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Land surface model TerM: towards an
integral flexible tool for predicting
ecological and hydrological responses
to climate change
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A: Energy budget model B:Water budget model
A+B: Soil Vegetation Atmosphere Transfer Model (SVAT)

C: Carbon budget model

A+B+C: Land Surface Model (LSM)
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The need for multisectoral
impacts assessment and tools ...

Global Risk Report

(Davos Forum)

Global risks ranked by severity over the short and long term
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Terrestrial Model (TerM)

Corr. member RAS V.N.Lykosov —

founder of research direction INM RAS-MSU
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Land surface model application
for diagnosis and forecast of carbon/water cycles

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

down to 10-100 meters

+ High accuracy in obtaining a

number of variables

- Limited ability to estimate
pools in soils, carbon and

water fluxes

Pools and fluxes of
water and carbon

Land surface

model TerM

-

: Land surface
Remote sensing L observations

+ Full coverage with resolution

National reports (3-d
tier for IPCC, ...)

<+ Conservation laws
+ Pools and fluxes
<+ Resolution down to 1-10 km

= «Model is model»

+ High accuracy in
estimating carbon fluxes
and pools

- Low coverage of large
(sparse-populated) areas



Granulometric composition

g o e i Architecture of the land surface data

(Dai et al., JAMES, 2019) .
nee preprocessing system TerMPS
Level 0: elementary data aggregation functions
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Maps produced by TerMPS

Map of Russia's land cover
based on Proba-V satellite data.

Volumetric fraction of sand (cm3/cm3)
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Dai, Y., Xin, Q., Wei, N., Zhang, Y., Shangguan, W., Yuan, H., et al. (2019). A
global high-resolution data set of soil hydraulic and thermal properties for
land surface modeling. Journal of Advances in Modeling Earth

Systems, 11, 2996— 3023. https://doi.org/10.1029/2019MS001784
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Land cover and soil maps
for South Africa (TerMPS)

1km-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)
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Carbon cycle in TerM

Governing equations:

OCpeq Coe
— :F'ER_FT_ ch_F T‘CL—F?“
at bs pl Terg df ’ d’f vb
805011[ C’Ueg Csmﬁl
— - — Fers
ot Tveg Tsoil
OCsoil b Csoil,b
—2 = Fupria + Faprp + Fers — ——
ot Tsoil b

The vegetation and soil carbon pool
are simulated in each cell for each
vegetation type:

needleleaf evergreen tree
needleleaf deciduous tree
broadleaf evergreen tree
broadleaf deciduous tree
tropical seasonal tree 0
cool grass (c3)
evergreen shrub 0
deciduous shrub
arctic deciduous shrub

arctic grass
crop

irrigated crop
warm grass (c4)
not vegetated

F psn F pir F micr F micr,b
T Fiit )l T Fers T
Ceg Csoil F dfr Csoil,b
Pools:
C.., — vegetation carbon
C,,; — soil carbon
C,.1p — fast carbon in soil
Production:

F . - photosynthesis

Respiration:
F .. — vegetation respiration

F_._— microbial respiration
F_._. — microbial respiration of fast carbon

micr
micr,b

Transfers between pools:
F,. — litterfall

F .. — deforestation
F... — soil cultivation



Carbon in forests
(European Russia example)

Remote sensing data of SRI RAS/MODIS TerM model, kg/m?:
on stem wood stock, kg/m? map by 2020
A Yrﬂepoﬁl:{mi:‘:;;iﬁmHHﬁ B VrinepomHas Macca pacTeHHuil (TONBKO JepeBbs)
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Simulation parameters:

e Simulation period 1991-2020;

* Atmospheric forcing — ERAS;

* Remote sensing data for wood volume were converted to
C assuming wood density of 600 kg/m3;

* TerM data are sum of high-vegetation types;



Site-level calibration (Fedorovskoe)

Eddy covariance mast above coniferous forest
(Tver region, Russia)
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Towards a flexible

carbon model structure -

General equation system of carbon models:

(1)

(2)

“‘A carbon model constructor”‘

A goal is to specify
a desired carbon model structure in a single
code. This allows to choose an optimal model for
each ecosystem.

JIHHAMHKa 3aIacoB YI7Iepoa B I09Be

SOCS model
(Ryzhova, 2022)
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Riverflow simulations
(Northern Dvina and Pechora rivers)

Average layer of Average layer of
liquid moisture content in spring flood runoff annual runoff
snow, its movement along . _ -
the profile and re-freezing " Vinog: MM

(Machulskaya, 2003)

imroved gamma
distribution dependence of
snow cover fraction on

snow accumulation (Koren, A Vsl il ;ﬁn

1991) v 2w a0 we wL

improved dependence of g Observations B Observations (route snow
soil hydrophysical model, baseline simulations measurement surveys)

characteristics on ice model, improved model, baseline simulations
content (Kulik, 1978) = 3 model, improved

Updating the database for
soil hydrophysical
properties (Wilson &
Henderson-Sellers, 1985
-> SoilGrids, 2021)

(Georgiadi and Groisman, 2022)




Simuiation or soutn Africa streamriows

over natural and urban landscapes using
the

Objectives: TerM land Surf%cﬁicmogsdaﬁAe TerM

Evaluation of the TerM performance
for South Africa rivers.

Sensitivity of the TerM to spatial
resolution.

To investigate climate change impacts

on future river flows in South Africa.

To develop an urban scheme within

the TerM and simulate urban effects

on hydrological processes in Gauteng.

EASTERNSOUTHAE?&A

runoff scheme:

dependence of soil infiltration
capacity on rainfall duration,
sub-grid heterogeneity of infiltration
capacity,

evaporation from river surface,
reduced response of stomatal
resistance to soil moisture deficit.

