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The plan of talk

Earth system models, the role of land surface

Heat and moisture fluxes from the surface

e Heat and moisture transfer in soil

Snowpack
e Parameterization of lakes
Parameterization of rivers
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Evolution of climate models and Earth system models
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The Earth system model by INM RAS

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.
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The role of soil moisture in heat waves

Miralles et al., 2014, Nature Geoscience

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

ABL growth

Suface sens\b\e heat
Evaporation

Soil moisture deficit

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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INM RAS-MSU land surface model

Horizontal Grig
(Lavtsoe-Longitude)

@ heat and moisture transfer in soil

(23 levels) Vgt s
@ snow pack model (4 ypoBHs) e —

o effects of vegetation of energy
flues through albedo, roughness,
stomatal resistance

@ carbon cycle parameterizations
(photosynthesis, CH4 emission
by wetlands)

o lake model (21 levels)

@ river network model (vertically
averaged)
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Surface tiles and energy balance

Radiation Evaporation
) ) ) fluxes Precipitation
@ 4 tiles in each cell: bare soil, J T ‘
vegetation, snow and inland waters

@ in winter, snow tile occupies entire
cell

@ each tile has its own surface
temperature T’ ;, all sharing single
soil column

Snowmelt

@ Sensible and latent heat fluxes are
aggregated from individual fluxes
over each tile,

= 1 4
(H,LE) = Zi:l al(H’HLEZ) Vertical
eee diffusion
@ Momentum and scalar and inflitration
roughness lengths are taken
as single values in each cell 23 v

* Bottom infiltration to runoff
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Similarity theory for the surface layer

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: zou, 200
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Soil and moisture transfer in soil

The temperature 7' is caused by thermal conductance and phase changes:

or o \ oT

ot ~ 92" "oz

The liquid water W is transported following potential gradient (Moene and van
Dam, 2014; T'enbdan, 2007) (Darci law):

ow 9 oV 9 ow . aI\ 9
= [—v(+1)]+F=(Aw+A1)+7+F

+ Pd (LZF’L - LvFv)

ot 0z 0z 0z 0z 0z 0z

The system is closed by semi-empirical links of water matric potential ¥ and
hydraulic conductivity v to soil moisture W and ice content I.

diffusion V:
ov. o0, oV
—=—Ay—+F,
ot 02V ox
Phas changes for ice mass fraction I:

ol

— = F,

ot
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Surface water infiltration and runoff

Vertical water flux ¢ at the soil Shirkege ___ Macropeors

Precipitation

surface: [ s

Matrix
long Infitration

q=P—-FE—qs,

fnteraction:

where P — precipitation, F — -
. e
evaporation, g5 — surface runoff.

4s = Gsat T Qunsat;
Gsat = FsatP
runoff from saturated soil,
Qunsat = (1 = Fiqr) max (0, P — Gmaq)
runoff from unsaturated soil

Fq; — fraction of cell with
saturated soil, ;4 — maximal
surface infiltration flux.
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Snowpack model

Snow temperature 7' equatior

or o, or
CsnpPsn ot = Oz sn 0z
oS
L¢Fep — —
+ Psn frd fr B

Liquid water content in snow
W equation:
ow - 8%

T P

Not taking into account
percolation and refreezing of
melted water inside snow laye
leads to later (by weeks)
diseppearance of snow layer.

V.M.Stepanenko (MI'Y)

Simulated snow water-equivalent depth
using different descriptions of liquid water dynamics

(Machulskaya, 2001)
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Example of lake effects: 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 /\
cannot be distinguished from the dark water surfaces. The stations )
o \ I‘f W
E LIl J v \, N
3
Cloudiness increases the surface 2 VU foA 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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1D lake model framework

1D equations result from boundary-layer approximation

@ 1D heat and momentum equations U
@ k — e turbulence closure
. T H,LE
@ Monin-Obukhov similarity for surface fluxes
@ Beer-Lambert law for shortwave radiation Snow
attenuation

@ Momentum flux partitioning between wave b

Water

development and currents (Stepanenko et al.,
2014)

@ 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'H4 & C'O2 emissions at deep
and shallow sediments
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1DV equations for enclosed water basin

Momentum component or a scalar f is governed by equation:

af _ Ouif  OF;

Averaging over horizontal cross-section A(z):

f=

fdady.

