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Abstract In order to produce more detailed and accurate information of river discharge and
freshwater discharge, global high-resolution hydrodynamic model (CaMa-Flood) is applied to an
operational land surface model of global seasonal forecast system. In addition, bias correction to
grid runoff for the hydrodynamic model is attempted. CaMa-Flood is a river routing model that
distributes runoff forcing from a land surface model to oceans or inland seas along continental-
scale rivers, which can represent flood stage and river discharge explicitly. The runoff data gen-
erated by the land surface model are bias-corrected by using composite runoff data from UNH-
GRDC. The impact of bias-correction on the runoff, which is spatially resolved on 0.5° grid, has
been evaluated for 1991~2010. It is shown that bias-correction increases runoff by 30% on aver-
age over all continents, which is closer to UNH-GRDC. Two experiments with coupled CaMa-
Flood are carried out to produce river discharge: one using this bias correction and the other not
using. It is found that the experiment adapting bias correction exhibits significant increase of
both river discharge over major rivers around the world and continental freshwater discharge
into oceans (40% globally), which is closer to GRDC. These preliminary results indicate that the
application of CaMa-Flood as well as bias-corrected runoff to the operational global seasonal
forecast system is feasible to attain information of surface water cycle from a coupled suite of
atmospheric, land surface, and hydrodynamic model.
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et al., 1989; Dirmeyer and Shukla, 1993; Van den
Hoof et al., 2013; Harding et al., 2014).

SAoA B EE= T T 60%= Sl o3
T ti7]12 So7tar, A= Aoy &9 55
TOo2 B §o 2 S&7FHOki and Kanae, 2006).
ol Ze7F e Y dvd s _EE
HASIAIA S| F gl HPH o JIFs vt =
&, il 2% sk ti7]-al g HAHANA 9 s
Az HstE Fal th71eke] & B S agho)
T s vk olyg ti7l-al g 7F Fs g
Hsle= 47195 e 71eist Rojer 72 71 A7

Ham et al., 2012).
Z7] AAF 7R (GCMs)o| 2 s
zde F2 di7jet AEA dojus HEFE(E
o AN, EYTE) 55 THASE o] =9
Zl0) 5 9he SR THBATS (Biosphere-Atmosphere
Transfer Scheme; Dickinson et al., 1986), SiB (Simple
Biosphere Model; Sellers et al., 1986), JULES (Joint
UK Land Environment Simulator; Best et al., 2011;
Clark et al.,, 2011)]. = o]|% FZFo|Eqt &= 3
AE FEstaA 5 F45 FHee AATF FE
Zdlo] /=), ti3EA 2 F Total Runoff Integrating
Pathways (TRIP; Oki and Sud, 1998), ZE ¥ &
24 Variable Infiltration Capacity (VIC; Liang et al.,
1994), Water Balance/Water Transport Model (WBM-
WTM; Vérosmarty et al., 1989) 5°] 3l

ol g AR FEEYe] A9 FH o A
R FEH7] dEel A9H s 2ol dAE
7R, wEtA A E SRR S A
A 2ok H AR AF T A7l AHHoRE &8
7] ojf & FHeol AUtk ol AFES A=
S5517] 9ot el el e g
AT7F 3 o] gtk NCAR (National Center for
Atmospheric Research)oll A& JL3d = 7 SR
& Algstaat vsld= AgEd WRF-Hydro (Gochis
et al., 20155 ZNEslor, dAle 50 XH9] 4
T dSAEE 250m =R ATt I 71
gollX= JULES AHRDH} A 7hs3h Lade

a=7148ks t7] A307 2% (2020)
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ARG 3 WY A AT

River Flow Model (Bell et al., 2007y 7N'&3}aL 1 km
sgEe] FRARE HEste] Fo AFES 2 )
)9 99S AHEssI ). Yamazaki et al. (2011)=
Ho} A3 8 JSHBE 22|52} Catchment-
based Macro-scale Floodplain model (CaMa-Flood)E&
Matglon, ARl e 1km, AT =
0.25° HF=EE 7He skl E5EE AT

