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Introduction

In a equilibrium state, precipitation P exceeds evaporation E (or
evapotranspiration) over land and the residual water runoff and results in a
continental freshwater discharge into the oceans.

Within the oceans, surface net freshwater fluxes into the atmosphere are balanced
by this discharge from land along with transports within the oceans.

The excess of E over P over the oceans results in atmospheric moisture that is
transported to land and precipitated out, thereby completing the land—ocean water
cycle.

While E and P vary spatially, the return of land runoff into the oceans is mostly
concentrated at the mouths of the world’s major rivers, thus providing significant
freshwater inflow locally and

To study the freshwater budgets within the oceans, therefore, estimates of
continental freshwater discharge into the ocean basins at each latitude are needed.



*Baumgartner and Reichel (1975) derived global
maps of annual runoff and made estimates of annual
freshwater discharge largely based on streamflow
data.

*These estimates are still used in evaluations of ocean
and climate models and in estimating oceanic
freshwater transport, because i1t becomes increasingly
important in global climate system.



Anthropogenic changes in atmospheric composition are
expected to cause climate changes, in particular an
intensification of the global hydrological cycle with

increase in flood risk.
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T, dew point temperature: given afixed value of p,
T and e, the temperature at which e = e_.
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*Okeansbl (97 %) nmokpeiBaroT 70% mMOBEpXHOCTH 3EMIIU
* Kpnocdepa (negauku u T.1.) (2%)

I log3emHubIie Boabl U Boga B mouse (0.7%)

*O3epa (0.01%)

*Atmocdepa (0.001%)

*Peku (0.0001%)

*buocdepa (0.00005%)

[Ipecnas Boaa (3.5%) (B OCHOBHOM COJIEPKUTCS B
Kpuocdepe)



HpOI[OJI)KI/ITeJIbHOCTL HpEﬁI)IBaHI/IH CyﬁcTaHHI/II/I B BOJIHOM ITYyJIC IIPpHA
CTAIMOHAPHBIX YCJI0BUAX

* Bpewms npeObiBaHKS — pa3Mep BOJHOTO IMyJia, ACICHHBIM HA CKOPOCTh
BTOKA WJIM BBITOKA (Macca/BpeMsi).

» Hampumep, Bpems npeObIBaHUS BOALI B OKEAHE IT0 OTHOIICHHUIO K
peuHomy cToky = 1.25*10**9 (km**3)/0.03*10**6(xkm**3/ron) =
41600 JieT.

* Hampuwmep, V armocdepnoii Biaru = 13000 km3
Ocanku: 0.7*%112 4+ 0.3*%76 = 101 cm/ron => 514389 km3/ron
Bpewms npeorsiBanus = 13000/514389 = 0.0253 net = 9.2 cyTok










Oo0inaka, ocaJIku

O6naka coaepxkat npuMmepHo 0.5 I. )KUAKOM BOJIbI B KyOHYECKOM
METpE BO3yXa

Oxa3bIBalOT OOJIBIIOE BIMSHUE Ha paciipC€aAcCIICHUC paAnallMOHHBIX
ITOTOKOB

OOBIYHO JAENATCS Ha 00J1aKa HUKHET0, CPEJIHEr0 M BEPXHETO spyca
(26.6%, 19%, 18.7%)

CyMmMapHbIi paguaiiioHHbIN 3QPekT = — 28 W/m™**2
CpennHue riodaibHbIe OCAJKU COCTABIAOT mpuMepHo 95 — 100 cM/ron
Cpennue Haja okeaHoM ocajku = 110 cm/rox

