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Beenexue

m O3épa 3aHumatot 1-2% nosepxHOCTU CyLum

m BausHue o3zep Ha kaumaT n kKAMMaTa Ha O03epa OXBaTbiBaeT
pas/inyHble MPOCTPAHCTBEHHbIE N BPEMEHHbIE MacwTabebl [Samuelsson
n gp. 2010; Tranvik u gp. 2009]

m [Tpouecchl, npoTekatoLme BO BHYTPEHHUX BOZOEMaX, TPeDyIOT yyeTa
npu paspaboTke rnobanbhbix mogeneii [Ljungemyr n gp. 1996; Tsuang
n ap. 2001]

m B rnobanbHeix Mofensix gns onucaHus o3ep UCNOsb3yeTcs
ofiHOMepHOoe NpubnxeHne

m [Insi JOCTUXKEHUS BBICOKON TOYHOCTM MOLENMPOBAHUS, HEODXOANMO
LOEeTaNN3npoBaTh ONMcaHne 0CObBEHHOCTel pesbeda BOSOXPaHUIMLLA
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Llens nccnegosanus

WNccnepoBaTe NpUMEHNMOCTL OAHOMEPHOTO NPUBAVKEHUST AJISt OMMCAHMS
TEPMUYECKON CTPYKTYPbl KPYMHbIX BHYTPEHHNX BOLOEMOB

3apaun nccnemoBaHms

m [lpoBecTu 4ncneHHoe MOAENMPOBAHUE TEPMOTNAPOANHAMUKI O3€Pa
BukTopusi ¢ ncnosb3oBaHNMEM TPEXMEPHON YMCIEHHOR MoAenu
3aMKHYTOro BOJOEMaA

m Co3patb pasnuyHble KoHdUrypauum mogenu osepa BukTopus c
pasHoll CTeneHblo AeTanu3aunn penbeda AHa, BKAOYAs
pasHoobpasHble onucaHus reomeTpuyeckoli hopmbl o3epa

m CpaBHWTb pe3ynbTaTbl MOAENMPOBAHUS TEPMUYECKONA CTPYKTYpbI
03epa 415 pasHbIX KOHAUIrypaLuii MOLENN C TOYKMN 3PEHNA 3aAaHuNA
penbeda o3epa
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O6bekT nccneposaHus Osepo BukTtopus

m PacnonoxeHo Ha akBaTope, Ha
BbicoTe 1134 M, TekTOHMYECKOe
NPOUCXOXKAEHNE

m nowags — 68 Thic. km? (BTOpPOE
no MIOWAAN NPEecHOe 03epo Mupa),
06BéM — 2760 km3

m [opusoHTanbHLIE pasmepsi:
320x275 km

m CpegHsisi rnybuna 40 m,
MakcumanbHas — 80 m [Hamilton
n gp. 2016]

m [pecroe, 80% npuToka - ocagku
[Sutcliffe, Parks u gp. 1999]

Densité de population (habitants/km?) ™ B OerCTHOCTﬂX O3epa I'IpO)KI/IBaeT
oko10 30 MUNSIMOHOB YesioBeK

PocT nnoTHOCTU HaceneHns: BOKpyr o3epa
Buktopus (1960-2015)

Pamunb Axtambesinos (HUBLL MIY) 4 /12



Ob6bekT nccnenosaHus Ozepo Bukropus

MODIS (2009) m DKBaTOpPUANbHbIA TUN
KaMMaTa

m CpepgHsas TemnepaTypa siHBaps
22 °C, cpepHsis TeMnepaTypa
nions 20 °C

B 2 JOXANMBbIX CE30HA B rof
npu cmewerun B3K:
anpenb-man un
OKTSIbpb-HOSIOPb.

m CpeaHeronoBoe KOMMYECTBO
OCafIKOB COCTaB/isieT
1500—1600 mm

m CyTouHbIli pexxum norogb! B

i) Septemb j) October | k) November | 1) December | palioHe o3epa
Figure 3: Monthly Mapped LST
XapaKTepusyercs
CpegHemecsiHasi TeMnepaTtypa noBepxXHOCTU O. WHTEHCNBHBIMW HOYHbLIMU
Buktopus no gavHeim MODIS [Muhindo & Anthony LITOPMaMWN HajZ O3EpPOM.

