MO,E[EJII/IPOB&HI/IE AedTe/IbHOI'o C/I0A CyIIr KdK YdCTH
KTAMaTUueCKOW CUCTEMBI: (1)I/IBI/II-IECKI/IE nu
BBIUMC/INTE/IbHbIE dCITIeKThI

B.M.Crenanenko', A.1.Mezasezes', B.FO.Boromonos?, A.B.Je6ombckuii 4,

E.A.Mapuyk®!, E.J.lIposaos!, B.H.JIeikocop?:!

LMI'Y umenn M.B.JIoMoHOCOBa (HayuHo-HCCI1e/[0BaTe/IbCKUiA BBIUMC/IATE/bHBIH LieHTp, [eorpaduyeckuii
takynsrer MI'Y nmenu M.B.JTomoHOCOBa)
2I/IHCTI/ITyT BBIYNC/UTENEHONM MaTeMaTuky uM. [.V.Mapuyka PAH
3I/IHCTHTyT MOHMTOPHHI'a KTMMaTUUeCKKX U 3Konornueckux cucrem CO PAH
4YHcTuTyT Qusnki arMocdepst iM. A.M.OGyxoa PAH
5TuapOMeTeopo/IorMueCKHiA HayuHO-MCCIIe/l0BaTe LCKHIA 1eHTp Pocchn

HayuHo-06pa3oBaresibHbIH 1jeHTp ” CyTiepKOMITLIOTEPHBIE TEXHOIOTUN”

CemMuHap
”CyIepKOMITbIOTEPHBIE TEXHOJIOTHY B HayKe, 06pa30BaHNU U MPOMBIIUIEHHOCTH”,
Mockga, MI'Y umenu M.B.JIoMmoHOCOBa, 26 HosiOpst 2019 1.
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CogepkaHue

Mogenu 3eMHOM CUCTEeMBI, POJIb AESITebHOIO C/I0s1 CYLLr
o [ToTOKM SIBHOTO M CKPBITOTO Ter/ia C MOACTU/Ia01el TOBEPXHOCTH

TenoByaronepeHoc B rouBe
o CHe)XHbIV MOKPOB

ITapameTpusarys BOL0EMOB

[TapameTpu3sarusi BOZOTOKOB
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OBO/IOLIMS MoJerier Knumarta (3eMHOW CUCTeMBbI)

COUPLED CLIMATE MODEL

1990 1996 2001 2007 2013
Mid-1970s  Mid-1980s FAR SAR TAR AR4 AR5

\

)

Atmosphere ‘_ ‘

Land
Surface

Ocean and
Sea Ice

Dynamic
Vegetation
i Can )
Chemistry ? .‘0
Land Ice oL

Mid-1970s  Mid-1980s FAR SAR TAR AR4 AR5 m
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Mopens 3emHoi cucteMbl UIBM PAH

Developed by Russian consortium lead by Institute of Numerical Mathematics
Model includes:
@ Atmospheric dynamics
Soil and vegetation
Oceanic dynamics, including sea ice
Carbon cycle
Aerosol module
@ Some electric phenomena
Participated in: CMIP3(2003-2004), CMIP5 (2010-2011)
Participates: CMIP6 (2017-2018)
Current versions:
o INM-CM4-8: Atmosphere 2x1.5 degrees, 30 levels, the uppermost level at
10hPa. Ocean: 1x0.5 degrees, 40 levels
o INM-CM5-0: Atmosphere 2x1.5 degrees, 73 levels, the uppermost level at 0.2
hPa. Ocean: 0.5x0.25 degrees, 40 levels.
o INM-CM5-H: Atmosphere 2x1.5 degrees, 73 levels, the uppermost level at 0.2
hPa. Ocean: 0.5x0.25 degrees, 40 levels.
B.M. Crenanerko (MI'Y) MoznenupoBaHue CYLIN... 26 HOAOPA 2019 . 4/40




Posib OUBBI B MpejCKa3yeMOCTH COCTOSIHHAS aTMOC(epbl

Mepa npeicka3yeMOCTH COCTOSIHUS Guo et al., 2012, J. Climate
aTMocdepsl Ha Maciitabax Bpemenu 40-60
JHel:

