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B noknane oOcyxaaercsi TEKyIlee COCTOSHUS MOACIUPOBAHUS MPOIECCOB HAa MMOBEPXHOCTH,
C YUYETOM 3aJaHHOTO paclpeleNieHHus PacTUTENbHbIX OMOMOB. CTemneHb AeTalu3aluu
MOJIeNIed  TO3BOJIAET HCIOJB30BaTh UX B IVIOOATBHBIX MOEISIX KIMMATHUYECKOU
cuctembl (Momeab MBM PAH) st olleHKM BO3MOXHBIX M3MEHEHUM KiIuMara M
onocdepsl MOBEPXHOCTH CymIu. st 00CyKAeHUS BEIOPAHBI CICAYIONIUE TEMBI:

 buochepa moBepXHOCTH Kak JAMHAMHUYECKHUN KOMIIOHEHT KJIMMAaTHYE€CKOM CHCTEMBbI
3emiu;

 CTpyKTypa DJKOCHUCTEMBI TOBEpXHOCTH; PacTuTenbHble OHOMBI  TOBEPXHOCTH.
VYonepoanbie MyJibl; (EHOJOTUSI PACTUTEIBHOTO MOKpoBa. DOTOCUHTE3 U YCTHUYHOE
CONPOTUBJICHUE; JIBIXaHWE PACTCHUHN U MOYBHI;

* PanuanvioHHble TOTOKM B CJOE€ PACTUTEIBHOCTH, alb0ElI0 MOBEPXHOCTHU, IOTOKH
COJIHEYHOUW W JUIMHHOBOJIHOBOMW paJiialiy, MOTOKK MOMEHTA, IBHOTO U CKPBITOTO TEILIA,
TeMIIEparypa CJ0s PACTUTEIbHOCTH W OTOJEHHOW MOBEPXHOCTH, TEMIIEPATypa ITOYBHI,
TEMIIEpaTypa B 03€pax U BETIaHIaX

e ['maponorus MOBEPXHOCTH

 bHOXMMHYECKHE MOTOKA Ha MOBEPXHOCTH; MopenupoBaHue moTtokoB CO2 B crioe
PACTUTEJIbHOCTU U B TIOUBE; YMUCCHUSI MeTaHa OT OOJIOTHBIX SKOCUCTEM



Atmospheric model
(INM/RAS)

Terrain-following vertical coordinate (21 c-levels)
Semi-implicit formulation of integration in time
Energy conservation finite-difference schemes (2.5°x 2.5°)

Convection (deep, middle, shallow; mass-flux)

Radiation (H20, CO-, Os, CHs, N2O, O2; 18 spectral bands
for SR and 10 spectral bands for LR)

PBL (5 o-levels)



Land surface model
(ICMMG/SB RAS)

The land surface model considered in this report is an extension of this earlier model
development. The model is able to predict:

terrestrial photosynthesis and respiration of CO2 from land surface vegetation
and

methane emissions from natural wetlands.

With the requirement that the model is implemented globally, many surface type
needed to be included.

Proposed version of the land surface model, coupled to atmosphere model,
combines a rather complete accounting for physical factors to assess the interaction
of the atmosphere with the surface and availability for including in the general
circulation model.



buocgepa noBepxXHOCTH - AMHAMUYECKUN
KOMIIOHEHT KJIMMATUYECKOU CUCTEMBbI
3emuin

W3MeHeHne CTpyKTypbl paCTUTEIbHOCTH KaK PEaKIUs
Ha U3MEHEHHMSI KIIMMaTa OKa3bIBAET 0OPAaTHOE BIMSIHUE
Ha kauMmaT. OOpaTHOE BIMSHUE OCYILECTBIISETCS Yepes3
0OMEH PHEpruei, BIa)KHOCThIO, MOMEHTOM,
NAapHUKOBBIMU Fa3aMHU U MUHEPAJIbHBIM a3pP030JIEM.
Ceituac cTano sCHO, YTO MPHU U3MEHEHUH CTPYKTYPBI
PaCTUTENIBHOCTH €€ PaCpOCTPAHEHUS Ha TOBEPXHOCTH
MEHSIOTCSl M IOTOKHU. DTO SIBIISIETCS] BAXKHBIM (PAKTOpOM
WU3MEHEHMs KJumara

[Tpumepsr:
Kmumar u sxocuctema CeBepHoit Adpuku (Braconnot

et al., 2000; Hoelzmann et al., 1998; Jolly et al., 1998;
Prentice et al., 2000; Jousaume et al., 1999).