Cpennue Haj cymie ocagku = 75 cM/rof



KoaundyecTBO 0CcaakoB

* CormacnHo ypaBHenuto Knaysuyca - Kiannepona,
«BMECTHUMOCTB» aTMOC(ephbl YBEIMYMBACTCS IPUMEPHO Ha
7% Ha rpanyc;

e l3MeHEeHHE KOJIMYEeCTBa 0CaAKOB (YBEIMUYCHUE)
KOHTPOJUPYIOTCS HE TOJIBKO ypaBHeHHEM Kitazmyca —
KnalinepoHa, CylecTByeT JOIOJHUTENbHAS (DU3NUECKU
COIJIaCOBAaHHAs CBSA3b MEXKIY U3MEHECHUEM TeMIIEpaTyphl U
OCaJIKOB (Ha 3TO YKa3bIBAIOT OOJBIIMHCTBO MOJCIICH )



BiaaxHoCTHh MOUYBBI

BiaxHOCTh MOYBBI KOHTPOJIUPYET pacHpeicICHUE
SHEPIUH;

BaxHOCTh MOYBBI KOHTPOJIUPYET pacHpeicICHUE
PEYHOTO CTOKQ;

BraxHOCTB ITOYBBI SABJIACTCSA BaKHBIM CBA3YIOIIUM 3BCHOM
MCKIAY T'MIAPOJIOI'HYCCKHUM M YITJICPOJIHBIM HHHUKIOM.



PeyHoOM CcTOK

50 caMmbIX KpyIIHBIX peK oOecrieunBaroT 57% pacxoja
PEYHOM BOJIbI, @ KX O0IIas MIOMIAAb APEHAXKa COCTABISCT
42% oT T100aNBbHOM IUIOIAAN IPCHAXKA;

Eciu k HuM 106aButh enie 150 00abmInX peK, TO 3TH
yrcia yBenndarcsa 10 67% u 65%, COOTBETCTBEHHO;

km**3/ron, mis Apkruku: 2600 — 5220 km™**3/ron;

['mobanpHBIN peyHOM CTOK cocTaBisieT 37288 — 46930

HMmeet MecTo O0JbIIas HEONMPEAEICHHOCTD B OIIEHKAaX
PEYHOrO CTOKA.



Climate Model Description

®* AGCM/INM RAS 5x4 horizontal resolution and 21-level

vertical resolution (Alexeev V., E.Volodin, V.Galin, V.
Dymnikov, V. Lykosov, 1998)

« LSM/ICMMG SB RAS - biophysical and biochemical
surface model



Z

(IN /RAS)

Terrain-following vertical coordinate (21 c-levels)
Semi-implicit formulation of integration in time

Energy conservation finite-difference schemes (5x 4)
(Arakawa-Lamb,1981)

Convection (deep, middle, shallow)

Radiation (H20, CO2, O3, CH4, N20, O2; 18 spectral
bands for SR and 10 spectral bands for LR)

PBL (5 o-levels)
Gravity wave drag over irregular terrain



Land surface modelICM&MG/SB RAS):

Vegetation composition, structure
Radiative fluxes

Momentum and energy fluxes
Vegetation and ground temperature
Soil and lake temperature

Surface hydrology (snow, runoff, soil water, cano

water etc.)

CO2 emissions from terrestrial vegetation

CH4 emissions from natural wetlands



Land Surface Models

BATS (Dickinson et al., 1993)

LSM/NCAR (Bonan et al., 1996) —
LSM/ICMMG SB RAS (Krupchatnikov V., 1998)

CLM/NCAR (Bonan et al., 2002)

ISBA (Decharme B., H.Douville, 2006)
LSM/INM RAS (Lykossov V., et al.,1998)



*Runoff is one of the major components of the global water cycle and accounts for
about 40% of the precipitation on land. As such, it plays an important role in the global
climate system by affecting evapotranspiration and freshwater inputs to the oceans,
which in turn affects the ocean thermohaline circulation.

*A model’s runoff formulation helps control its soil moisture, which influences the latent
heat flux between the land surface and the atmosphere. However, its inclusion in climate
models has been problematic.

*The partitioning of precipitation into evapotranspiration, surface runoff and subsurface
runoff (baseflow) varies widely among these land models.