AR 7147 AA dY 9 T 7IFAEEY
(Glosea5; MacLachlan et al., 2015; Lea et al., 2015)
£ o) 7](Unified Model, UM; Walters et al., 2011;
Brown et al., 2012), A|"H (JULES), 3%} (Nucleus for
European Modelling of the Ocean, NEMO; Madec,
2008), 31 (Los Almos sea ice model, CICE; Hunke
and Lipscomb, 2010) ME.2do] ZA3tE mdlgA 2
F~214 2] AU (sub-seasonal) Z °F 771 e] AA
AIZE R gk 79SS T3k Gloseas Al
28 WollA {7k FHolEsS AArds F8l
AhEle, AW R Y JULESY 23 TRIP F#E4 0]
ol "Wttt 7SR AgEe] U= TRIP
L 1° FHY =] - EE(river network)S 31
shal 7hegk A FA A 02 PAE AT FERY
2A, T Ee] skl S Agsl BARs7 e g
A7 ek wEbA, A sk AR Alge] of
H7] wiol sdEd JHARERE Sol7te el
= & g4l Wxdr o3 TRIPS HAE
Ealr] 98] ArAskde] @4 27t shsstal 7]
of| Z2d GloseaSdll 2% 7Fedt L= A+
.
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HAEE AFAEE ol AHEEgA AYitE=
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L3t} 7A, ARge 7 ARpllA R 78
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Fig. 1. Flow of experimental runs for producing river
discharge and freshwater discharge with CaMa-Flood
hydrodynamic model.
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Table 1. Topographic parameters for CaMa-Flood.
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dol|A 2t ARGF ARo|th wEby] ARG
ARE AAsh7] flste] 2 Aoa AMSE AHE
do A3xH AHEREd MOSES (Met Office Surface
Exchanges Scheme; Cox et al.,, 1998, 1999; Essery
et al, 2001)¢} 24 <st=d TRIFFID (Top-down
Representation of Interactive Foliage and Flora Including
Dynamics; Cox et al, 2000; Cox, 2001)7} A=
JULES 29|t} Figure 132} 7+] JULES A|H =4 o]
Al ArkE AR R AE(CTL)9E ©f AR
= AXEAE A ENEW)E CaMa-Floodd] ¢Jg=}
52 ARgste] AR BB S AR A} St
2322l JULESE JMA (Japan Meteorological
Agency)®] Japanese 55-year Reanalysis project (JRASS;
Ebita et al., 2011)¢] 71’4402 FAAA 559
), ojwf AHrdo] ALREE JRASS YHAES]
BaldEe 125°%2, oA M4 9] 4, 71, §5,
718t $5 ARolth o] 7heH FAEE CMAP
(The CPC Merged Analysis of Precipitation) #3285
& 83l e AREAS AT JxkEy
off ARSH 734 717He 19819 % H 2010 ALEES A}
431901, JRA55S CMAP 5= HRE A H7b
W& AREshe] JULES s 3=t s skAl Watstdt
a2 9] ARd Bxagsst wiwes 4482 713
A GloSea5 Al2=®9] AWrdl JULESS 243 &
dsit}, exEel JULES BYe] 3l =E 0.5°%
sl on, #8717 1991 1€5-E 20104 12
A7HA F 2099 717ke 2 Ry Ane o 7HA0=R
Zgstdrh
CaMa-Flood 1991d5-E] 201097k & 20 &
QF mojstlom, JULES 7Wke] AT HHE AL
et LA =9 olFS BEARsH] sk
CaMa-Flood:= 0.5° 384 =e] AAF3FS F7H4
o2 Fajjste] 025° FHAYEY] ¢ HFF HE
£ RO3I=E A3t CaMa-Floode Zsid:=
BoE S skl 025°¢) A BB,
AAT foE, S E, 3 2ol BEARE A}

Parameter Description Units Range
Basin Number of basins [-] 1-24,815
Elevtn Surface altitude [m] 0-5,675
Rivlen Channel length [m] 13,914~318,934
Rivhgt Channel depth [m] 2~24
Rivwth Channel width [m] 10~6,358
Nxtdst Distance to downstream cell [m] 13,914~318,934
Grarea Unit catchment area [mz] 0~9,604,601,000
Pmanriv Manning’s roughness coefficient for river m"s™] 0.03
Pmanfld Manning’s roughness coefficient for floodplain m"s™ 0.1
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&3THTable 1). 32l AR W} F5< 24
3l "ld Al (manning coefficient)= CaMa-Flood®]l
A e HEE FEA] 22 0.03, 0.12 A7 s)
At 2 9] wi7H<4= Yamazaki et al. (2011)014
AN E w3 FdsAl A skt