Kiumar u sxocucrema 00penbHO-TYHIPOBOM 30HBI
(Bonan et al., 1992; Tomas, Rowntree 1992; Gallimore,
Kutzbach, 1996; Foley et al., 1994)

Upland White Spruce Succession On South
Slopes Near Faithanks, Alaska Following

Newly Burned

1

Herb-Tree Seedling

Shrub-Tree Sapling
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CTpyKTypa 3K0CHCTEeMbI IOBEPXHOCTH B MOIe M Onoc(epbl

Tunbl MOBEPXHOCTH (PACTUTEIbHOCTD, 03€Pa, BETJIAH/bI, JIe/, roJiasi
MOBEPXHOCTH) AYEHKH CETKH

DYHKIHOHAJIbHbIE THIIBI PACTUTEILHOCTH (DOpeasbHbI Jiec, TYHApA,...)
Y KH CeTKU

YFHCPOIIHBIC M a30THBIC ITYJIbI
DeHoJI0rUA PACTUTEJIBHOIO MOKPOBA.
DoTOCUHTE3 U YCTHbUYHO€ COIIPOTHUBJICHUC.

JbIxaHue pacTeHuil U MOYBbI.

180 120w

i

Evagren Evagremn Dedduous Dedducus Mixed  Woodland Wooded Closed Open.
Needidesf Broadleaf Needldeaf Broadlef Cover

Forest

Forest

Forest

Forest

Grassland  Shruhland  Shrubland

Grassland Crepland

Bare
Ground

Urhan



DeHOJIOTUS PACTCHUH

JIMCTOBOM MH/IEKC YCBAMBAETCH B MO/IeJIN JIACTOROH HHJEKC

exkeqHeBHO. U cnouab3yorcs
CpeAHeMecsIYHbIe JIaHHbIE 10 JUCTOBOMY
uHAeKkcy u3 padorsl ( Dorman, Sellers, 1989)

sOBapD HIOTB

XBOHHBIE BEUH. 38l AEPEeBbA XBOHBIE JHCTOIIAT. AEPEBbA XBOVHBIE BEYH. 361, AEPEERA XBOVHBIE JHCTOITAA. Jepesba

Jles1aeTcs MONMPaBKA HA TOJIIUHY CHeEra,
NMOKPBIBAIONIET0 PACTEHHE

Ce30H pocTa onpeaesisieTcsi KaKk Mepuo ¢
TeMIlepaTypoil Bererauuu 00Jible, 4eM
HEKOTOpOe MUHNMAJIbHOEe 3HAYeHue, Tmin.

SINGLE SIDED LEAF AREA INDEX (i’ m™)

- Z SINGLE SIDED LEAF AREA INDEX §m“m™)
e bot - - (Vorid)  m——

0 2 L} 6 8 0 ? 4 6 8



Tunbl MoOBePXHOCTH (PACTUTEIBHOCTD, 03€pPa, BeTJIaH/1bl, Jie/, F0JIasi IOBEPXHOCTh)
«  Kaxnmas cetounas siueiika 6MoGu3nIeckoil MO@HHIKH CeTKY Bare Soil Faction (%)
MOBEPXHOCTH COCTOUT U3 MSITH TOPU30HTAIILHO '
OJTHOPOJTHBIX YaCTEH:

1. PacTuTEeILHOCTD;
2. Betnanapr;

3. O3epa;

4. Jlen;

5. Okean

Auefxa CETKH MOIEeIIH
DOBEPXHOCTH

Jlex 16 726

PacTHTEIEHOCTE

Oszepa 16.7% S0%4

Bewmarasz Oxearn 2.3%
239




Tumnel pactutenbHOCTU U ['Uapoaorus
IIOBEPXHOCTU U PEUYHOM CTOK

IIpumep sAUEHKHM CETKH, 3aHITOW XBOWHBIM JIECOM,
HIMPOKOIUCTBEHHBIM JIECOM, TPABOU U I'OJION
MTOBEPXHOCTBIO

Tudponozusa nosepxnocmu — ypaBHeHHE BOJHOTO OajaHca
IIOBEPXHOCTHA U TOYBBI:

aw_ W +ZM9 =@ = E, ~E, = Qg ~ Qi B!

can

Tuoponocusn peunozo cmoka — pacnpeeyacHHbIe
monenu JanamadTaoro tumna (TOPMODEL,
TOPOG, MPATH, MODFLOW ).

uefxa ceTre MomeH
MOEEPXHOCTH

Jo 4 mxmoz
PACTHTENEHOCTE

nen 16.7%

ozepa PACTHTEIEHO
16.7% cts 50%

EeTIAK
OKRAH |

FEL 0,
3% 33%

XEOFEER,

¢ EEUHOIEMEHELR
neca 45%

1lsporomeerT.,
mHeTOnag, nec 25%

Tpaza 15%

lonax noEepxHOCTS
15%

Bacceiot rap

¥t p10 e o P TH H

PeUHOTO CTOKA




DOTOCHUHTE3 U YCTBUIHOC COIIPOTHUBIICHUC

A e,
g, = m—
e.