10dels have been adjusted so
production is about 1/3 of the average precipitation.

WAL UJ i

Climate n
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*Runoff is divided approximately equally between surface and subsurface runoff to
match the early observational estimates (Dickinson et al., 1993)



*Hydrologists introduced the concept of fractional saturated area as the
dominant control on surface runoff. In such schemes, precipitation that falls
over the saturated fraction of a model grid cell is immediately converted to
surface runoff.

*More recent implementations (Stieglitz et al., 1997; Koster et al., 2000;
Ducharne et al., 2000; Chen and Kumar, 2001; Yang and Niu, 2003; Niu and
Yang, 2003; Gedney and Cox, 2003) define the fractional saturated area as a
function of the topography and the water table depth (or water deficit depth)
following TOPMODEL (Beven and Kirkby, 1979; Sivapalan et al., 1987).

*TOPMODEL incorporates topographic variation using the concept of
“topographic index” or “wetness index,” A = In(a/tan b), where a is the
specific catchments area, 1.e., the upstream area above a point that drains
through the unit contour at the point and 7an b is the local surface topographic
slope.

*Recent applications (Stieglitz et al., 1997; Ducharne et al., 2000; Chen

and Kumar, 2001; Niu and Yang, 2003) used a three parameter gamma
distribution function to represent the discrete distribution of the topographic
index.



Climate models and TOPMODEL use different definitions of the soil saturated
hydraulic conductivity, Ksat.

Climate models usually define Ksat as a function of soil texture, while TOPMODEL
assumes that Ksat decreases with soil depth to create a water table.

In TOPMODEL, the soil surface value of Ksat is an arbitrary parameter because it is
solely used to produce runoff.

The original derivations of the TOPMODEL subsurface runoff (Sivapalan et al.,
1987) require much larger values for the soil surface Ksat than do climate models;
researchers justified the very large Ksat with arguments about the role of macropores

(Beven, 1982).

TOPMODEL’s use of topographic index to explicitly use topographic data to
describe the subgrid soil moisture variability captures the critical differences
between upslope and downslope hydrological behavior (Koster et al., 2000).



TOPMODEL
(TOPography-based hydrological MODEL

Beven, K.J., Kirkby M.J., (1979), A physically based variable contributing area
model of basin hydrology, Hydrol. Sci. Bull., 24(1), 43-69.

TOPMODEL is a conceptual rainfall-runoff model in which the
predominant factors determining the formation of runoff are
represented by the topography of the basin and a negative
exponential law linking the transmissivity of the soil with the
distance to the saturated zone below the ground level.

The authors would like to thank Professor K.J.Beven and his research group

at University of Lancaster, UK, for source codes and sample data at their
TOPMODEL website.






Description of the TOPMODEL

The mathematical starting points used to derive the fundamental
TOPMODEL equations are the continuity equation and Darcy’s
law. The basic assumptions that govern TOPMODEL are:
(1) the law of variation of saturated hydraulic conductivity of
the soil with depth
K ; (z)= Koe_fz , where 7 is depth into the soil
profile (z-axis pointing downwards), K, is hydraulic conductivity
at ground surface, f is decay factor of K, with z;

(2) the dynamic of the saturated zone can be successive steady-state

representations: _f
a*R=T *tanf *e

where R is spatially uniform recharge rate to the saturated zone,
a;is area draining through location i per unit contour length,
tan [, is slope of the ground surface at the location i, T,=K /.



Il JOoLows tnat . a
z.zz—l(ln ’ —/lj : (3)

Aa.
where A=—[In—"—-dA s the average value of
A4 tan ﬂi the topographic index over the area A
of the basin, z;is the depth of water table from the ground surface.

The equation (3) and the continuity equation (4) for the mean
depth z of the saturated zone as

t t
—t+l  —t¢ n —
z =z —(Q - AQ Out)*At (4)
present the fundamental equations of the TOPMODEL. It
should be noted that if 7;<=0 then the saturation condition has

been reached. All points with ;<=0 generate a basin fraction
where rainfall produces direct surface runoff.




