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o Physical
parameter definition boundary
2R_CN2.mgt SCS runoff curve number for moisture condition IT [-0.35-0.35]
R OV _N.hru Manning’s n value for overland flow [-0.45 —0.45]
R HRU SLP.hru Average slope steepness [-0.45 —0.45]
R_SLSUBBSN.hru Average slope length [-0.45 —0.45]
%V _ESCO.hru Soil evaporation compensation factor [0-1]
V_EPCO.hru Plant uptake compensation factor [0-1]

Effective hydraulic conductivity in tributary channel alluvium [0 —300]
V_CH_KI.sub -1

- = jmmbr!(

V_CH _Nl.sub Manning's "n" value for the tributary channels [0.01 - 10]
V_CH K2.rte.rte Effective hydraulic conductivity in main channel alluvium [0-300]
V_CH N2.rte Effective hydraulic conductivity in main channel alluvium [0-0.3]
R_SOL K.sol soil conductivity [-0.8 —0.8]
R SOL BD.sol Moist bulk density [-0.4-04]
R SOL AWC(:).sol Available water capacity of the soil layer [-0.5-0.5]
V_ALPHA BNK.rte Baseflow alpha factor for bank storage [0-1]
V_SURLAGE. bsn Surface runoff lag time [0.05 - 24]
V_RCHRG_DP.gw Available water capacity of the soil layer [0-1]
V_GWQMN.gw Treshold depth of water in the shallow aquifer required for [0 - 5000]

return flow to occur
V_GW_REVAP.gw Groundwater "revap" coefficient [0.02-0.2]
V_REVAPMN.gw ;F(lzlgzihold depth of water in the shallow aquifer for "revap" to [0 - 800]
V_ALPHA BF.gw Baseflow alpha factor [0-1]
V_GW _DELLAY.gw Groundwater delay [0-500]
2V_SMFMN.hru/bsn Minimum melt rate for snow during the year (mm C' d'")
V_SMTMP.hru/bsn Snowmelt base temperature (C) [-5--5]
V_SFTMP.hru Snowfall temperature [-5--5]
%V _SMFMX.hru Maximum melt rate for snow during year (mm C' d') [0-10]
V_SMFMN.hru Minimum melt rate for snow during the year (mm C! d'!) [0-10]
2V_TIMP.hru Snow pack temperature lag factor [0-1]
%y_SNOCOVMX.hru Igi[)i\flei;num snow water content that corresponds to 100% snow [0 - 500]
V_SNOS50COV.hru Snow water equivalent that corresponds to 50% snow cover [0-1]

oobiito o miwlg aly8 5l LEMODIS G, ilig
by phaw lade cplply 5 0od aess WHRU-
Al )3 (S3slg ed geuly 9ly jo whide ;0 By
by glayielly o8y sl il )ly (sl 5l ey 0
wily Shaalie Oy, Jade b blize Uy, L

Sp ol gl Claxin 5 b Shy 4 all o
09 o0 a0, EnKF ¢ SUFI2

oolbde 0 By slayelb 0,555, ol o SUFI2

S by gl (290 Jyame gl 4 g HRU


http://journal.hydropower.org.ir/article-1-522-fa.html

[ Downloaded from journal .hydropower.org.ir on 2025-12-07 ]

Y A Wﬁwo)W/MoJu/u‘f‘@idfolfjﬁﬁM‘Sol.ﬁéb)w

Vo i duoyd A0 Caabkd pae Al y0 48,518
T e Sl 05790 Slaalie JS 4 (O5SPPU)
Bl youil g s 5550 Wb Cealbes lawgie Kl factor
p-factor jLse 95 sl Collas lade sl laalive jLsre
Slaslie pled a5 xe (pl 4 el V Ll r-factor 4
Syl s wib Cwles s g a3 5,18 95PPU wib o
(HSes 5 yeelie) wib VLl s Slasalie L

Y-V
Yozl g (gabad (33l (S955 slo)lone @l (V) Jgor
L cwlze EnKF 5 SUFI2 leg b cos |,