© CO C/IyyalHbIM pacrpesiesieHieM
B/JIQKHOCTH B Haya/IbHbIi MOMEHT
(cBepxy)

@ C pea/MCTUYHBIM pacrpe/ie/leHHeM
B/JI&)KHOCTH B Haya/IbHbIi MOMEHT

(cHu3y) 0.21
Conil et al., 2007, Clim. Dyn.:
”While in the tropics SST 0.19
anomalies clearly maintain a
potentially predictable variability 0.17
throughout the annual cycle, in the
mid-latitudes the SST forced 0.15
variability is only dominant in
winter and soil mositure plays a 0.13

(LA/0)

leading role in summer.”
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Po/b B/IaXKHOCTH TTOYBEI B COOBITUSAX aHOMAa/IbHOU JKaphbl

Miralles et al., 2014, Nature Geoscience

Heat smrammsnt 2010
Increased
heat advection Pre-heatwave Mega-heatwave
and solar radiation ) :
Tempera(ure 4/, - . >

ABL growth
Surface sens\b\e heat

Evaporation

Soil moisture deficit

Progressive desiccation Soil
S e e%s

Time

Figure 4 | Land-; i ions during meg:

revisited. Representation of the main soil moisture-air temperature
interactions in the development of a mega-heatwave. Red and blue arrows
represent positive and negative correlations, respectively.
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Baroo60poT B KIMMaTHue CKOU CUCTEME

e— -
7\ precipitation condensation
'\‘\ "f.;*,," ,toland evaporation/
N A from precipitation evaporation
e/ from land

evaporation™ transpiration—""
fromrfwater from vegetation
surface / q 4
surface runoff va}poratl_on evaporation
Py rom soil | from ocean
evaporation
from reservoir

water table precipitation
to ocean

surface outflow

flow  T~<___ >

percolation
(deep)

ey
3 _,groundwater outflow / ;/

—

saltwater intrusion

[ soil moisture [ groundwater ocean covers 71 percent of Earth's surface
196,950,000 sq mi (510,000,000 sqg km)

© 2015 Encyclopzedia Britannica, Inc.

Water bodies occupy ~ 1.8% of land surface. Soil moisture is the key factor of
surface evaporation and energy cycle. Soil moisture is the most variable
component of land.
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Mopgesib gedarensHOro cios cywi UBM PAH-MI'Y

Horizontal Grig
(Lavtsoe-Longitude)

@ Moze/Ib TeIl/IOB/1arorepeHoca B Vet Py
riouBe (23 ypoBHSI)

Physical Processes in a Model
@ Moze/lb CHE)KHOTO TIOKpOBa (4
YPOBHS)

@ 3(deKThI pacCTUTETHFHOCTH Ha
TeIIoBIaroobMeH

@ MapaMeTpu3alivu MpoLieCCOB
YIJIEPOJHOTO LIUKIa
(doTocunTe3, 3MUCCUS METaHA
6o/0TaMu)

@ Mogesh BOI0éMOB (21 ypoBeHb)

@ Mojie/lb peUHOU ceTH
(BepTHKa/IBLHO OCpeJHEHHAS)

MoaenvupoBaHue CYILIHN. .. 26 HoRGpA 2019, 8/40



Tunbl IMMOBEPXHOCTHU U 3HEPFETI/ILIECKI/II>'I 6aHaHC
Exemplified by INM RAS-MSU land surface scheme

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

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

Sensible heat flux is calculated using cell-mean surface
temperature 7' = Z?Zl a; T ; (o — i-th tile fraction)

Latent heat flux is aggregated from individual fluxes over each tile,
LE =Y} | a;LE;
Momentum and scalar
roughness lengths are taken
as single values in each cell

snow

B.M. Crenanenxo (MI'Y) MoznenupoBaHue CYLIN... 26 HOAOPA 2019, 9/40




Teopust mofo0ust A1 IPU3EMHOTO CJIOST

Surface fluxes are computed from flux-profile relationships:

=% () we () o ()]

20u

o= () -0 (3) - ()]
0= (2] - (3 0 ()]

Scales: L (length), u. (velocity), )
0. (temperature), g, (humidity). A.S.Monin A.M.Obukhov

Input parameters:
@ surface temp. and hum.