Initial conditions
The continuity equation (4) is initialized by assuming that the
simulation begins after a long dry period and the flow observed
at the basin outlet has been generated only by the subsurface flow

contribution:
Ql. —() Ql — Ql -
in — : out obs
Because the quantity (',,, can be defined analytically as
t 7
Q out :QO*e > where QOZA*TO*B_E,
then the initial state is

B 1
z1 = —iln Q obs

/ Qo




According to TOPMODEL the predicted hydrological
responses depend upon the distribution of topographic index.
The topographic index In(a/tanf)is defined on the basis by a
computational procedure based on a digital elevation model
(DEM) and repeated on all the DEM grid squares.

The datasets include the In(a/tanf) subdivisions, the rainfall,
potential evapotranspiration and observed dicharge data.



In this model the total flow is calculated as

the sum of two terms: surface runoff and flow in
the saturated zone. The surface runoffis in turn
the sum of two component, the first generated by
infiltration excess (Horton mechanism) and the
second, referring to a variable contributing area,
by saturation from below excess.



Model runoff generation processes

Infiltration excess overland flow iP
(also called Horton overland flow)

"

Partial area infiltration excess P

overland flow
Fraction of area i
w

contributing to overland fl
P q P

Saturation excess overland flow Pl —— ]

blow

-







The Saturated Fraction the Grid-Cell
(Z.-L. Yang, G.-Y. Niu and R. Dickinson, 2006)

(Beven and Kirkby, 1979; Sivapalan et al., 1987):

gi—zm =— (i —2Am) /f, where ziand Ai
are water table depth and topographic index at a
pixel; while zm and Am are their grid-cell
(catchment) mean values.

Fsat=Prob {zi <0}

or

Prob { i > im — fzm }

v
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Distribution function of the topographic index

for the Tom river catchment
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TOPMODEL
(TOPography-based hydrological MODEL

The use of TOPMODEL iz conzidered a suitable starting point toward a
proper representation of subgrid zeoil moisture variability at the land surface.
Beven and Kirkby (1979) propoged TOPMODEL based on contributing ares
concept in hillzlope hydrology,

The mathematical starting points used to derive the TOPMODEL
equations are the continuity equation and Darcy’s law. The basic
assumptions that govern TOPMODEL are:

1. the water table is nearly parallel to the so0il surface so that the
local hydraulic gradient is close to tanf, where & 1s the local
slope angle;

2. 2) the saturated hydraulic conductivity of soil falls off exponen-
tially with depth: K.(z) = Kye~f%, where z is the depth into the
soil profile (#axis pointing downwards), X is hydraulic conduec-
tivity at ground surface, f is decay factor of K. with =23

3. 3) the water table is recharged at a spatially uniform, steady
rate that is slow enough (relative to the response time of the
catchment) to allow a water table distribution is always at equi-
librium



TOPMODEL
(TOPography-based hydrological MODEL

(Given these assumptions an analytic equation can be derived between the
catchment mean table depth ¥ and the local water table 2,

1 i
%:E—?{lnt;ﬁi—AL (1)

_ 1 O
A_Afmmﬁf&
A

In tw'ﬁiis called the topographic index.




TOPMODEL
(TOPography-based hydrological MODEL

1T {'?'?Hl ahermre that tha ﬁﬁc'iti'

shows that the position of the 4-th point iz not 1
but the value of the corresponding topographic index ln(azft nf;) as an index
of hydrological similarity. If A* is the value of In{a;/tanf;) which produces
z; = 0, then all the pointz with In(a;/tan f;) > A* are in a saturated condition.
The basin percentage with In{a;/ tan ;) > A* is then defined on the basis of the
index curve. This curve represents the probability distribution of the variable