2012]
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Ob6bekT nccnenosaHus Ozepo Bukropus

Bpusosas uupkynsuns B Ce30H JOXAEA CNOCODCTBYET (hOPMUPOBAHNIO CUITbHbBIX
HOYHBIX FPO3, KOTOPbIE €XKEerofHO CTaHOBSATCS npuyunHoi cmeptu ao 5000
MeCTHbIX pbibakos [Thiery u gp. 2016]

Nighttime: 01:30 UTC / 04:30 EAT Daytime: 13:30 UTC / 16:30 EAT

SOUTH SUDAN' SOUTH SUDAN

UGANDA
-

Lake Victoria
i ey

‘ TANZANIA 4 ¥ TANZANIA
| =

Average Precipitation Rate (March-May, mm/hr)
S

0.0 05

VepearenHoe 3a 18 net (2000-2018) konn4ecTBO 0cafKoB AJ1si HOYHbIX (C/1€Ba) N [AHEBHBIX

(cnpaBa) cpokos Habatogenns no gauHeimM crytHukos TRMM n GPM
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LAKE3D. Onucanne mogenm

® Mogens paspabortana 8 HUIBL, MI'Y E. Moptukosbim, A. Jebonbckum n .
Mapckux [Gladskikh v gp. 2020; Mortikov u gp. 2019; Tnagckux u gp. 2021]

m TpexmepHas 4uciaeHHass MofeNb TEPMOTMAPOANHAMUKN 3aMKHYTOrO
BOJ0EMa, OCHOBaHHas Ha ocpefHeHHol no PeliHonbacy cucteme ypaBHeHui
TEPMOrMAPOAMHAMUKI B npubnmxernn ByccuHecka u rugpoctatuku

M= —A@u) + Dy (, Ay) + Dy (#, Ky +) g - 8.2 [T pdz’ + fo,

% = ~A(0) + Dy (2, Ay)+ D (0, Ky +v) g 21— £

fz pdz’-fu,

Po dy
Vi = r9u+80+r9w_

ox dy dz

L= —A(T) + Dy (T, M) + D, (T, Ky + x1),

p =p(T), 21+ (yVy)n =w
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Hactpoiikun mogenu

m PacyeTbl npoBeaeHbl Ha cynepkoMmnbioTepHOM knactepe WHcTuTyTa
BbIYMCINTENBbHOR MaTemaTuku um. Mapyyka PAH

m AtmocdepHblli (hOPCUHT — METEOPOJSIOMMYECKUE XapaKTEPUCTUKM
(BaHHble peatanuza NCEP/NCAR) B nepuog ¢ 1 mas no 22
HOs10ps1 2022 roga

m TemnepaTypa

AtmocdrepHoe faBneHune

30Haana;| N MeEpNANOHANbHAA KOMMOHEHTblI CKOPOCTN BETPa UnV

Huncxopsiwme noTokn conHevHoi paguauun

BnaxkHocTb
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DKCNepUMEHTbI

1. Mapannenenunes 325x275 km ¢ 2. «Yaway c naowagsaMm ceyveHusi Ha 3afaHHbIX
rnybunamu 40 n 60 m YPOBHAX 1 COOTHOLUEHWEM OCeil annunca, onpege-
NéHHbIMK U3 BaTumMeTpUn

o =

/ AN
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150000 -50 [ 10000 20000 30000 0000 50000 60000

Area fkm*2)