@ temp., hum. and wind
in surface layer

Key uncertainties:
@ universal functions ¥

@ roughness lengths: 2., 200 " ; K
MO,E[EJ'II/IDOBaHI/Ie CVILIN... 26 HoAGpA 2019 T
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[ITepoxoBaToCTh NTOBEPXHOCTHU

@ Momentum roughness is usually given as constant for each individual surface type (bare
soil, high vegetation, low evegtation, snow, etc.):

@ In INM RAS model, scalar roughness is calculated, irrespective of a surface type as:

—2.43, Re.o < 0.111,
In (;—0) —{0.83In(Re) — 0.6, 0.111 < Re.o < 16.3,
0
0 0.49Re%%, Re.o > 16.3,

where the Reynolds roughness number is

Ux 20
Re.o =

M

@ For water surface, Zilitinkevich et al. (2001) provide:
1 20 —27 Re.o < 0.].7
—In (7) = 1/2
KT 200 4.0Re,;” — 4.2, Re.0 >0.1

B.M. Crenanenxo (MI'Y) MoznenupoBaHue CYLIN... 26 ORGP 2019, 11/40
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TernioBaroriepeHoC B royse

YpaBHeHuUe TipUTOKa Teria (1" — Temrieparypa):

oT o, oT
— = —Ap— L;F; — L,F,
Pt = 9: oy TPl )
YpaBHeHue niepeHoca >xuiko Baaru W (Moene and van Dam, 2014; T'enbdan, 2007)
(3akoH [dapcu):
ow 0 ov 9] ow ol oy
— =—— |-y =—+1 F=— | Aw—+XA1— —+ F
ot w[”(&*)]* 8Z(W82+18z)+8z+
Ba)kHa 3aBUCUMOCThH MOTEHIMA/Ia TOYBeHHOW Bjaru U U ry/[paB/inueCKo

TIPOBOJMMOCTH y OT Biia)kHOCTU W U cofiepkaHus nbja .
YpaBHenue auddy3un BogsHoro napa V':

v o . v
vV _9\ Y p
ot 9.V o.
JyHaMKKa cofepsKaHusi IbAa I onpeensieTcs TOAbKO (ha3oBEIMH MepexoaMHu:
o1
= _F
ot

B.M. Crenanenxo (MI'Y) MoznenupoBaHue CYLIN... 26 HOAGPA 2019, 12/40




[ToTeH1[Man MOUBEHHOM Baru

Clapp and Hornberger (1978):

b
v = \Ijsat (i)

€
o
e}
@
2
0. >
2
van Genuchten (1980): 3 @
5 Ns
5 o2 i
—1/m 1/n 2 23 .— Increase n
(S - 1) H ot o H
Y= 7 = g B L 3 - Increase o
= 3 © c© © S :
Qg @ 'R
s £
S _ 0 - 07‘&3 : g
esat - 07‘63 gres 9561 -
- Water content (cm3 cm=3)
IIpeumymiectsa vG1980 Osat = bres = range

(KyumeHT u ap., 1983; I'nobyc, 1987; Tenbdan, 2007):
@ JTyulllee COOTBETCTBHE KaueCTBEHHBIM 0COOEHHOCTSIM SMIMPHUECKUX 3aBUCUMOCTEH
@ rapaMeTphl ¢y U 1 UMEIOT (PU3NUeCKUii CMBICT

@ B (U3VKe IIOYB I10 ITApaMeTPaM (g U 1 HAKOIUIeH OOJIBIION MAaCCHB JaHHBIX
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OddeKT pa3mMuHON TUAPAB/. XapaKTePUCTHUKH TTOUBbI
Braun and Schédler, 2005, J. Appl. Meteorol.