Sles o pliad By Gids mhaw 5 Sy, (g5lwand

Los @ls SUFI2 55 )l Dlly, (55luas Slase
Sl 3 b o)l (g 5o (xS sl jbre s |y 55
EKF oo,5) bt o Vlois] (slajons Jlane jl o
3 ,Slee SUFI2 a5 cplboyls (55,0 SUFI2 o e
55 ) DR SR NS o sla oo oo 511, 5 i
0y b aglio )3 (oA g o ® A ST L
95 PBIAS jlais 5l a5 ol S5 o LLs 5,ls o 0 EnKF
15 D W, K0S b gl sime Dol gyl
r- g p-factor |lxe g0 ,laie 51 3,k 5l (ao,0 ¥ dg0>
&l SUFI2 a0 ¢ (s,40 o,Ske EnKF factor
s o p-factor [Lee fog alie 5429 b aST > aps o
Gyt r-factor & wiws coge EnKF ki g0

Deden (S & F o035 )
bs8 @l ENKF by, by g sjlotnds Sho
@ o o Vil g (oalad sl jlro p (e | 62
sl ezl s 5l paas ol 00,0 o 0 SUFI2
bR? yR? PBIAS NS & oliws e 90 EnKF ¢ ala
WO  JPSIRY WRUARSE SAIRRY SO0 L A PN
e 5o dyzl g le WS il ogh o SUFI2 4
o o Jlie o el 4> LB Sl bR2 4 PBIAS
&itodeed EnKF lizes 4251 R? 5 NS (pgas

3leslaiwl b oriwly jo aS sl S8 LS s F
Sas o6 laze 4 Nash-Sutcliffe Le. ;| SUFI2
Al ool
cojmﬁ.‘,ﬁ(; JLQ.C‘ %&3.5) 9 LQJAA‘)L’ Slaws :EnKF o
azsl wiilos Lus (3Rl b (g o) el b
Al ad,s ol 0wl pll SUFI2Z by, 5o
IS s bl 80 bl dises (gojladl
olie G o3l ©a sla ) 50 e sloadlie
ol Gl sl el pue i mlie sl
) Ll )J‘): 9lj|9) @‘M salio Lgu::.> ‘)9141;49
B Gy gl (i 50 Olasliv glhs s o
g oo, Yo b oply Jow gllas s, VO L ply
Shie de,e Yoo uly Jaw (99,9 seools (gllas
S 1 6555 3,505, et 0 4355
ol b adgl Jolusl odgs jglaie & LHS L
ol sloprie 5l a5 cunl S8 HbLe os eoliul
3lg el e plsie 4 S cush, 5 By Jolee
sl e yell-ddl e date (resS 5,505,
A oolatwl sols i
Jolse La)..cbb xolﬁ.o Q] 5 as )b saal> 6‘)?‘ (]
4 ol ool a8 5 a5 o chQ—l PR lade b
slop s (Lol gl 90 b anslie jshaie
3,5 )18 oolatwl 5,40 (ENKF 4 SUFI2
ASRE TSI
Yzl g (oalad 33 (S955 b jlre 51 ol o
ghe 5 Sl slagsloand C8s wyn ol 4
LgLCb)Lu.a )‘ su.g“ L d>of L) sl 00 oolazuw! d): U""‘*‘?“‘
o) g Paldll 75, CbR?) TR? L (euis o)
ool 00l ool o g jlwad 85 gwy gl (Y1 F
Mﬁxfw)mﬁo)| “Sv.Ja.ngUb)Lﬁ.mﬂ 05315
o gjlwand b b, skaie 4 r-factor 4 p-factor
Slaalie Cuws KL p-factor el suls ool

5> Modified coefficient of determination
¢ Rouholahnejad
795% prediction uncertainty

' Open Loop

2 Nash- Sutcliffe

3 Percent BIASS

4 Coefficient of determination


http://journal.hydropower.org.ir/article-1-522-fa.html

[ Downloaded from journal .hydropower.org.ir on 2025-12-07 ]

I R WﬁGwo)Lo.w/pﬂsoJL»/u‘).:‘@]d).:olfj).uju\.w‘sol.td))wa

5950 lre a5 w3l o1 5 oab Wil e (DR 4 PBIAS
el 0ol a8 8 las 15 SUFI2 Gas mb yleie 4

Sy o M Ll s o 01, SUFI2 &y Corni 1 (5 240
oS EnKF 5 SUFI2 (slags lws 13 55500 (a5 Ls g0 5|
ol 53 Ll el asls s 5l Sy e s )
b anslio ;) NS JLs ;5 12l g0 a8 bons cglis a5

Loy sluw 51 S g2 y0 Sy gy ek 9 Sl (6 lwands b Lo (53l (5950 b yluze —F Jguor

variable scenario  r-factor p-factor  bR? R? PBIAS NS
streamflow SUFI2 1.18 0.85 0.58 0.77 9.4 0.77
EnKF 0.96 0.85 0.5 0.71 -11.6 0.69