A2) Jae

Trusta), Funta, Frf2)
Assuming small bottom slopes, w = 0, yields:

8f c af
- —= A
“or = A/F Son )l 5 ( b 8z> z=H
A(z)
Inlets and outlets Vertical diffusion
1 0AF,. 1dA -
~ 1 g5 Enzn(2) + Feep(2)] + B4 (f, )
S
Div. of non-diffusive flux Bottom fluxes ources

Here, F;, — vert. turb., F},, — vert. non-turb. flux of f.
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Validation of LAKE model using site-level data

sia)

| Lake | Thermodynamics | CH, | Cos | Reference |
| Vendyurskoe (Russia) | + | - | - | (Stepanenko, 2007) |
| Shuchi (Russia) | - | + | - | (Stepanenko etal., 2010) |
‘ Kossenblatter (Germany) ‘ + ‘ - ‘ - ‘ (Stepanenko et al., 2013) ‘
| Valkea-Kotinen (Finland) | + | - | - | (Stepanenko etal.,2014) |
Kuivajarvi (Finland) + ‘ + ‘ + ‘ (Heiskanen et al., 2014;
Stepanenko et al., 2016)
‘ Kivu (Kongo) ‘ + ‘ - ‘ - ‘ (Thiery et al., 2014) ‘
‘ Seida (Russian) ‘ + ‘ + ‘ - ‘ (Guseva et al., 2016) ‘
| Bolshoi Vilyui (Russia) | + | - | - | (Stepanenko etal.,2018) |
‘ Uvs (Mongolia) ‘ + ‘ - ‘ - ‘ (Stepanenko et al., 2019) ‘
| Alqueva (Portugal) | + | - | + | - |
| Suva (Japan) | + | + | - | - |
Mozhayskoe reserv. (Rus- | + ‘ + ‘ - ‘ -

V.M.Stepanenko (MI'Y)
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Inter-Sectoral Impact Model Intercomparison Project

biodiversity

coastal infrastructure

ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project

lakes

agriculture

health
global biomes

ISIMIP lake sector

fisheries
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ISIMIP-Lake simulations at Lomonosov-2 supercomputer

@ 0.5°x0.5° lat-lon grid
o lake area database (Choulga et al., 2014)
@ lake depth database (Choulga et al., 2014)

o forcing from climate models:
GFDL-ESM2M, HadGEM2-ES,
IPSL-CM5A-LR, MIROCS

@ climate scenarios: picontrol, historical,
rcp26, rcp60, rcp85 (1661-2099)

@ 100 cores per single run

@ simulation of 10 years: 5-6 wall-clock
hours

@ in total ~ 170 000 proc*hours

@ input and output data 120 Tb

Lomonosov-2 supercomputer
(4.9 Pflops peak performance)
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Summer stratification duration in lakes
ISIMIP-Lake simulations, 1670

stratdur, level = 1, time = 1.0 hours

-80 0 80 160 240 320 400 480
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The change of ice duration on lakes

RCP8.5 climate scenario

Baikal Ladoga
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Lake ice changes simulated for XXI century:
o steady decrease of ice duration
@ increase of frequency of ice-free winters
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The role of rivers in the Earth system

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

@
5078 MantanaState Unversiy
%_J Abstract
0.6 Although sail erosion could have significant impacts on the global carbon cycle and the well being of aquatic and

ain ccosystems, ow eath sy el Inchade o= based epesentaions of e ansportof

DGt -cimerts ondorteuitc orgni corbon (PO o o ers ondsams. T il chfenes hiering
e of e re saale and ore specitealy . (0

All values are in Pg C yr—1! (Battin et al., 2009)
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River basins in INM RAS Earth system model (2°x1.5°)

T 1T
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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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Diffusive wave equations and numerical scheme

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:

—T AL
J+1 _ QJ U U J A EJ
Si Sz QCL‘ |:(S )H—l (S )z:| t 40
; 1 ; At - At
g+l _ = (gitl J Jj+1 Jjt+1 J
St =2 (Sl +SZ) SAs {(SU) (SU)Z_IJ + 5B

The scheme is conservative in volume. Needs smoothing (Yu and Duan, 2014).
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Implementation of rivers in INM RAS-MSU land model

@ 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

INM RAS-MSU land suf

Severnaya Dvina basin




Simulation of water discharge of Severnaya Dvina

Severnaya Dvina discharge in an old runoff scheme
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Severnaya Dvina discharge when including: (i) liquid water percolation in
snow (ii) river dynamics
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Temporal shift of maximal sprlng water dlscharge

@ including river dynamics +1 week

@ including liquid water percolation in snowpack +1 week
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River temperature simulation

(Stepanenko et al., 2019)

Water temperature equation:

A(ST) | d(UoST)

ot ox

- htrutthr + bsF7

where tr denotes values transported by inlets and groundwater, bs — river surface width, ' —
the sum of radiation and heat fluxes at the surface. Includes:

25

20

Decadal water 9 =
temperature measured £ *
. . o
at Ust-Pinega station £ °
.3
(near Severnaya Dvina =  °.f; P A ¥ R T A Y
mouth) N '
-15
Bpems, aekaap!
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River network model needs new parallelization scheme

68°N s
67.5°N |~ B rivers of order 1
67°N #32 na” B rivers of order 2
66.5°N mm rivers of order 3

656g:m M rivers of order 4

65°N
64.5°N
64°N
63.5°N
63°N
62.5°N
62°N
61.5°N
61°N
60.5°N
60°N
59.5°N |
59°N
58.5°N
58°N |-
57.5°N |

57°N
56.5°N
56°N

@ top level of parallelizm — river basins

second level — parallel processing or rivers (rivers of the same order are processed independently)

data exchange between MPI-processes, computing rivers, with MPI-processes of an atmospheric
model
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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

A 06nakKa
@ 3pdeKT ycToHunBOiL (f M@ ) ﬂ
T e

cTpaTtudUKaruy MpU3eMHOr0 /105 S {

3a CuéT HaMuus vactuy (Barenlatt = . Ao {

and Golitsyn, 1974; Wamser and 4o ~:\ - ‘: et |

Lykossov, 1995) 2 RSN (i S - 1
@ TpeHUe 3aTparbl KUHETUUeCKOH - i

SHEPruy MoTOKa Ha OTPLIB UaCTUL]

Husoean
mMEMESTS
@ ucrapeHue MeTeJIeBbIX UaCTHI]

(BK/roueHo B Mogienb ISBA; Le Al

. o ) E =
Moigne et al., 2018) : —— fon pemanten s C(~<q
Baeverue * (=
~ L 2y rveeroM )
@ TIepeHOC CHeTa C BO3BBILIEHHOCTeH 777 7 77777
ae) ” <

B noHmwkenus (Fan and Pomeroy, © [ T

2009; MacDondald, 2009)

|
@ TepeHOC CHeTa C OTKPHITBIX
TIOBepPXHOCTeH Ha 3amecénnble (Fan | ooy e Grassland Shrub Trees
and Pomeroy, 2009; MacDondald,
2009)

—————— Downwind Transport to Sinks ———

f

Fang and Pomeroy, 2009
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HaHpaBJIEHI/IH pe4yHOro CTOKa I10 MeTOAy MaKC. I'PaAWEHTd

Amazon basin flow direction

72°W 70°W 68°W66°W64° W62 W60 W 58°W 56 W54 W 52°W 50° W48 W

The Yellow river (Huang He) basin flow direction
- —y X

31.5°N

30°N

285N [

A o - -
112°E 114°E 116°E 118°E 120°E 122°E

T2°
70.5°
69°
67.5°
667
64.5°
63°
61.5°
60°
58.5°
57°
55.5°
540

At the coarse grid maximal
gradient method causes
erronous flow directions

Ob basin flow direction

2222 zzzzzzz2z2?z2

62°E 64°E 66° EGB E 70°E 72°E 74°E 76°E 78°E
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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
A A
N =
BLn e A
Pl =
C
(b)

(@)

~ 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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[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
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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

0,07

A

& 0,30 E
o <
E g
= a
0,15
T T
025 030 035
E 084 0 (m?m?)
£
c 0,64
15}
s
£ 04
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3
o [l J
0,0 T T
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Simulation Time (h)
Vcnonb3oBaHue noTeHLMana Baru BaH ['eHyxTeHa Cyll{eCTBEHHO y/lyulllaeT KauyeCcTBO
Mo,qenI/IPOBaHI/IH BJIQ)KHOCTH TIOUBBI TI0 CPAaBHEHMIO ¢ Mo/iesbio Kiarma-XopHbeprepa.
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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.
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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.”

V.M.Stepanenko (MI'Y) INM RAS-MSU land suface scheme... 1 December2019  35/40



[osis niolaiu CyIy, 3aHsiTasi 03épaMu
Basa panneix Choulga et al., 2014

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

10! 103
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[ToTeH1[Man MOUBEHHOM Baru

Clapp and Hornberger (1978): =
o
o\ K
v = \Ijsat (i) 2
0. >
2
van Genuchten (1980): 3 @
s (55 ;
(S—l/m . 1) 1/n 2 g g N — Increase n
U= — i ';LE = 3 - Increase o
a ’ 5 |¢°] 5%
g 8 >
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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|
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
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COs emissions by lakes and rivers
Raymond et al., 2013, Nature

Longitude Longitude
Lakes Rivers
1

@ global emission of C'O4 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
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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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