Inf{a;/ tan ;). Thevalue of iz updated at every At on the basiz of the following

aquation:
St ot (5 — Qf}ﬁt?
A

where %, is recharge rate of thF- saturated zone frem the unsaturated zone over
the time interval [£,2 4+ 1], iz groundwater discharge to the stream over all
grids over the time interval .ﬂt, A iz total area of the basin,

Groundwater discharge is determined analytically az &, = Al e hp 17
Dischargs is composed of overland flow and baseflow. Owerland flow from grid
call 2, Efi can be given as follows

sz_s't

uzt

— &,

where 57 is local saturation deficit (S, = 2,(%; — 8,.), 8; and &, are the moisture
content in the satirated soil and the residual moisture contert, respectively);
Suz: o8 the unsatirated zone storage . The discharge from grid cel ¢ to the

stream unit width is the sum of Q ,; and %,



TOPMODEL
(TOPography-based hydrological MODEL

The In{a/ tan 8) values are caleulated from a digital elevation model (DEM)
for every single grid cell cf the catchment using the algorithm of multidirectional
flow in & directions. In order to suppress the generation of very large In(a/tan )
valussz, the upslope drainage area for each cell can be limited by a threshold
which supports the creation of a river net. I[aput data tor TOPMODEL are
DEMs and time serias data for precipitation and potentizl evapotranapiration,
Diata for measured discharges can ke used for validation., Cutput data includs
simulated discharges, actual evapotranspiration and information on the build-up
of 201l molsture and averages of soil molsture ceficit.

The example of appication of TOPMODEL refers to the small forested
catchment of Tom river basin {88.-%80 E- 83550 B, 53.37Y M- 53,42 N area
aporoximately 90 km? ).

The data zvailable for this basin are the houtly raintall valuss over the pariod
1 canuary — 31 Decembe: 1978, as well as the DEM with a spatial resolution of
20 arcseconds. Figure 1 shows (a) the distribution function of the In{a/tan &)
topographic index for the Tom river catchmert, correspoading to (b) the map
based on 55 m grid model.
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Figure . Map of the topographic index for Tom river
catchment, based on 55m grid



A 2D map of the saturation status. 1-st day.
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Topography-related runoff model

The hydrologic cycle over land includes interception of water by plant fo-
liage and wood, throughfall and stemflow, infiltration, runeff, soil water, and
snow. These are directly linked to the biogeophysics and alzo affect temperature,
precipitation, and runoff,

Total water balance of the soil column is

&Wﬂaﬂ + &wma + Z :ﬂ'gzﬂ% — ':'Ii’prec — Ewevap — Sgevap — Jover — Qdﬁ*a‘ij‘ &t-r ':2:'
vl

where W, .15 canopy water, At is time step, gppe. 18 total precipitation, eyeuep 1

T?fii_ﬂ.ﬁ'l'ﬁ‘l":f\-\.ﬂ ﬂT!’ﬁﬁ.ﬁ"“ﬁﬂﬁ':'lﬁﬁ"':ﬂﬂ [l ':i-l i_l'fll'\-.i-\\.'l'l'll-h.i'] ST E T FT T T e e 10O O11TToO T 11 .i-\\.'l:
¥OECLALIOI SYSPOLIAIPITALION, Sgppny 13 BTOUNW S¥APOLALI0N, Japer 15 SULLALE TUIIOL

(overland flow), gg.qs 13 subsurface drainage.

-+



Topography-related runoff model

g

We azsume that soil is saturated (3 -

Surface runoff and nfillration
The water at the soil surface sither infiltrates (mm/s) into soil column or is
lost as surface runoff (mm/s). Burface runoff is {ignoring spatial heterogeneity]

=1} for lakes and wetland.