2.2 CaMa-Flood

e =& JAGHS

welay] faiae 2

o, Bel SEg FYee ABA ¥ Lol
3 APAS Fol v Foalh 53, 8o o)F
W AR | km o5t A EA dHdARoE B

=

15}

L F Ao 10km o] HEFE s FE=olA
HADHo 7 T7#sl7] vf§ ojHTH(Yamazaki et al.,
2009). WetA H AFolM = 7S FERY ] FAE
SE317] Q& AEE HAATF FEEY, CaMa-Flood
= /\]-4‘15}0113]- CaMa-Flood®] 3 W& 54 o5
ﬂ"j‘)ﬂ’\ﬂ AAARl £ o] s sty 98t
o] Flexible Location of Waterways (FLOW) "8
AHEEIATE. FLOWE obARbe] Aefd == Algs =
9] olewa ARE A sk S H(coarse river
network) 0.2 W= A wd AL PR X
JiuE FARE il =9 o]eWIdE sk 7=
"W (Jenson and Domingue, 1988)] SHAIS =5
T Ak F, AAF AP AL A ER lﬂﬁ’ﬂ‘ﬁ
"1 AA O}ﬁ*]m dolgt etk 55 Wako] A E =
SAE FE5E T e FHo] stk F HA EAo
2= ARARL 284 °] 7}*“ }‘3}% el CaMa-
Flood= &7 W EA] 9

s8¢ BA] Slsly ww%ﬂm 2 ApgsRe
o, RSk A BREY A9 % 9% 9L
AR el Tk Apeld] AR T

2012; Koirala et al,
2016).

(Yamzaki et al.,
al.,, 2015; Lu et al,,

2014; Wang et

3. AXwE HXIEH

3.1 HXlEXo HeM

AFAEH S EAbshs 7| RS A&20 7 )
e 3 R E S glov o8] EE]-"]’X'L/] el
L@_(Maraun 2012), 72| 2] AA & %27 2d
z79 gt 5344 (Bromwich et al., 2013) 522
olate] o= Y E3 ZHES /\}Eah:], AFH O
TFEATE YYAEY] /\}Xd 1A glo] #3str]
o= HjdAZ Ao E ALEE I Tth(Hansen et al.,
2006; Sharma et al., 2007; Ehret et al., 2012; Harding
et al,, 2014). ©]H g SHAIE FE37] Hal thFet A
287G 7)ol JNEE O, F2 A e 25 ¥
9] HARAS 423 3} (Christensen et al., 2008; Li

l~1~1

l‘

HU
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et al.,, 2010; Piani et al., 2010; Miao et al., 2016;
Photiadou et al., 2016).
2 AT AuRdS B AEE A4RF 4

Bol 931 A7|& Lotry] 9&, 1991 a5 201013
74l JULES®] 4gAg = AM-He A3 247
852 AT S A5 HlaskithFig. 2). CMAP
(Fig. 2a)7 JRA55 (Fig. 2b) 74F3<] 2}o](Fig. 2c)E
Sl —200~200 mm yr' WS Yepdnh
BAE J5A8E A3 JULES 7]4He) ﬁx}""*
A& (Fig. 2¢)E UNH-GRDC (University of New
Hampshire-Global Runoff Data Centre)2] Z+Z2}F7]
dke] Az AE(Fig 2d)9 vt o 23
—800~800 mm yr' AE2] zlo]7} yEhdt) ol& X
mrde AAHEo s AFLE 7S HxR At
s Al E B8, E@A B
3 AR ARG A SEHEATS vE
Wt} Dai and Trenberth (2002)= A2 Th2 249 7]
who] ARk o= o 2.0~2.0mm day (%
—730~730 mm yr') A== HL’@H]' T ASS EAth
wEhA, 2 Aol M e A5 ROARTF Aol
= W s Ao E AlsE AR S f-
EAES B 2ol7] fleie AArEe] oAt
715 Fo7] fg A7t FUHHeR e F Ao
2 AYzter