OL 0.13 0.22 100 -9.6

SCF SUFI2 0.43 0.75 0.24 0.5 49.5 0.37
EnKF 1.11 0.91 0.47 0.58 2.8 0.49

OL 0.53 0.39 -38 -0.28

I, PBIAS 5 NS bl 5655 cslolne e (V) S
b gloasly wlie o SCF giloas p (e
Sl e a5 jghiles 2o o lid (So5elg 0
EnKF s 5l SUFI2 zls LHRU ;i golass jo ax )51
Cond ENKF 205 HRU ey jo bl w009y g
Slae 0590 40 L45,4> E9090 (pl 0)ls g5, SUFI2 o
Sy &S jshiles aS1 > iS5 o 3o i PBIAS
bl SUFIZ Gus 1 lsie & NS jLas ol o)Ll
S 5l 5s5 e w2 580l (sl 39, o0 AT Cnl iy 5 00
o 5l gedge cpl adbatils o o1 Gy s NS
2 550 lolre Jlake lawgie laie 4 (V) Jsox

e 5 e @ls SUFI2 oS og) o0 il ol b
G Geizer S &) b las plo b awlie o 1) 553
3l ie) R7 e J3u3 B L e o5
3t SWAT Jow OL L o8 i l,>! 50 (SCF
dslin )31, 5880 JLons 5l (5 e B @l 55 SUFI2
egar ;o o)l p 3 bBR? 5 PBIAS (slo,las L
p-factor jLse 9o 2 ,laie JIEnKF . sVl slo Lo
2¢5 & SUFI2 & coss |, (g0 gls r-factor 4
szl P s p-factor [Lae ,laie 5lans o plais!
b J3ls 50 SCF wlaalie ) asye Y 590> EnKF
Sl )0l 5 955 o0 )18 Lpejloacds Conlad poe
Cowl YO 590> j0 4553 dwoys SUFI2 (4l ! jo a5
ol welle jlade L r-factor Jlade S| yies
M L plp oo 5 4 SUFI2 g EnKF (ol >l o asls
e Slaslodnd 5l oS gadse cnl a5l < PV
3o Sl ;53 oLl oyls EnKF (gl,>! M5 0 SCF
@ by Al S5 slagasly polie (V) Jou
#0)s bmgte elul p By ide gl Gileand
9 el by 9ty 52 0 Jlae pa lade goad
gl nl Gasem Gibie 1o jsSde pilie gren


http://journal.hydropower.org.ir/article-1-522-fa.html

[ Downloaded from journal .hydropower.org.ir on 2025-12-07 ]

N Y Wﬁ‘s\»o)W/pﬁbe/u‘ﬁ|‘:—|d];olfsﬁgm‘solcm]w

Hlredlmul e gias d-fACtOr Lore iy ya5 )0 4SSl &y axg5
Sl 00l ools cdlzo 50 Slaslie

—SUFI2 - observation

w
S

~
S

-
o
>

Streamflow (cms)

o

Now
s 38

Streamflow (cms)
N
S

pae Wil g g jlwand wilsaliv Jbj slag pw -T S
EnKF (b SUFI2 (a :95PPU cuxks
9 drwgd ;O ub‘j) @‘M Sloolice )| A_Qfo oolaw!
Sryas SOl coge (Sigdgyne slaae (xiuly
g oed adg> (Sojelg e Lulph l ailraes o Gaes
s Ol (s @l 8 5 ()93 (A b ol
S ol Lo 93 (Sl iz Slaalive 4
oo orwly 00 S Olaalie 5l eolaiul
v 0 5 ol sl e jo cusloass oal)8 So5elg 00
(T y90 Dlaslive jl eolaiwl 4y slotyg az g5 o odlpn
SJoe darwg gl a4 Jlaw olwlis LS o
AR cdl)&o& 9 )J]wl) Sl 00l A_BBJa.xA ‘:S))e.ls)m
Logdgl ¥ e Yo o)) Kam g alios ¥+ ¥ o ()], S g Kl
9 ol sY’\Ab sdl)l&o& 9 ) YY) sdl)ls.o@ 9
Dozg I LAYV (] ) Ken g (oidan V- VY (Ko
2 e sladae 2150 el azlys ade> o
oolazwl bl claslice 5l L oadosls dswgs anl,d
SWAT Lo slaJoe 5l a5 Oladlae ol jo .caslosds
OLBes 5 Tolesble, YNF L Sen 5 ooljaexl)
‘Ql)Lio.m 9 ‘sch‘ AERNY ‘Ql)Lio.m 9 rool}‘;{é ARV
OLBer g qwgad YND LSen 4 leSl VN1