Krnann-XopHOeprep — e

s == 0,07 m(simulated) s 0,15 m (simulated)

[—o— simuiated  —o— observed

—— 0,03m (observed) - 0,07 m (obscrved) 0,15 m (observed)
0,35
o 0.09 »
/N\\_\/‘ \'\F\N 7

VAL
Wt [

E 0,07 B
£ /7
3 ’
&2 ’
d
0,15 d
T T T T T T T T T

nas Vi 0,03 4
BaH ['eHyxTeH / ] B

T 0304 tvvn] E 007
o <
E g
= a

0,15

T T
025 030 035
E 084 0 (m?m?)
£
c 0,64
S
s
£ 04
5]
3
o L1l J
0,0 T T
0 6 12 18 24 30 36 42 48

Simulation Time (h)
Vicrionb30BaHMe MOTeHIMasa Bjiark BaH ['eHyXTeHa CyllleCTBeHHO y/yylllaeT KaueCTBO
MO/Ie/TMPOBAHMUS B/IA’>KHOCTH TIOUBHI 10 CPAaBHEHHIO € Mojiesbio Kitarma-XopHbeprepa.
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[ToBepxHOCTHAas (hUIBTPALUS

IToTok Bnaru @q Ha TIOBEPXHOCTH e Shirkage Macropore
ITOYBBbI: et modert Overand
- | Fow
q=P—F —qs, v l.
- ihteraction!

rae P — ocagku, F — ucnapeHue,
(s — TIOBEPXHOCTHBINA CTOK.

Interception

Qs = qsat T Qunsat,
Gsat = FsatP

CTOK C HaCbIH.IeHHOIZ IIOYBBI,

HOF  Hortonian overland flaw
SOF Saturated overland flow
SSF Subsurtace Flow

INF  Infitration

DP  Deep Percolation

MP  Macropores.

- -

Qunsat = (1 - Fsat) maX<O7 P — qmaz>
CTOK C HEHaCbIH_LEHHOﬁ T1I0YBbI

Fs4+ — nonst sSTUefKY C HaCBIIIIeHHOU
MOBEPXHOCTBIO MOYBBL, (e —
MaKCHMaJjIbHO BO3MOXKHBIH
WHOUIBTPAIIMOHHBIN TTOTOK.

IVIoIe TMPOBaHKEe CYILIM. .. 26 HonGpr 20197, 15/40



T'opu30HTa/IbHBIN 00MEH BIarol MeXXay ssueriKaMu

Clark et al., 2015

Pacxo/i [pyHTOBO# BOAbI ¢; BHU3 IO CK/IOHY
(3akoH [Jlapcu) Ha Kax/j0¥ IyOvHe Hike
YPOBHSI IPYHTOBBIX BOJ| 25t

W_Wcr

ou = t Y 11
Gout = t8(B)Y I

[ - cpefHuU yron Hak/IoHa pesibeda B siuelike,
~ — TH/paBanvecKast IPOBOJUMOCTb.

@ CTOK @y 00AB/ISIETCS B YpaBHEHHE
repeHoca BIary.

@ BemuuuHa gyt MOXeT J00ABSTHCS B
COCE/IHIOI0 HIDKEJIEXKAII[YIOo sTUeKy uau B
peuHoit CTOK.

B.M. Crenanenxo (MI'Y) MO,E[eanOBaHI/Ie CVIIN...

Wcr Wmax ‘W

'

water table

sat

Z

drainable
>
water

26 HosiOpsi 2019 1. 16 /40



|
Mopenb CHeXXHOIO IMOKpOBa

Bo/HO-3KBHBajIeHTHas TOJILMHA CHeTa
TIPY Pa3/TMYHOM OTTUCAHUM XKUZKOU BJIaTH B MOZE/H
(Mauyneckast, 2001)

1976176 1979080

or_o, or - P
ot 927" 0z e g
as
0z’
— Fy,.

YpaBHeHUst
TeT/I0B/IarornepeHoca:

CsnPsn

+ psanrFfr -

oW _
ot 0z

1076877 108081

Heyuét nosropHoro
TIpOMep3aHusl Blaru
MPUBOJUT K Gostee
ro3HeMy (Ha HeZeJTi)
CXOJly CHE)KHOT'O ITOKpOBa.