A AR B2 PuE v P S0
HA%, 59 o) FF JRE FHHORE A

i fo ofd i

=
=g ‘D]—(Baumgartner and Reichel, 1975;
Korzoun et al., 1977). ¥ A= UNH-GRDC®
A Algete 987 AZHEEE (0598 AH 35
S HAEZE A3 AL EA] T Fekete et al.,
2011). Vorosmarty et al. (2000)°4 AA] g+ F7HE3]
7I'H& &3l UNH-GRDCEHE #Z ARG RE
AATHA (1) B AT A EE S ¢
3 1348710 ASARE ARSI, Y
A& 2kE21 STN-30p (Simulated Topological Network)
£ &8t #54a0] A 7]'m_ *3 SR
A5 7|17k 12d 01”01111(% ¥ FH7} 10% 1) 5h),
FETE 7IF02 F9WA ] 2,500 km” o)<l &
Z4E Agsld AR5 E ﬂiﬁ}oiﬂ-(Fekete et al,
2000). g B2 ASASE AHESt] ARFHA
HE 2Hgstaat s out O:V* 3] #AZo] gle f9
S FWo 2 At &, ko] gle ol 71
AlE 22 ASAETE Qe e ARREHES

b = 1 R |
W & Qo Buo= A7 selonl, 39 A2lH
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Fig. 2. Annual climatological precipitation for 1991~2010 from (a) CMAP and (b) from JRASS. And (c) is the difference
between these two. Annual climatological runoff from (d) UNH-GRDC and (e) from JULES. (f) is the difference between these

two.

ool F WAL AA AHe] 28%ql 3 FeHTH(Fekete
et al, 2000). UNH-GRDCE o= <9j¢] 93 4

A5 e ] 3 (1) AT

T2 WA o thkm?).

g+ SHAFFH FIHA S AHS
Bt AAHFH(R,)E
el T S
GRDCOI A A|g8he=
Fyry WES sl JULES 7
o A&ttt RAATE
AT AESAAFH(R,)S

]

—

A7k GHo)7] Wl R, = WA EHsisT 4
Ro] ARFGIFHRE 199195E 20108704 F 20

5t BojE ARE ARSSIAA, HAATE 2(Q2)
£ ARg3te] A EIGITE o] W Wi e BT

AR olgsto] A At AR AolE BA
she WeR e BAY vs) 1hdetr] o

o ¥ @ gFst AFolA AREETH(Chen et al.,
2013; Teng et al., 2015).
R ...

f' L= o(i,)) (2)

“ Ry
0:17]}\:', f(l,j)—t‘ E—Xé ]—/II, Ro(i,j)—t‘ Eﬁgﬁ- 7__‘%‘ a
AR, Ry = 9% JULES 7]Wke] A
ArolH, i, j= Ax HEolth

o] BAZAGFE vl A7 HAuir} JULES B AR
ol AApEE obelsh o] A g nAY ARy
%]:76]}1 Rcorrected(i,j)7]- 1\1'761%74'
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Fig. 3. (a) Experiment CTL (JULES based runoff) and (b)
experiment NEW (Bias corrected runoff).

Rcorrected(i,j) = f(i,j)RA‘(l',j) (3)

o B ASFREG It BoRpo] WE Af
BAAFE 03 1 Atele] e 7HAH, g% B9
ol 2AY =& A5 1 o139 #ol "k v d B
A7 2 ARy A, s ol AtEE 2
o] AA gl AEgHrt. EHd 2] AAFREI} 0
A A BAAATE 002 AFstdon, BAASFTL
002 s ARbe] A5 HARAYS FYsA] &

Q¥

¥

4.4 1}

41 HXAEHEE AXRE HHSH

2Y AxfFel] digh ARG G3E Golr|
f8l, AR A o] A &2 AT Aot HAR
e A7 235 Vst e H(Fig. 3), A% 4
= Grabs et al. (1996), Korzoun et al. (1977), Fekete
et al. (2002) 5=} Y235} tH(Table 2). Grabs et al.
(1996)= g 717 717k 19470 49] &5 shd
¥ JuE sustel A4 FPYRE AEAAL. §