|l ||||\’|‘|\1H|\|J|“UI”\|H
o1 11 J|I] |
: \' M
1 4 8 1216 21 24 27 32 35 38 41 44 47 50
HRU number
HOL W SUFI2 W EnKF
200
150
100
50
g % |H|| il nlll,l,l,m T
oy il AR
-100
-150
-200
1 4 8 1216212427 32 3538 41 44 47 50
HRU number
mOoL W SUFI2 B EnKF

(@ HRU j» wldo ;3 (b3l 5555 b ylono ,ladio =Y JSCi
PBIAS ,Lzo(b NS ;Lo

B o ead gileands Sllsy Gley g (7)) S0
Jou @l » (e e ge plis 1) o2 sl 93 (sl
s 4z ST oS sad e alimdle () USE 5 5 (V)
w5 3l s Sl Ul jludend e 5| SUFI2
5 odd (gjlwderd lly, oblug Ll el EnKF
Syl Slaslie Solus b g, $ilas EnKF (54,
o iy st Canle Js & Wi gydse oo
ol 5o By e il 5 9 EnKE 2,65l
a5 jehilen yren .aib SUFI2 L aslie jo ;553
Sl SUlg, Slaie 5leads oaalive 55 (V) Jguor gl
a-factor gp-factor SVl slo,lse 5 Sie 5 00
a2 o &l SUFI2 51y (6 e ls EnKF oy 51
Sl el patein SlS 15 (V) USS )0 gadge ol
3 Sllsy 3lwand Sllug wld S5 iy oS jshiles
Syl Slaslie Swlus b sy sy EnKF (54,
95PPU coabad poe wil a5 ool o] Czge £5050 (0l
L SUFI2 & coed) syt ks EnKF ol,>1 o 55
ml EnKF g2l azg ol b ool aile Slasliv

L logas 220 o &3] r-factor jlse Jlate I, o2

3 Gholizadeh

! Dembélé
2 Zaman.M.R


http://journal.hydropower.org.ir/article-1-522-fa.html

[ Downloaded from journal .hydropower.org.ir on 2025-12-07 ]

R T TPt Wﬁwo)W/MoJu/u‘f‘@idfolfjﬁﬁM‘Sol.ﬁéb)w

[y )90 9 Slowe Slaslin 5l alise glgil (6,5 1S

o S Gle cdlred Glgiee ol 5l g ails
el sao Gl g (Kjslyaee iz gla e
Bgod Hleie dycmdgh cpl )0 0gad coliiwl dueg,l 4zl o
Jae miwly jalaieds s eslaiwl MODIS saiziw

5 SUFI2 2,65l g0 5l st i e SWAT
SIS ily la by, 5l (Sanles 4 o ey EnKF
lobs, 3,5 &S sl S bls s solil Jlgte 5

B ot SWAT Jua iy sliiaey (6,15
5 azils Vs slaibs (Olly, Sl soalive , iie
a5) o ool L sl by, 0,5 a5 a0 o0l
(W5l Slaslin calizs glgl 5l oolinnl b (6 i el
ol 50 Gl Sgame g Sl SWAT  Jow ,LS o
s s e SollB o2 oS g a wh et
EnKF g, 45 cadls 1o ol 5o bl gjlodncts
2 e anld gleand 5o e coll (ool i)
Golwads e 5l cplply oyls SUFI2 L aslis
SUFI2 « coes EnKF (Cllg, g Gy sloais] b e jen

D)l 5y

&

1- Abbaspour, K. C., Rouholahnejad, E., Vaghefi, S. R. L.

N. L. V. A. S. A. N. B, Srinivasan, R., Yang, H., &
Kleve, B. (2015). A continental-scale hydrology and
water quality model for Europe: Calibration and
uncertainty of a high-resolution large-scale SWAT
model. Journal of hydrology, 524, 733-752.

2- Abbaspour, K. C., Yang, J., Maximov, 1., Siber, R.,
Bogner, K., Mieleitner, J., ... & Srinivasan, R. (2007).
Modelling hydrology and water quality in the pre-
alpine/alpine Thur watershed using SWAT. Journal of
hydrology, 333(2-4), 413-430.