1077178 108182
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CHe>KHbIY TTIOKPOB B BBICOKOW pPaCTUTE/IbHOCTH

,HBH pE3epByapa CHera: Incoming Reflected Canopy wind Snowfall / Rainfall Incoming  Open wind
Shortwave Shortwave Profile Longwave  Profile
@ CHer, epexBaueHHbIA KPOHAMH — |
uHTerpanbHas (”6ankoBas™) / ‘

MO/ie/Tb, MAKCUMAaJIbHBIN 00BEM ~

LAI ﬁ%ﬂ; i lntcrcepnon Sublimation
o * @
@ CHer Ha IoYBe — MHOI'OC/IOMHAsI 2
Canopy == =
3 e -

Mogesb ¢ MoaudyrKalyeit pacuéra
TypOy/IeHTHBIX [TOTOKOB

Sensible &
Latent

Heat
Outgoing
Longwave

resistance to snow

v
Mass

" Janamited Relwse | [
I Snowcover Forest ] Snoweoxer (pen
o, aeaier) Storck. 2000: Garvelmann. 2014
[ P @sat(Tsk) (s @sat(Tsn)
Moubukarys pagrariioHHOro 6aaHca o +Te (1 + M) Ta + Ta,sn (1 + 1—‘;)
B JIeCy OIUChIBAETCS YIPOLEHHBIMU
cxeMaM# (IFS documentation, 2015)
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OddeKTsl MeTe1eBOro rnepeHoca

@ sddexT ycToiturnBoi (\/ \M%;/ ﬂ

cTpatudMKaLMM PU3eMHOrO Closg | A~ Al\\““\\ !
3a cuéT Hamuus yactul (Barenlatt i Ao
and Golitsyn, 1974; Wamser and Ao ~:\ = ‘/; e |
Lykossov, 1995) 2 = e e s 1
@ TpeHHe 3aTpaThl KHHETUUECKOH RSO *|
SHEepruy MOTOKa Ha OTPBIB YaCTHL] b , !
@ ucrapeHHe MeTeJeBbIX YaCTHL] S (G /% !‘
(BK/roueHo B Mogienb ISBA; Le Al

5 &
. o ) & o =
Moigne et al., 2018) H formanenl 1 _SE ok
WL E mem EREE
@ IIepeHOC CHera C BO3BBILIEHHOCTeH 7 ? - A .

™M Y . Pt

B noHmwkenus (Fan and Pomeroy, © Sublimation Loss
2009; MacDondald, 2009) | ] [

@ IIepeHOC CHera C OTKPBIThIX
Fallow Stubble

roBepxHOCTeil Ha 3anecéHHble (Fan Field Field Grassland Shaub Trees
and Pomeroy, 2009; MacDondald,
2009)

Downwind Transport to Sinks ————

Fang and Pomeroy, 2009
MO/:[E]II/IDOBaHI/Ie VIIIN... 26 HoAOPA 2019, 19/40




Example: cloudiness over the Ladoga Lake

Ice-free lake evaporates, and
resulting stratiform clouds are
advected to Finland.

Fig. 3. NOAA AVHRR thermal TR images over Finland and 5 ; . —
Karelia on 28 January 06 UTC (a) and on 29 January 00 UTC ;g:"’“jﬁm:
(b) 2012. The low-level cloud cover, shown with dark-grey shades, 1ot .
spreads first northward (a) and later westward (b) from Lake
Ladoga. Tn the single-channel images, the cloud over Lake Ladoga 15 /\ A / W
cannot be distinguished from the dark water surfaces. The stations )
o \ I‘f W
i WM M
Cloudiness increases the surface 2 fop A
net radiation, and 2m-temperature - | \/\M \\ \WI

rises by 15-20°C' 5

40
0124 0125 01/26 01/27 01/28 01/29 01/30 01/31 02001 02002 02003 02/04 02/05
Eerola et al. Tellus A 2014, 66, 23929, o 0 o 0 00 0 0 0 0 0 0 0 0

http://dx.doi.org/10.3402/tellusa.v66.23929 Date and hour
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COs emissions by lakes and rivers
Raymond et al., 2013, Nature

Longitude Longitude

Lakes Rivers

@ global emission of CO, by freshwaters is 2.1 Pg C yr—!