S 7z

P, + b

artm

M — empirical parameter;

A — speed of leaf photosynthesis, A=0,when Tv < Tmin;
Cs- concentration CO2 on a leaf surface;

Ei - pressure of the saturation vapour inside a leaf;

Es - pressure vapour on a leaf surface ;

B - minimal stomatal conductivity with A=0;

Patm — atmospheric pressure.

A =min(Wc, Wj, We)

We, Wj, We — determined from model by Farquhar et al. (1980) and
Collatz et al. (1992)

STOMATC POIE =————

glucose (CiHi:09



Physical Climate System

SGlokal Cardbom Cycle
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Bbunoxumnueckue nmoroxku. CH4

The Global CHy-Cycle )

Physical Climate System Global Methane Cycle Anthropogenic Sources

[Stratosphere: 40|

Atmosphere Atmospheric CH,4 Fossil sources: 103
Lifetime: 8.0 years  1720ppby Animals:
@ Rice paddies:
Biomass burning: 41
c Landfills: 40
4

Land-
surface

-1,
-

O,
69

Soils: 28
Gashydrates
——————————————— Sediments! Permalfrost

?

numbers from: Heinetal, 1997 sourcesisinks: TgCHqlyr




YTO nporHosnpyet moaenb buocdepbl NOBEPXHOCTY
3eM/IN:

* Vegetation composition, structure

* Radiative fluxes

e Momentum and energy fluxes

* Vegetation and ground temperature

e Soil and lake temperature

e Surface hydrology (snow, runoff, soil water, canopy water etc.)
e (CO2 emissions from terrestrial vegetation

 (CH4 emissions from natural wetlands

e Soil —biogenic emission of NOx etc.



VZ2I1BIO: Net COZ2 {(mu mol// m~2 <) JuL.,19883).
o

soe

W21TBIO: Net €02 (rmu mol// mm~Z2Z c) UDUL [ 1990).
o

180 so=




Biochemical fluxes (coupled framework)
CH4

coupled simulation against  observations (Muller,1992)

V21bio: CH4 fluxes from wetlands, JUL

Muiller,1992: CH4 emissions from wetlands, JUL
180 9uw [\ N 90E

I 4 4
0 002 004 006 008 0.1 012 0.14 0.6 0.18 02 0.22 0 2e+01%e+01Be+01Be+011e+0122e+0124e+01Be+01Be+012e+0122e+012

GrADS: COLA/IGES GrADS: COLA/IGES



CH4 emissions from natural wetlands (coupled framework)

_West Siberia

Net CH4(mu mol/m*2 c)
West Siberia,1984
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0.005 -
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1984
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a) Baccesoo ObGxt

b) Baccesot
Excuwe=x

c) Baccefoc Jlexox
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I100ajbHast MOJeJIb JUHAMUKHA pacTuTeabHOCTH. Ilenn

e I'moGanbHas Mojenb JMHaMUKK Beretamuu (M/IB)
npeIHa3HAYCHA JIJTSI OMUCAHUS JOJITONIEPUOTHOTO
B3aMMOJICHCTBHS KJIMMaTa U paCTUTEILHOTO OKPOBa
ITOBEPXHOCTH.

 Mogenp TMHAMHWKH BErE€TAldM MCIOJb3YETCSI COBMECTHO C
moaeabro KC. PacnipeneneHue u CTpykTypa
PACTUTEIBHOCTH B 3HAYUTEIIBHOM CTEIIEHU KOHTPOIUPYIOT

Onou3NYECKUE MPOLECChl B3aUMOJICHCTBUS B MOACIIH
KC.



I100anbHast MOAEJIb TUHAMUKHA PACTHTEIbHOCTH.
Onucanue

Tpu Tuna npoueccos:

* Mcznoeennwie npoueccol (0uopusnyeckue u

OMOXHUMHMYECKHE) — MTHOBEHHBIN 00MEH Heprueu,
Bjaarou, CO2, CH4 u T1.21.