100000

S, 7 3. BaTumeTpusi ¢ pas3inyHbIM pa3peLIeHeM:
50600 00000 15000020000025000000000 50000 m 32x32x32 (~10 km)
B 64x64x64 (~ 5 km)
m 128x128x64 (~ 2.5 km)
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PesynbTaTh! |
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PesynbtaThl |l
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Tpachuku cpegHeii TemnepaTypbl MOBEPXHOCTYU o3epa (Mali - Hosi6pb 2022)
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BbiBoabi

m PaspabotaH Habop koHdurypaunii mogenn LAKES3D pns
TECTNPOBAHUS MOAENINPOBaHUSI TEMNEPaTYpPHOro pexxnma o. Buktopus

m [etanusaunsa oporpacdnyecknx ocobeHHOCTel OKasana CyLeCTBEHHOE
B/IUSIHNE HA OMWCAHNE TEPMUYECKO CTPYKTYphI

m [lpogemMOHCTprpoBaHa BLICOKAsi YYBCTBUTENBLHOCTL MOLENN K
pa3peLleHnto BaTUMETPNYECKNX faHHbIX

Byaywue uenn

m Kanubpoeka 3D-mogenu nytem cpaBHEHWS pe3yNbTaTOB MOLENMPOBAHUS C
JaHHBLIMW HATYpPHbIX HabntogeHni

m TecTupoBaHue BANSIHUSE aTMOC(EPHOro POPCUHIa Ha Pe3y/bTaThbl
MOZLENNPOBaHNS
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HononHuTenbHble cnaiigbl |

Hierarchy of lake models by dimensionality

03D models (Reynolds equations in Boussinesq approximation)

i O 5 5 dulu!
g MG VB 5 o P T vV
Jt - dx; Po dx; P ox;

2D models — 3D equations are averaged in horizontal or vertical
plane

01%: D models — vertical transports are resolved, horizontal
processes are resolved partially

1D models — only vertical processes are simulated

% D models — vertical processes are simulated in simplified way
(not explicitly)

10 D (bulk) models — obsolete
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HononHuTenbHble cnaiigbl 1
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HononHuTenbHble cnaiigbl 1

1D7 framework

Traditional 1D model concept

-— ., [

1D model concept
e 1D" model includes friction, heat and mass exchange at the lateral boundaries

o Heat, moisture and gas transfer are solved for each soil column independently

-—w o,

In 1DF model horizontally averaged quantity f obeys the equation:

af a af
- = — kr— + F(z,t L
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HononHuTenbHble cnaiigbl 1\

A list of validation sites

EﬂE_

Vendyurskoe (Russia) + Stepanenko, 2007
Shuchi (Siberia) - + - Stepanenko et al., 2010
Kossenblatter + - - Stepanenko et al., 2013
(Germany)
Valkea-Kotinen (Finland) + - - Stepanenko et al., 2014
Kuivajarvi (Finland) 45 + 45 Heiskanen et al., 2014,
Stepanenko et al., 2016
Kivu (Kongo) + § - Thiery etal., 2014
Seida (Russia) + 4t - Guseva et al., 2016
Bolshoi Vilyui (Russia) + - - Stepanenko et al., 2018
Uvs Nuur (Mongalia) + - - Stepanenko et al., 2019
Alqueva (Portugal) + - + lakunin et al., 2020
Mozhayskoe (Russia) + - Stepanenko et al., 2020a
Suva (Japan) + - -
Iseo (Italy) + - - Stepanenko et al., 2020b
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HononHuTenbHble cnaiigbl A\

COy emissions by lakes and rivers
Raymond et al., 2013, Nature

B 0 18

Longitude Longitude
Lakes Rivers

e global emission of COs by freshwaters is 2.1 Pg C yr—!

o lake emission is 0.3 Pg C yr~!, river emissions is 1.8 Pg C yr—!

e significant contribution of Volga hydropower reservoirs
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HononHuTenbHble cnaiigbl Vi

Lake Model Intercomparison Experiment

¢ The motivation is realistic parameterization of lakes in NWP and
climate models

¢ 1D thermodynamic lake models are ran in the unified setup, forced by
on-lake measured meteorology

¢ Focus on simulation of temperature and heat fluxes (Kossenblatter
Lake, Valkea-Kotinen Lake, Lake Kivu, ...)

« Ongoing experiment: Harp Lake, focus on gas exchange (CO,, O

Forcing I validation

Models output
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