-1 1

@ lake emission is 0.3 Pg C yr™— -, river emissions is 1.8 Pg C yr—

@ significant contribution of Volga hydropower reservoirs

B.M. Crenanenxo (MI'Y) MoznenupoBaHue CYLIN... 26 HOAGPA 2019, 21/40
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1D lake model framework

1D equations result from boundary-layer approximation

@ 1D heat and momentum equations U E’l s
@ k — e turbulence closure . E,
@ Monin-Obukhov similarity for surface fluxes H,LE g g l
@ Beer-Lambert law for shortwave radiation
attenuation Snow
@ Momentum flux partitioning between wave
development and currents (Stepanenko et al., _
2014) Water
@ Soil heat and moisture transfer including phase
transitions

@ Multilayer snow and ice models

1D concept does not suffice the greenhouse gas
modeling task, as it does not take into account
differences between C Hy & C'O2 emissions at deep
and shallow sediments

MoaenvupoBaHue CYILIHN. .. 26 HonGpr 2019r. 22/ 40



OJHoMepHbIe ypaBHeHUs [j11 3aMKHYTOr0 BOJ0éMa
KomrioHeHTBI CKOPOCTHU U CKaJ/IApHbIE BeJIMUUHBI /1A
HeCKMMaeMou JKUJAKOCTU MOAUYUHAKTCA YPaBHEHUAM: e l -
Cg o _cauif _ an z
ot Ox; Ox;

=H

+ Rf(f, ),

Orepaniisi 0OcpefjHeHust 110 ceueuto A(z):

f=-= fdzdy.
A(z) AC2)
INonarast MajbIMU YKJIOHBI AHA, W = 0, IMeeM: AN J
Bf c 19 of o
—— up -n)dl +——= ( Ak 2=0
at A /1" A=) f(un -m) Adz ( ) ) 3aunmcTBoBaHo 13 (J6hnk,2001)
[IpUTOKM 1 MCTOKK ~ DBePTHKATbHAS Auddysus
1 OAF,. 1 dA _
A 52 +Za[Fnz,b(Z) + Fep(2)| +Rs(f,...) .
n
[vB. Heanhdy31OHHOTO ITOTOKA IMoToku Ha gHe CTOUHNKM

3nech F;, — BepTUK. 0., F,,. — BepTUK. Heigfg6 [I0TOK
v ACJlYllJU nyvic \.)’ 26 HosiOpsi 2019 1. 23/40
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Biogeochemical processes in the model

@ Photosynthesis, respiration Sinks and sources of gases in a lake

and BOD are empirical . .
functions of tern;)erature and Biochemical (—\
Chl-a (Stefan and Fang, avgell 0,
1994) demand e
@ Oxygen uptake by sediments (BOD)/ [T\
(SOD) is controlled by O- Elentary Ph0t4synt}1esis
concentration and L [~/
temperature (Walker and oxygen T Methane
Snodrgass, 1986) de(‘ma Regpiration production
@ Methane production 39D) L
x Py qlTO_TU, P, is calibrated / Methane
(Stepanenko et al., 2011) oxidation —
@ Methane oxidation follows CO, CH,
Michaelis-Menthen equation Turbulent diffusion

Bubble transport

B.M. Crenanenxo (MI'Y) MoznenupoBaHue CYLIN... 26 HOAOPA 2019, 24/40
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[TpoBepka mozenv LAKE Ha JjJaHHBIX W3MepeHun

| Osepo | Tepmopunamuka | CHy | Cos | Cebuika |
| Benpgropckoe | + | - | - | (Crenanenxo, 2007) |
| lyuse | - | + | - | (Cremanenko u p., 2010) |
‘ Kossenblatter (I'epmanust) ‘ + ‘ - ‘ - ‘ (Stepanenko et al., 2013) ‘
‘ Valkea-Kotinen ‘ + ‘ - ‘ - ‘ (Stepanenko et al., 2014) ‘
(PuHSAHAYS)
‘ Kuivajarvi (Punssus) ‘ + ‘ + ‘ + ‘ (Heiskanen et al.,, 2014;
Stepanenko et al., 2016)

| Kivu (Korro) | + | - | - | (Thiery et al., 2014) |
| Cenpa | + | + | - | (Guseva etal., 2016) |
| Bompwoit Bumoi | + | - | - | (Stepanenko etal., 2018) |
| ¥6ey-Hyp (Mosroms) | + | - | - | (Cremanenko u p., 2019) |
‘ Alqueva (IToptyramwis) ‘ + ‘ - ‘ + ‘ - ‘
| Suva (Inomus) | + | + | - | - ‘
| Moxaiickoe BAXp. | + | + | - | - |