¢ Bblcmpble npoueccosl — CREAHCBHOC IOABJICHUC U
OTMHUPAHHUC JINCTBbI

* Meonennsie npoueccol — MEKIroaoBasi U3AMEHYMBOCTh B
pacnpeaeJeHUd U CTPYKTYpe PACTUTEIbHOCTH



PacTurte/ibHbIE OMOMBI. (I)yHKIII/IOHaJII)HI)Ie THUIIbBI
PACTUTC/IBHOCTH

Crpykrypa 0MomMoB
onpeneseTcs:

IHapamerpamu ¢pusnoioruu
pacTeHuu

OnTuyecKUMH CBOIICTBAMH
KPOHBI

JIMcTOBBIM MHAEKCOM

BOCII]JOHBB eJleHe pacTUTeJIbHbIX BHOMOR

Evergreen Needleleaf Forest

Evergreen Broadleaf Forest
KaPTa PACTHTE b HBIX

Deciduous Needleleaf Forest Gromos

Deciduous Broadleaf Forest

Mixed Forest

+ Closed Shrubland
Open Shrubland
Woody Savanna

< Savanna
Grassland

|

- Barren/Sparce Vegetation

Cropland/Natural Vegeatation

Cropland
Urban and Built-up

- Snow and Ice

- Permanent Wetland



BocnpousBeieHne pacTUTEILHOIO MOKPOBA

[IpocTeie Mmoaenu

SIBHO ONMCHIBAIOT MPoIECCHI (MOsIBJIEHUE, POCT,
O0TMHMpaHHUe), KOTOpPbie BeAyT K H3MEHEHUI0
CTPYKTYPbI PACTUTEIbHOCTH IIPU U3MEHEHUH
KJIMMATA; IepeBbsl KOHKYPUPYIOT MeKIY co00i 3a
pecypcebl (PAP, Bojga, nuTaTe/ibHbIE BellleCTBA)

N3menenus B pacnpenejieHud (PyHKIIUOHAIBHBIX
TUNOB pacTuteJbHOCcTH (P TP) onuckiBaroTCst
HesIBHO B pe3yJibTrare usMeHenust NPP u 0momaccnt
DTP; v, Tf- XapaKTepHble BpeMeHHbIe MACIITAObI
3TUX NMPOLECcCOB; f - MOTEeHIIHATBHBIA BUJL
JAepeBbeB, V — 4YaCTh TYEHKHN, 3aHUMAEMO TaHHBIM
BHU/IOM /IepeBbeB

o _ 1
dt_rf(f /)
dv

1.
—=—W -v
dt ’L'V( )

Aueiora ceTrme MmomeT
TIOEEPXHOCTE

Jroboe KumrecTEO

THIIOB

nex 16.7%

ozepa PaCTHTENEHO
16.7% eTs 50%

EeTRaK
233
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annual average temperature (deg C)

da3oBoe KIUMaATHYECKOE nMpocTpancTreo M/IB

B koopaunarax cpeaHeronoBoil remneparypbi(C) u ko3¢ duunenra BoIHOro
0asanca (MM/ron)

e

—2000 —1000
water balance

Climmate Space of structural vegetation classes

' 'broa‘d leaf forest

il
grass/shrub

. needle leaf fores

1000

coefficient {mm year™)

2000




Yacrb COTHEYHON paIUuANMU MOIJIOIEHHON KPOHOM
pactuteabHocTH (%)

e BaxHeulun pecype, Noay4yaeMblid paCTEHUSIMU B pE3YyJIbTaTe
KOHKYPEHLUU

YacTe MOMIONIEHHOH PacTHTEIBHOCTRR CONIHeWHOH pampares (90)

a EC E 12C E 180 120 w &€ w o

[ 1T 1 T T T

003 003 014 0,19 0.25 030 0355 041 047 052 057 063 069 0.74 080 085 0.90 0.965




- Water Temperature Radlatlon!

NTSE C.Churidna and S.%.Runalng MNutrante




Jlunamuka Beretauuu: 1998 — 2078 rr (cuenapuit NCAR — LSM&DGVM
)

NEEDLELEAF EVERGREEN TREES BROADLEAF EVERGREEN TREES NEEDLELEAF EVERGREEN TREES BROADLEAF EVERGREEN TREES

19898 2078

DECIDUOUS TREES DECIDUQUS TREES