2, drle] A9 #2427t 23E oo wHol g
T 5] 50% oS ARE, TG olElF), of
Ao}, okZE| 7}, L] A5 50% DNte 2 #HEo)
SHAZE ok 25 FEAETT §lE 7Y 2 99
o alMe BAASE 85ty AT Jan
o1& H A4S Fekete et al. (2002) =R &
= 999 IAIE FEF] sl Water Balance
Modelol| 4] AJ2bel 2FF 9} GRDCOIA A58 #=3}
AHHE FHAER A3 5 T AR n
£ A A3 TE. Korzoun et al. (1977)= 6237] <9
9 FAA BAE A A, A SENET
Z A5 (runoff coefficient)& &3t AA{FIHZERE
e A=

ARRA L Foto] AR FHOR AFF AAGH
=427} 343 mm yr! Z7181AE RE g Sox &
ARG O 7 ARNFHLE FUFeIon, ofxzg| 7], oA
of, oA oF 40% Wele] F7h HRek -
F& oF 20% Fre] 7P 9l b, S/ QA0)
YooM= oF 10% A= Z7HHAh 0|9} 2o ¢
Al Zpze] HlE] AAEAE ARFFFO] Grabs et al.
(1996y5 vx=g APAT Aol EA o 7Pk F
AAS e o], B dAFolx] H&3 AxpRAY
o] g3t FHH ez AL AL HoF 1y
U, AbeE Aurde] AR M3 dF Azte] 3
a5 MwstH, AR Fol= ARfE At
Hog AR 9]

g5 AxEAe] a3E AHEY, 49 F
AR AE gro] AYPATo] At} wj§ AR
U & AEFAT A3} 2olE FAlsiT)). =8, B
nlo| A mel AzMFEe] A4 A ATl AlAE
ARF7F W] <l o] A& et oz A}
FHE} wbd, oz )7}, 35/ Aolole] g WA}
AR AR AgAret & 2ol Holw, 7t
AgYATF A3} Zhll= F Axpr UeRdh ofzelF,
SF/QA ool A9 thE WA vl AR
o] 28.8%%} 53.01% (Grab et al, 1996)& H|w# &
H S-S A5, AR o] Az Ao 2 3
Fg A7) g7 o2 A7 2 Al At
AE ARFEEEe Judoz AE4vt Bo| 1

T o Ho

Table 2. Comparison of estimates of continental runoff [mm yr™'].

Africa  Asia  South America  North America  Australia & Oceania  Europe =~ World
Grabs et al. (1996) 283 288 771 170 n/a 233 1745
Korzoun et al. (1977) 153 324 685 339 280 283 2064
Fekete et al. (2002) 150 298 655 263 154 275 1795
CTL 62 174 390 176 27 193 1022
NEW 89 234 569 207 30 236 1365

a=7148ks t7] A307 2% (2020)
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Table 3. Major observation stations for river discharge.

161

No. River Station Country [ﬁ::?] Mean anElmu?lsftlt]‘eamﬂow

1147010 Congo Kinshasa Congo 3,475,000 39,864

1749100 Ubangi Bangui Central Africa 500,000 3,781

2181900 Yangtzeriver Datong China 1,705,383 25,069

2186800 Xijiang Wuzhou China 329,705 5,291

2651100 Brahmaputra Bahadurabad Bangladesh 636,130 23,833

2677101 Han river Hangangdaegyo Korea 24,753 629

2909150 Yenisey Igarka Russia 2,440,000 19,251

2969090 Mekong Nongkhai Thailand 302,000 4,435

3265601 Rioparana Timbues Argentina 2,346,000 15,562

3630050 Rioxingu Altamira Brazil 446,203 8,107

4115200 Columbiariver Thedalles, OR U.S. 613,830 5,364

4127800 Mississippiriver Vicksburg, MS U.S. 2,964,255 17,440

4208025 Mackenzieriver Arcticredriver Canada 1,660,000 9,264
Hlo] B840l AiHoE AL fUAdNN THE AL AXE ATt
AeAte} vs=st A3E YeRdTE SHAYE AR AAERE FAs BH, vl=e] Agnjoptat wA|
ofo] Q= ohmeThsl BF, B3o] Wol FAHA ¢ A¥Ae] A% CTLE] AfFo] HEurh shme]
= TYoRrlo Hrl T3 o] B0l w2 HW, AEA A 9 2 ROHA Xt ot
A, FUAEE A wAE ARePInE A NEWS G Az 230l ARHE Aol 1t
AT} vaste] FamolHE Ao etk B, A4 FAE 2 @Skl 4BA5 )