B.M. Crenanenko (MI'Y)
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Inter-Sectoral Impact Model Intercomparison Project

biodiversity

ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project

lakes

agriculture

health
global biomes

ISIMIP lake sector

fisheries

MoaenvupoBaHue CYILIHN. .. 26 Hostips 20191

coastal infrastructure energy supply & demand

regional forests Don Plerson and Wim Thiery | 160572018 | 2
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[osis niolaiu CyIy, 3aHsiTasi 03épaMu
Basa panneix Choulga et al., 2014

Lake fraction, level = 1, time = -- hours

10t 10°
B.M. Crenanenxo (MI'Y) MoznenupoBaHue CYLIN... 26 HOAGPA 2019, 27/ 40




Opranusanus pacuétos /s npoekrta ISIMIP Ha
JlomoHOoCOBe-2

LIMPOTHO-Z0/T0oTHas ceTka 0.5° % 0.5°

@ 0a3a JaHHBIX I10 MPOCTPAHCTBEHHOMY
pacripezesieruto 03ép (Choulga et al.,
2014)

@ 0a3a JaHHbIX 10 r1ybuHam 03ép (Choulga
et al., 2014)

o xmmmaruueckue mogenu: GFSL, MIROC,
HadESM, IPS

@ CL|eHapW¥ M3MeHeHW# KJIMMara: picontrol,
historical, rcp26, rcp60, rcp85

100 sigep/3anyck
pacuét 10 niet 5-6 y

~ 170 000 npoyeccopo-yacoB

pasMep BXOAHBIX Y BbIXOAHBIX JaHHbIX 120

T6
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[Tposo/mKUTeTbHOCTD JIeTHeW CTpaTU(UKal[My B 03épax

PacuéTel B pamkax npoekTa ISIMIP, 1670 r.
stratdur, level = 1, time = 1.0 hours
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V3meHeHue Tpofo/KUTETBHOCTH JIej0CTaBa Ha 03épax

Knumarnveckuii ciieHapuii RCP8.5 (”arpeccrBHbINA”)

Baikal Ladoga
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B XX1 Beke oxxugaeTcs:
@ COKpalljeHue TIPOJO/DKUTENBHOCTH JIe[THOTO TIOKPOBa Ha 038pax

@ yBeJIMUeHHe ITOBTOPSAeMOCTH 3UM 6e3 JibJia
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Posib pek B KTMMaTU4eCcKou CUCTemMe

e river runoff affects thermohaline circulation
e river runoff is the most precisely measured component of the land water balance
e rivers are considered as an substantial player in land carbon cycle

o the level and ice regimes of rivers can become the one of the most in-demand output of

ESMs
[ Atmosphere | Hs51E-1538: A global data analysis of sediment and
1.2 organic carbon yield for modeling riverine
biogeochemistry

Conference Paper - December 2016

2.7, 0.9
0 3rd Hongyi Li
%’_J Abstract
0.6 Although soil erosion could have significant impacts on the global carbon cycle and the well being of aquatic and
All values are in Pg C yr—1! (Battin et al., 2009)
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Peunrbie 6acceiinbl B Mmogenu BM PAH (2°x1.5°)
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@ 54 major basins
@ surface and subsurface runoff are integrated over basins and instantaneously “added” to

oceans in salinity equation
@ no river tile in the surface energy balance calculations
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HaHpaBJIEHI/IH pe4yHOro CTOKa I10 MeTOAy MaKC. I'PaAWEHTd

Amazon basin flow direction
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The Yellow river (Huang He) basin flow direction
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At the coarse grid maximal
gradient method causes
erronous flow directions

Ob basin flow direction
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ba3snl AdHHBIX I10 HaHpaBHEHI/HO peqHOFO CTOKa
Exemplified by (Yamazaki et al., 2009)