(F+Q),F=0, % > 1, (Dunne_runof f)
R=<¢ (P+Q— L) P> 0, 1« 1, & > L, (Horton runof f)

Fot T

(P+ Q= e ), P = T — @, —i:; < 1, @ < ey, (Horton_runof f )

where P iz precipitation rate (mm/s) , @ = Qe + Gsdew (mm/s) | e 18
infiltration capacity {mm/s) which depends of E.—Sl—. All surface water (P+0Q) is

st

lost a2z Dunne runoff when the zoil i3 saturated {5.8—; :}1}. Horton runoff occurs

when acil iz not saturated and when P40 = Tmes. Infiltration is

I=P+Q-R



Topography-related runoff model

Saturated hydraulic conductivnty

The parameterizations follows closely the TOPMODEL framework
[Beven &Kirkby, 1979] and work of Stieglitz et al. {1997). The satu-
rated hydraulic conductivity decreases with depth according to

K&af(z) — K—saf(ﬂ)e_fz'f

where 2 is soil depth, Ksq:(0) is the surface value of saturated hydraulic con-
ductivity, and 1/f - e-folding depth of K4 can be determined through the
procedure of optimization.



ICMMG Land Surface model (LSM — NCAR, 1996)

In the ICMMEG land-szurface model the zoil moisture iz calculated at the
interface level of the model layers

2&31 1 i — i)
Rip1 = i )Qiﬂ——é:_kﬂ-l [wﬂ ?’b}—l]

1
a - FiR s 2 ,
( Ig? _I_ 41 .&zﬁ_%

Biqy

iy L iz the soil moisture flux at the interface level between layers fand < + 1, <.,
Mz, are matrix potential and layer thickness at laysrs ¢ and 2 + 1. Hydraulic

conductivity & and zoil matrix potential ¢ depends on volumstric soil water
content & (m®/m®) and soil texture, For the i- th layer (Cosby et al., 1984)

b By N\
k‘i — ksm‘ (Saaf) 4 /"#Il)z — ’ﬂff'saf (&5-;1'&) +

where kg,e - hydraulic conductivity at saturation k.. (mm/s), .. - matrix
potential at saturation {mmj, water content abt saturation fs.¢ (porosity), and
b are empirically related to perant of sand and clay. Hydraulic conductivity

at gaturation k... vary with percent of sand according to ClappfsHornbergor
(1978): koo (0) = 0.0070556 # 10~ o+80%5end) wheare o and § can be determined
through optimization procedures.




Water table

The zoil water may excesd the physical constraints., Any soil in excess of satu-
ration

2 ':'gi — Haar}&% =W

i3 added to the zoil, starting at the top of the zoil layer. Any remaining excess

waber ig added to the subsurface drainage ¢ grosn (Subsurface runoff).
This saturation excess iz used to recharge the soil layers above water table,
If the column becomes oversaturated, subsurface runoff due to

gaturation excess 13

Roat,o = maix [0, (> (8 = b | /8)|



Water table

The water table depth 2, 15 used to determine saturated function, surface runcf
and baseflow. The method of ChendeKumar (2001} can be used here to evaluate
waber Lable, Aller Lhe soil molsture s oblained, Lhe soll molsbure dellcil [or
column is given by (8). Assuming that there is no vertical moisture flux, then
total head must be conserved within the soil column

*i'rfJI:,?.:I — 2=l — 7y . 1:331
il 5' _
Wsat (%j — 2 =g — Zy. (4:'

Therefore, soil moisture profile is

) = O 22 ;}‘ 2l N 5

Water table depth z,, 15 then computed by solving the equality

Zaa

Wy — f (Bear — B(2))d

0

iteratively.



Capillary

— zwt

quat

Water profile under Soil water profile when gravity
gravity equals to capillary force



Simple groundwater model (SIMGM) for use in GCMs
(Z.-L. Yang, G.-Y. Niu and R. Dickinson, 2006)

L— Ag uifer—lLl— Soill _"j

Upward Flow under
capillary forces




Simple groundwater model (SIMGM) for use in GCMs

Groundwater Discharge
------- —=——=Wr—-F-
------- Zz-------wﬁ---- -——
------- s fae

Properties of the Aquifer
Hydraulic Conductivity:

— Aquifer—me———— Soil ——»




Topographic effect of new version LSM

In order to focus on topographic effect of new version land-surface
model, we deseribe only modified surface and subsurface runoff com-
ponents of the land hydroloey model.