AYATAA AN AAFFIL EF AP F 5 AR BT 2= A HAlote] 3
=3 AR} of7] wjFol| exprt AlE S it H

i

Grab et al. (1996)914] AMR-¥ HAAGTE AR3S
) Hrlske A WAL 53] o=z T}
A olget ) HrirF FEEe ERIESL &, &
ZHA e FH ez BAGAFE 283k
AL A st oA F FAHE Ro=
Al Ec}, HbHY | Fekete et al. (2002)= WBM RE&
AHE-3LT Korzoun et al. (1977) B4 7|4AEE A}
|3to] ARFHARE 2Pgshr] wiol mde] B3
A4e Edshe @47t vk

=

4.2 CaMa-Flood +&& S¢! SR A

AAA F8 ke 2o s f7e A 9
a7 5o gE S F A% 7 e 1370
#Z2(Table 3)E AA sl ASS St #=
4 AY 7|22 g A 9A, 2d ®Be] 7|7

5ol e #AFARY FrIbsA oIt SU-9 #=
A3 A HE GRDCS WAMIS (WAter resources
Management Information System)ollX A g8l 4 &
SAEE AHEe oM, A48 CTLZ NEWS| 9%+
sPR-F W7 vlastdth(Fig. 4). Avdow 9
el 718 Hlas B, NEWS] 98+ Pl i
o] CTLET} #3o] T 77k XS Ho|i 9lojA,
AR Ee] WA 237 FElo] YERaL lvke

Holde 6del ko] A=Y o] s
BE 4l Aozt Atk NEWS] sRlfrde 7 & &
o Huiztol 33k CTLY] aRlfrde g Ao
Jert, F S NEWZF CTLET S7Fekitt.
28] AR AT M = HAJofe} wgh At
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a) Monthly freshwater discharge
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Fig. 5. (a) monthly mean of freshwater discharge into global
ocean from CTL and NEW. And (b) comparison of the
estimates of annual mean freshwater discharge into global
ocean among antecedent studies, CTL, and NEW.
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Table 4. Comparison of estimates of mean annual continental freshwater discharge into the individual and global oceans (km® yr™).

ral:l/leeailltgre-f Indian Atlantic Pacific Arctic Total®

. Largest 921 rivers® 838 4,532 19,168 9,092 3,658 37,288
?inﬁih 002y _ NCEP b 909 3,162 16,823 7388 4358 32,640
ECMWE® 1,144 4,989 20,585 7741 3967 38,426

Fekete et al. (2000) 1,169 4,802 18,357 11,127 2,947 38,402
Baumgartner and Reichel (1975) 5,600 19,300 12,200 2,600 37,713
OKki et al. (2004)¢ 4,320 21,290 9,340 3,660 38,610
CTL 804 2,285 11,353 6201 2,038 22,683
NEW 1,056 3,428 16,177 7,396 3,094 31,154

“Dai and Trenberth (2002) scaled up largest 921 rivers by accounting for the unmonitored areas and the runoff ratio at 4°-

latitude resolution.
®Dai and Trenberth (2002) calculated NCEP P-E.
‘Dai and Trenberth (2002) calculated ECMWF P-E.

40ki et al. (2004) calculated total river discharge (4,062 km® yr™") include internal drainage (2,020 km® yr™"), and from

Antarctica, which puts ~1,900 km® yr™'

freshwater into the ocean.
“Mediterranean Sea includes the Mediterranean and Black Seas.

"Total excludes discharge into inland (besides Black) seas and from Antarctica, which puts ~2613 km® yr™ freshwater into

the ocean (Jocobs et al., 1992).
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