cycle
(impacts on
climate change)

Carbon (CO,) Budget Atmosphere

591+279%5
(IPCC, ARS)
Avprage increase 5.1%0.02
Net land flux Net ocean flux
01 03 19 34109 1.5 195107 94105 06 25%0.6
V |
O tmosphere g change
111.1 Total respiration and fire 25.6 54.6 23
54.0 255

113 Gross photosynthesis 29

2.5 0.2
let  Fossil fuels
lar 3-use (Coal, oil, ?as "
change = Cemen
production
1200 1700 25
450 P

Ve etation  Fossil

ar 1 soils fuels

Flux: Billion tonnes of Carbon per year (PgClyr)
Natura . Anthropogenic

Stocks: Billion tonnes of Carbon (PgC)
Stocks C) Anthropogenic change
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source of atmosheric
predictabily  beyond
the inner atmospheric

Predictability

OOOOO

boundary layer
feedbacks  during
heatwaves

predictability timescale ==




Photosynthesis scheme: interpolation between

limiting cases (CLM, TerM, JULES, CABLE)
(Clark et al., 2011)

. GPP rate is a minimum of rates of three photosynthesis stages:

Michaelis-Menthen expr. " C“c'l'f'\

0 wo
\% for C3 plants : - = S =
°‘“a"(ci+Kc(1+oa/Ko)) 3P A |

_for C4 plants

/ radiation

limitation

chax

Rubisco-  y _ [

ci— I’
W l o (1 —w) Ipar (cll-l-ﬁ) for C3 plants

for C4 plants

light-

limitation o (1= ) Igr

W = min(W, W;, We)

0.5 Vemax for Cs plants
or smoothed modification of min functio

photosyntheti

transport of
We=
c products

.
2 x 10* Vemax — for C4 plants

maxp, o AP BIWZ — Wo(We+ W) + WeWi = 0

BoW? — W (W + We) + Wy We = 0



Module for greenhouse gas emissions and

uptake by reservoirs
Lake model LAKE3.x

Biogeochemistry

Model of thermohydrodynamics of rivers
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* Diffusion wave model for fluid dynamics
» Simulation of thermal regime

Model calibration

SPeTPY "
(Optimization methods \

Monte-Carlo, ROPE, ...)

LAKE

CH4 measurement
data
collected at Russian
reservoirs

Thermo-, and hydrodynamics
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Mpoaykums, abixaHue,
pasfioXKeHue ...

CH4 flux,

Surface temperature of i i
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Kuibyshev reservoir
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Tracking
parameters
calibration

in

methane

T,°C T, T,°C T
o 5 10 15 2 o 1 2 3 4 s & 7 0 1 2 B 4 s 6 o 5 01

0 0 0 0

s s s s

=10 10 10 10
g —1 = = =
—2 H H H

5 3 15 = *®

0 20 ) 2

Calibration of the reservoir model

Stages: 1. Optimization of temperature 2. Oxygen optimization 3.Methane optimization

3uma 2022 neto 2022
 oC

Vertical temperature profiles

1 - observations ---

2 - before calibration and selection of
the correct forcing —

3 - after calibration ---

0.0000075
0.0000050
0.0000025

Examples of distribution of field
observation stations in different seasons on
the Rybinsk Reservoir (Russia)
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PesyrnbTaThbl C BbICOKUM pa3peLleHUneEM
(A.Pa3aHoBa)