3- Aboelnour, M., Gitau, M. W., & Engel, B. A. (2020). A
comparison of streamflow and baseflow responses to
land-use change and the variation in climate parameters
using SWAT. Water, 12(1), 191.

4- Bayat, M., Alizadeh, H., & Mojaradi, B. (2018). Data
assimilation for calibration-prediction using SWAT
model. [ran-Water Resources Research, 14(1), 1-12 (In
PERSIAN).

e 5 T pate YN0 (ol Kan 5 Y egllo Y10
SWAT LU ol L SWAT ot 25lol asus «(¥+10
5" 5, ogl>) HIGW-MAT (Y- \A ) )Sa g Liz,9)
(Y18 Sen 5 Talsols) VIC (YA ), Sen
5 (Y-YY Fgop il g 8 gle>,) Parflow-CLM
Lg% > 4 wadeslaiul (Y11 (S 1>) MIKE-SHE
15 5 Bay e Ul Slaslie 5l o]y a9) Kl
oualine 3l b,a L yidgh ple ;o douds oolaiw! o)y
S50kl Caload sslanal Jae (mivly jshaie 42 Ul
az STV VY oo s oY Slam) Ghaghy 5o a5 col
Jae (il jsbined Qllg, Shae clualin 5 6o
Sk S Cusb, Jpame 5l S sload sslinul
Sssloans Wy, S jshiesy 53 GLDAS 2.1
p3Y i eolaiwl «oblg, b onds  ommiwlg EJ'\“" S g,
GLDAS k> SL cush, Jyame a5 coul 53 4
Si> gl Sl sl @iluand p e 2.1
WSS o (rl 59 S oz s Jpaze 5 039
5 il sanlics b o ooliisl a5 casl T Coron] 35l
oo 3buaers Ll o8 30wl coslio luanes
O azg oyl o )0l (Sigle s sbaanl g ple
il polaieds (Ghaalive piie £oi iz (65 IS0 IS5
a8l cge «llg, 5l 8 ys eolaul b anslie jo (oo
9o s liSe slodn] B 5l ailrden ¢ gal
osnlio & Bro dzgi 0,5, syl jupl adg> ;o
jhesliinl Cqzay calie (292 )l dnng pac 9 U,
La.u S boas gl coge (o Slaalin
Shre i Sl dang (e plbaros
2l Sy Baa b g calids sl paie (550505l jglaiaey
Ole) 2glll)l (G, »ogdle) (So5elg,oue slansl s
G onl 3 95 de O)lee grez 4y A5 (V)R wsop
I obepen esliial pshaie 4 (292l Al 4 pladl
9 MiFdes Joo U )3 (rine 90 g Slus Dlaslie
Ules ol &l ezl .ol SWAT auls ) e

5 Rahmani
¢ Danesh Yazdi
7 Rahmani

! Toloei

2 Mansouri
3 Chaudhari
4 Shadkam


http://journal.hydropower.org.ir/article-1-522-fa.html

[ Downloaded from journal .hydropower.org.ir on 2025-12-07 ]

I I WﬁGwo)Lo.w/pﬂsoJL»/u‘).:‘@]d).:olfjfujM‘Sol.ﬁd))w)

17- Li, N., McLaughlin, D., Kinzelbach, W., Li, W., &
Dong, X. (2015). Using an ensemble smoother to
evaluate parameter uncertainty of an integrated
hydrological model of Yanqi basin. Journal of
Hydrology, 529, 146-158.

18- Liu, Y. and Gupta, H.V., 2007. Uncertainty in
hydrologic modeling: Toward an integrated data
assimilation framework. Water resources research,
43(7).

19- Liu, Y., & Gupta, H. V. (2007). Uncertainty in
hydrologic modeling: Toward an integrated data
assimilation framework. Water resources
research, 43(7).

20- Moradkhani, H., Nearing, G. S., Abbaszadeh, P., &
Pathiraja, S. (2018). Fundamentals of data assimilation
and theoretical advances. Handbook of
hydrometeorological ensemble forecasting, 1-26.

21- Moradkhani, H., & Sorooshian, S. (2008). General
review of rainfall-runoff modeling: model calibration,
data assimilation, and uncertainty analysis (pp. 1-24).
Springer Berlin Heidelberg.

22- Myers, D. T., Ficklin, D. L., & Robeson, S. M. (2021).
Incorporating rain-on-snow into the SWAT model
results in more accurate simulations of hydrologic
extremes. Journal of Hydrology, 603, 126972.