Stream upscaling

Coarse-resolution cells Fine-resolution pixels
4
River B
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~ Fine-resolution flow path  memmefp Coarse-resolution river networks ] Outlet Pix

External parameters for river model:

@ flow direction

@ riverbed slope 70 80 % 100 110 120 180 140 15
. Fig. 6. Illustration of the Monsoon Asian part of an upscaled river network map at the resolution of 1degree. Bold blue lines indicate riv
@ parameters of cross-section channels of the upscaled river network map, and circles indicate cells representing ariver mouth.
geometry
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YpaBHeHus ¢ dy3MoHHOM BOTHBI U UMC/IeHHasl CXemMa

Neglecting acceleration provides diffusive wave equations:

9SOV +U.)S) o s N
ot on =Bt ks g -
UO — lRQ/BSl/Z7

n
R = f(S).

If S is trapezium, then R is a root
of quadratic equation.
Second order MacCormack finite-difference scheme:

—_— ) At
g+l _ @ J J
St = i :EBSU»H (SU%]+Aﬁlw
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The scheme is conservative in volume. Needs smoothing (Yu and Duan, 2014).
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-
Bxirouenue pex B mogens cym UBM PAH-MIY

@ River data structures are implemented
as river-wise.

@ Pointer arrays along each river are
linked to cell-wise 2D arrays
of land surface model

@ Such data structures allow for
implementation for any 1D river solver

Offline implementation in INM RAS-MSU
land surface scheme:

@ 0.5deg. x 0.5 deg. grid
@ ISIMIP dataset on flow directions and slopes

@ rivers are coupled to surface and subsurface ru

@ ERA-Interim atmospheric forcing
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Pesynbrarsl MmogenvpoBaHus pacxoga Boasl C./IBUHBI

Pacxop CeBepHoii [IBUHBI B 6a30BOM BepCHH MOZ[eJTH
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Pacxop CeBepHo¥i [IBUHBI ITPH BK/IFOYEHUH MOZI€/I PEYHOM CETH U C yYETOM
MPOCAYNBAHUSI )KU/IKOH BJIar B CHEXKHOM TIOKPOBE
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YuéT ruipouHaMUUeCcKUX MPOLIeCCOB B PEUHOM CeTH C/IBUTraeT MaKCUMYyM pacxofa
PEKH B YCThe Ha ~1 Hefie/Tro, Ha CTOJIBKO >Ke CIBUraeTCsl MaKCUMYM IpH Ao6aBieHnn
rapamMeTpH3aliiy [IpOCaYuBaHuUs Tajlol BOABI B CHE)KHOM [IOKPOBe
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Pacuét Temnieparypsl peku
(CrenaneHko u fp., 2019)

YpaBHeHHe I1epeHoca Teruia:

d(ST) | d(UST) & ,
at =+ 81,’ = 835 . utthrdS +bsF,

r/ie HIDKHUI UHIEKC ¢r — 3HaueHus (GU3MUeCKUX BEeIMUWH B IIPUTOKAX, by — IIUPHHA PEKH Ha
MOBEPXHOCTH, F' — cyMMa pa/iMaljiOHHbBIX IOTOKOB U MOTOKOB TeIl/ia Ha TIOBepXHOCTH. [10TOKM
Ter1a Ha IOBePXHOCTH PaCCUMTHIBAIOTCS 10 Teopur MoHnHa-O6yxoBa (MCIO0/b3yeTCst COOTB.
TpolLielypa U3 MOJer KJIv
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Bpewms, gekafb!
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[MapasnnenbHasi peanu3aliys MOJie/id peYHOM CeTh
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MepBbIii YPOBEHDb pacrapasiie/IMBaHust — 10 PeuHbIM GacceliHam

BTOPO# YPOBEHb — 110 OT/JE/IBHBIM PeKaM (PeKH OfIHOTO Mopsifka 06pabaThiBaroTCst He3aBUCHMO)

nepeZiaua faHHbIX Mexxay MPI-niporieccamu, OTBETCTBEHHBIMU 32 PacuéT pek, C MporjeccaMu
armocdepHoit Mozienn
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Cnacmbo 3a BHMMaHue.

ared
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