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ducti Validation Site 1: Kuivajarvi Lake (Finland) Further development of LAKE model
Introduction : :
® Mesotrophic, dimictic lake blogeochemlstry
Lakes occupy a significant part of land in many northern regions, e.g. in Northern @ Area 0.62 km? (length 2.6 ' - (8 . .
N . py. g P : Y & & .. : ) m” (length co, Extended biogeochemical model
Siberia, Karelia, Finland and Canada. The importance of thermodynamic interaction km, modal fetch 410 m) lmm:
between lakes and the atmosphere in these regions led to inclusion of lake o Altitude 142 m a.s.l. *. ﬁ ﬁ - Atmosghare acf;ml  DifA(Comy) + Bo, - OcHy ()
parameterizations into climate models and numerical weather prediction systems. o Maximal depth 13.2 m E& : q'-'”“~'“~' v 11 ovcoocre Ot
T . . . ; e Lake @_;g#- 2 Dif4(Cph. )+ Bpy. + Pry. —
However, these lake parameterlza.tlons are still confined to h('eat and momentum average depth 6.4 m, deptl . DIC i — A(Co, o, + Poy,
exchange at the lake-atmosphere interface, whereas observational evidence (see the point of measurements i POC Ro, = Po, = S0y ~ 00y (2)
: . : . Depth [m] ¢
below) is growing on the importance of greenhouse gases emissions from lakes. In 12.5 m gpmm mif © = Difs(Cpre) + Beoy — Pooy+
o . . . 1.5-3 e
order to extend our current knowledge on the dynamics of these emissions and gain a o Catchment area 9.4 k2 Os-s Reo, + Deoy + 500y + 0co, - (3)
capability of making future projections of climate taking into account lake carbon - - 9P pOC
fl itable modelling f k is to be developed. A lake model involvi or  /Poe)TEpoct T Bpoc
uxes, suitable modelling framework is to be developed. A lake model involving e The Hanson et al. model is
explicit treatment of both key biotic and abiotic controls of methane and carbon reformulated to explicitly reproduce [22pocr _ o .
N . . . . . . L . Dt = Dif(ppocL) + PPpocL — RpocL—
dioxide emissions is to be developed. vertical distribution of DOC, POCL,
(TI'ELH"Jik et al. 2009) (Bastviken et al. 2011) D POCD (instea,d of using mixed—layer EpocL — Pp,POCL - (5)
- _FLu_ et &Ild ]fl}’leiHlIliDIl I:)i.'l]‘i.’_'}lﬁj as in DI‘igiIlEll op wy 9p
stmospheric carbon il.atitude Total open water Ebullition Diffusive Stored J:m: | Point of measurements paper) P;GD - Dif(pPOG‘D) a hg P;GD a
g " Emiss. n CV Emiss. n CV Emiss. n CV Emiss. n CV flm) z i f Photo: Sakari Uusitalo . .
- . . W' @ The horizontal influx from 5 4D (6)
| Lakes | POCD h,POCL -
| >66° 68 17 72 64 17 74 07 60 37 288,318 | catchment is to be included
E:-Sj_*’—ﬁf“ 6.6 5 155 91 9 60 11 271 185 0.1 217 2649 1,533,084 . Kuiva .ﬁrVi Lake. O . . .
Dn 6 1 z2 o a1 2 9 ;s 1 smsea | - Y, Lake parameterization in INMCM ESM
- . Reservoirs 00 Measurements Model

— ' '>54°—66° 10 24 176 18 2 140 02 4 93 161,352 ° Oxygen measured, mail oygen, maf
| ) ' 25°-54°  0.7¢ 116,922 ¢
i =24° 18.1 11 a7 186,437 :
# ' Rivers i : . o e . . . . .
. s 013 38095 2 without specific heat but with radiation and aerodynamic properties
- : ;;5"—54“ 0:3 20 302 61:55? . - 15 Of water
- ! 3 | <24° 0.9 176,856 4 i .
, Smopen $31 116 53 71 99 W7 A1 2 ; | * Turbulence closure in LAKE model has been changed to
g 2 Shenuic dagun soving puwe of e Samall 033 Y - Hendersson-Sellers diffusivity for stable stratification
Jettrs correspond to rows in Table 1. | * Convective adjustment is added to LAKE for unstable stratification
]
[
@ Total freshwater methane emission is 104 Tg yr— ', i.e. 50% of global wetland | >0 No lake morphometry
emission (177-284 Tg yr~', IPCC, 2013) o * Lake fraction and mean depth from GLDBv2 database (Choulga et
@ greenhouse warming potentials from freshwater-originating C' Oz and C'H,4 are ;
B 7 8 9 10 ’ i

Ign * Previous lake have been presented in the model as soil with top layer

16.0

4.5

Depth, m

I al., 2014)
roughly equal : ) : : K 0 » ™ e Shortwave radiation extinction coefficient in lakes is taken 1 m™
ime, months ime, months
. lobally
@ Seasonal pattern is well captured: oxyegen is produced in the mixed laver 5 ,
PhYSlCS of 1D lake model and {_.mminm_l below P Y ! y * Lakes are added as a new tile to the surface layer

@ 1D heat and momentum equations U E-l S e Oxygen concentration in the mixed layer is underestimated by 1-1.5 mg/I, Surface ﬂl.1X SCh,eme for lakes taken th,e Sdme as. for other sur.faces n
@ k — e turbulence closure HIE gg E,‘ '/// and mare cionificantlv dirine atfiimn avert1irn INMCM, IDChldlIlg Deardortf convective VE]OClty scale (Bel]aars,
@ Monin-Obukhov similarity for surface ’ Kuivaj arvi Lake: C O 1995)
fl | P . 2 § ° °
xes Snow Measurements Model Lake fraction in INMCM Earth System Model