Topographic effect of new version LSM

Durface runoff consists of overland flow by Dunne and Horton mechanism

that was described betore, topographic effect on runoft processes have mathe-
mahical representation. The mathematical representation of the surface runoft
takes in the form of

H= ??s-Rs}i + I:]- — 'ﬁ's}Rs{i +

wheare
Mo — f w{x)dx;
[ f 2 |
x = In{a/tan &) iz topographic index, o iz cumulative area, tan fis local slops;
% iz mean value of % in the grid cell; () iz probability density function of

#Z12 grid cell mean water table depth. Subsurface runoft is parameterized in
torm

Rsub — Raub,x + Rsub,dﬂ*m’n + Rsub,em:—
wherse fig,p . 18 subsurface runcff dus to topographic control, fiup grase 18 bot-
tormn drainage and Hsupes 18 saturation excess. Subsurface runoff due to topo-
wraphic conbrol s given by

Rrsaf(ﬂ} E—{f—kfzw}
f T

where o iz factor accounting for the difference in the saturated hydraulic con-
ductivity in lateral and wvertical directions (ChenfcKumar, 20017,

-Hsub,};_' =



Yio =—0.07+1.62- v,
Ao
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Figure 2. Upscaling function for obtaining 10' equivalent of a topographic
index from its values for 30-arc-second DEM
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Figure 1. The topographic index computed from GTOPO30 DEMs for the Tom river basin
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Model of river discharge

The total discharge into the Arctic peaks in June, whereas the peak is in May for the Atlantic Ocean
and in August for the Indian Ocean.

Snow accumulation and melt have large effects on the annual cycle of discharge into the Arctic, Atlantic,
Pacific, and global oceans, but little influence on the discharge into the Indian Ocean and the
Mediterrancan and Black Seas.

To estimate continental discharge into each ocean basin we must sum up the river outflow within
each ocean basin. We decide to use some ideas of river routes water models to estimate river
outflow. Using linear advection scheme at 1° resolution river rout water model from one cell to
its downstream neighboring cell by considering balance of horizontal water inflows and

outflows:
e S F,, ~F, R
At ’

Fout = vm/r Wriv;
Vm is the effective water flow velocity (Miller et al.,1994) (vin = 0.5 m/s)
Wriv is storage of stream water within the cell (m3);
Fout is the water flux leaving the cell in the downstream direction (m3/s);
Y Fin,i  1is the sum of inflows of water from upstream cells (m3/s);
r is distance between centers of the cell and its downstream neighboring cell (m).

It takes some time to reach equilibrium under constant runoff field.
Estimation of this time is about 5-6 months with vi» = 0.5 m/s starting from empty river channel.
Therefore we must used river flow after 1500 model days in annual simulations.



Total Runoff Integrating Pathways (TRIP) - A Global River Channel Network (1997)
Taikan Oki and Y.C. Sud
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Observed Tom river discharge (1965-1984)
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Modeled Tom-river discharge
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Conclusion

Total runoff (surface and sub-surface drainage) is routed downstream to oceans
using a river routing model. River routing model is based on TOPMODEL ideas

A river routing model is coupled to the Land Surface Model ICMMG SB RAS) for
hydrological applications and for improved land-ocean-sea ice-atmosphere
coupling in the Climate System Model (CSM).

We have implemented this model (off-line) on a 1-degree grid. Land model
interpolates the total runoff from the column hydrology (2.8 by 2.8 degree) to the
river routing 1-degree grid.

Pictures we shown here are results from a regional 1° by 1° simulation (River Tom
basin) using global ICMMG LSM. The model is driven with AMIP data from 1979
to 1993.
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