TerM model performance for the Limpopo river

1400 =

Averaged Monthly Discharge at gauge A7H008

1200 <

1000 =

7 —— Observation

—— Simulation
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1992 1996 2000 2004 2008 2012 2016 2020
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The TerM model repo

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

T TerM - INM RAS-MSU land surface scheme & A~ | vestar | 0! % Forks | 0

ProjectID: 14 [ Leave project

-0- 489 Commits ¥ 35 Branches ¢’ 1Tag [ 173.4 MiB Project Storage
1 N B

1.Pug fixed in LAKE 2.Lake variables added to outputin TM c70e1960 | [
Victor Stepanenko authored 9 hours ago

master v INMCM37B_lake /| | + ~ History Find file Edit v v

............................................................................................................................................................................

Name Last commit Last update

£3INMCM37B 1.Bug fixed in LAKE 2.Lake variables added to ou... 9 hours ago

£ doxygen 1. .f90 source files duplicating .f removed from /l... 7 years ago


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

Validation and extension of the
model for the BRICS use cases

Code / Use Use case | Use case

case 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
Brazil

Use case
India

Use case
China






Mnowage noxapa Ges yueTta TyweHns (Km2)

Mnowans Noxapa Bes y4eTa TyLeHWA (Km2)
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Cnacu6o 3a BHUmMmaHue!



Pa3spabotka mogenu TerM
ANA NPOrHo3a KAMmarta U YrnepoaHoro LuKAa

CueHapHble pacyeTsl
N3MeHeHU robanbHOro
KAnmarta ¢ y4Tom obpaTtHbIX
cBA3ei B cucteme
aTmocdepa-oKkeaH-
Kpuocdepa-cylwa
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pacyérbl
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Ob6ecneyeHue BHELWHUX AaHHbIX
0 NoACTU1a0LLLEN NOBEPXHOCTH

3aflaya — obecrnevyeHme 610Kka AeaTe/IbHOro €108 CYLIM U MOAE/IM K/IMMATA
JNAHHBIMM O NapamMeTpax MoACTUNAIOLLIEN NOBEPXHOCTH.

TexHnvyeckme TpeboBaHUA:

®* UHTepnonAauus Ha NPOM3BOJIbHYIO Pery/ISpHYH LWMPOTHO-A40FOTHYIO
CeTKY C COXpaHEHMEM UHBApPMaHTOB

® CkansapHble nona-1: naowasb TMNOB MNOBEPXHOCTMU — TUMbI
pPacTUTE/IbHOCTU, BOAOEMbI, YpOaAHMU3UPOBAHHbIE TEPPUTOPUU, NEHUKMU,
MacKa «OKeaH-CyLla». ...

® CKanspHble Nonf-2: napaMeTpbl PaCTUTENBHOCTH (IMCTOBOM MHAEKC M
np.), NnapameTpbl MNO4BbI, r/lybMHa BOAOEMOB, FMNCOMETPUYECKME KPUBDIE,
YK/IOH PEYHOIro AHa, TMIM FOPOACKON NOBEPXHOCTH, ...

® BeKTopHOe noJse: nosie HanpaBAEHUM PEYHOro CTOKA
® CorsiacoBaHMe CKa/IAPHbIX U BEKTOPHbIX NOJIEM Ha Lie1IeBOM ceTKe




Main foci for land surface

* Carbon cycle
(Impacts on
climate change)

* Water cycle (extreme weather, floods, drough

Soil moisture is a
source of atmosheric zf
predictabily beyond £

the inner atmospheric &

predictability timescale

Pprocesses
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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:

Ca Plant
Cormn
arbon Dioxlide 0, " Water
» Ha

Michaelis-Menthen expr.

/

ci—TI
, v, for C3 plant
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limitation
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c
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Module for greenhouse gas emissions and
uptake by reservoirs

Model of thermohydrodynamics of rivers Lake model LAKE3.x

Thermo-, and hydrodynamics Biogeochemistry
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. . . : CH4 flux
+ Diffusion wave model for fluid dynamics Surface temperature of ) o
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Calibration of the reservoir model

Stages: 1. Optimization of temperature 2. Oxygen optimization 3.Methane optimization
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Examples of distribution of field observation
stations in different seasons on the Rybinsk
Reservoir (Russia)

wove 38°00'E 39°00'E
1 1

eroboxid

- fesooN

| o Jser00N

rOmethprod
N,
n o

MLE

O insitu

——model

Methane flux

15.05.2019 01.12.2019 18.06.2020 04.01.2021 23.07.2021 08.02.2022 27.08.2022 15.03.2023

uuuuuu

Calibration based on data from
9 reservoirs (2024) , ==

Sl )
Macureaf 12300 0040 O0d0 ? o

B 100

P .

8 Srrppnn o



	Страница 1
	The need for multisectoral impacts assessment and tools …
	Страница 3
	Land surface model application for diagnosis and forecast of ca
	Страница 5
	Maps produced by TerMPS
	Land cover and soil maps for South Africa (TerMPS)
	Carbon cycle in TerM
	Carbon in forests (European Russia example)
	Site-level calibration (Fedorovskoe)
	Towards a flexible carbon model structure
	Riverflow simulations (Northern Dvina and Pechora rivers)
	Simulation of South Africa streamflows over natural and urban l
	The TerM model repo
	Validation and extension of the model for the BRICS use cases
	Страница 16
	Текущие работы (до конца 2023 г.)
	Спасибо за внимание!
	Разработка модели TerM для прогноза климата и углеродного цикла
	Обеспечение внешних данных о подстилающей поверхности
	Main foci for land surface processes
	Photosynthesis scheme: interpolation between limiting cases (CL
	Module for greenhouse gas emissions and uptake by reservoirs
	Calibration of the reservoir model