@ Beer-Lambert law for shortwave
radiation attenuation

Carbon dioxode measured, mal

@ Momentum flux partitioning between
wave development and currents

Water
(Stepanenko et al., 2014)
@ Soil heat and moisture transfer
including phase transitions
@ Multilayer snow and ice models (not
relevant in this study)
1D concept does not suffice the greenhouse
gas modeling task, as it does not take into
account differences between C'Hy4 & C'Os
emissions at deep and shallow sediments
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@ Seasonal pattern is simulated realistically: carbon dioxide is consumed by

BlOgEOChemlStry Of the mOdEI photosynthesis in the mixed layer and produced in the thermocline and 80°S T 20
hypolimnion by aerobic organics decomposition N
@ Photosynthesis, Sinks and sources of gases in a lake @ Sudden C'Os increase prior to autumn overturn is absent in the model o )
respiration and BOD are _ _ . oo . ——— — — — " —— | b
empirical functions of Biochemical (_\ KlllVa] dI'vl Lake: CH4 b i Y ’ wE e i
temperature and Chl-a OXygen - 05
A : - demand leas o Mode o o o
(Stefan and Fang, 1994) (BOD/ Measurements Model Lake Surface temperature Valldatlon in a
' OK}’gEH uptdke by r / JT \ Methane measured, pa! I Methane, o7
sediments (SOD) 1S ) PthC’S}’HQheSiS maxval = 536.035511379 maxval = 351,511 540 CO“plEd mOdEI
controlled by O Sedimentary AT v
concentration and OXlygen Methane 450
| | | = ST : The lake, country The 5-year (1980- The 5-year (1980-
terngerfaél‘lre (Walker and d(e a /f/.-—f"' P production E L, 1985) averaged 1985) averaged
Snodrgass, 1986) - X g summer surface summer surface
@ Methane production U/ Methane 8 [ temperature, modelled, temperature from
x Poqyy 0, P is —— oxidation — °C. observations, °C
calibrated (Stepanenko et (C'Os CHy Huron, Canada 19,2 17,9
al., 2011) Turbulent diffusion - ,
@ Methane oxidation follows Victorla, Tansania-Kenya- 25,25 23,6
IVIiChE?EliS—h“IEchBIl Bubble tr&nspﬂrt ? Time, manths 6 S'I'|me. rnulnthsg ! . Ug.anda :
equation @ Methane starts to accumulate near bottom in the late summer when Baikal, Russia 14,83 12,4
oxygen concentration drops to low values Ladoga, Russia 15,49 14,0

Single bubble model

For shallow lakes (several meters), bubbles reach water surface
not affected, for deeper lakes bubble dissolution has to be taken
into account.

e Surface methane concentration is very small leading to negligible diffusive
flux to the atmosphere, consistent with measurements

Lake parameterization effect
Validation Site 2: Seida Lake (European Russia)

on surface temperature

@ Five gases are considered in a bubble: - Seida lake location Bubble flux (starting from 01.07.2007) | | | | | | | | | |
C-Hél:« COE-, 021 NE:‘ AT il pe— y ' . 107 ' ' ' I 90N - - T — r— e
...... g g i e e e o 7 o T S —
@ Bubbles are composed of CH4 and N2 when they are ! o Et-"]_“"* s :'_l“ el ey . 0N i B T e T ".1'?_:’-‘. = -
emitted from sediments o o W e iy _ } %
@ The velocity of bubble, v, is determined by balance ™ 30N — “Sa X 7 S 7 I;.} - S B
between buoyancy and friction ‘ : ' - - "{y, S W™= -
[ -l 3 [ [ | I'E"
@ The molar quantity of i-th gas in a bubble, M;, changes L ? 0 — - et |
according to gas exchange equation (McGinnis et al., . | o =
Methane ebullition ' HE ¥ . - - - 1 =
dM .-}M ) from different soil columns o E' : " . 05 — - i _ -
L = 'ubfr L= —4TI'T‘§K1'(H1'(T)P1' — ). ' | —G : A i jm He
dt Oz i .=n'-b ;*-;’TE.{;,_ l:"f.;' i, ™ L7 -
g AW s |0% v VIt -
@ Gas exchange with solution is included in t et - L o ]R‘ : o0S e
conservation equation for i-th gas . é Table 3. Methane production rate constant P, . ,in other studies L 90S % _- -
s, | | | | | | | | | | |
oC; 10 Ak oC,; n i 0ABc, : Prew, 0 (mol - m3 - 57) Source 180 150W 120W 90W 60W 30W 0  30E 6OE 90E 120E 150E 180
E}t A {E}Z BZ A az E 2 310107 Lake Kuivajarvi, Finland [Stepanenko et al, 2016] _ | | | | _
1 dA . | , | 255-10°8 Shuchi Lake, Morth Eastern Siberia, Russia [Stepanenko et al, 2011] q 2 _1 0 i E 3 4 5 6
F(z,t,C5, A) + (He, — Bey b )E e e, months B340 IE e High ltitude wetlands [Walter & Heimann, 2000] The difference between the averaged annual temperature of water bodies, calculated by
40-10 LEHIE OLDNE GG SRS CUNTENL. S the new lake parameterization and preceding lake representation as a wetland, 1981.
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