23- Meyer Oliveira, A., Fleischmann, A. S., & Paiva, R. C.
D. (2021). On the contribution of remote sensing-based
calibration to model hydrological and hydraulic
processes in tropical regions. Journal  of
hydrology, 597, 126184.

24- Pathiraja, S., Moradkhani, H., Marshall, L., Sharma,
A., & Geenens, G. (2018). Data-driven model
uncertainty ~ estimation  in  hydrologic  data
assimilation. Water resources research, 54(2), 1252-
1280.

25- Rahmani, J., & Danesh-Yazdi, M. (2022). Quantifying
the impacts of agricultural alteration and climate change
on the water cycle dynamics in a headwater catchment
of Lake Urmia  Basin. Agricultural ~ Water
Management, 270, 107749.

26- Rajib, A., Merwade, V., & Yu, Z. (2018a). Rationale
and efficacy of assimilating remotely sensed potential
evapotranspiration for reduced uncertainty of
hydrologic models. Water Resources Research, 54(7),
4615-4637.

27- Rajib, A., Evenson, G. R., Golden, H. E., & Lane, C.
R. (2018b). Hydrologic model predictability improves
with spatially explicit calibration using remotely sensed
evapotranspiration and biophysical parameters. Journal
of hydrology, 567, 668-683.

28- Rajib, M. A., Merwade, V., & Yu, Z. (2016). Multi-
objective calibration of a hydrologic model using
spatially distributed remotely sensed/in-situ soil
moisture. Journal of hydrology, 536, 192-207.

29- Rodell, M., Houser, P. R., Jambor, U. E. A,
Gottschalck, J., Mitchell, K., Meng, C. J., ... & Toll, D.
(2004). The global land data assimilation
system. Bulletin of the American Meteorological
society, 85(3), 381-394.

30- Rouholahnejad, E., Abbaspour, K. C., Srinivasan, R.,
Bacu, V., & Lehmann, A. (2014). Water resources of

5- Bayat, M., Alizadeh, H., & Mojaradi, B. (2022).
SWAT DA: Sequential Multivariate Data
Assimilation-Oriented Modification of SWAT. Water
Resources Research, 58(10), €2022WR032397.

6- Brighenti, T. M., Bonum4, N. B., Grison, F., de Almeida
Mota, A., Kobiyama, M., & Chaffe, P. L. B. (2019).
Two calibration methods for modeling streamflow and
suspended sediment with the swat model. Ecological
Engineering, 127, 103-113.

7- Clark, M. P., Rupp, D. E., Woods, R. A., Zheng, X,
Ibbitt, R. P., Slater, A. G., ... & Uddstrom, M. J. (2008).
Hydrological data assimilation with the ensemble
Kalman filter: Use of streamflow observations to update
states in a distributed hydrological model. Advances in
water resources, 31(10), 1309-1324.

8- Danesh-Yazdi, M., 2019). Quantifying the impacts of

40 percent reduction of water consumption and climate
change on the water cycle in Lake Urmia Basin using a
distributed 3d dymentional hydrologic model based on
the water track apability. Sharif University of
Technology.

9- Dembélé, M., Hrachowitz, M., Savenije, H. H.,,
Mariéthoz, G., & Schaefli, B. (2020). Improving the
predictive skill of a distributed hydrological model by
calibration on spatial patterns with multiple satellite
data sets. Water resources research, 56(1),
€2019WR026085..

10- Emami, F., & Koch, M. (2019). Modeling the impact
of climate change on water availability in the Zarrine
River Basin and inflow to the Boukan Dam, Iran.
Climate, 7(4), 51.

11- FAO (1995), The Digital Soil Map of the World and
Derived Soil Properties [CD-ROM], Version 3.5, Rome

12- Farchi, A., Bocquet, M., Laloyaux, P., Bonavita, M.
and Malartic, Q., 2021. A comparison of combined data
assimilation and machine learning methods for offline
and online model error correction. Journal of
computational science, 55, p.101468.

13- Gupta, A., Himanshu, S. K., Gupta, S., & Singh, R.
(2019). Evaluation of the SWAT model for analysing
the water balance components for the upper Sabarmati
Basin. In Advances in water resources engineering and
management: select proceedings of TRACE 2018 (pp.
141-151). Singapore: Springer Singapore.

14- Hall, D.K., Riggs, G.A. and Salomonson, V.V.,
2006). MODIS/Terra Snow Cover 5-Min L2 Swath

500m, Version 5, NASA National Snow and Ice Data
Center Distributed Active Archive Center, Boulder,
Colorado, USA.

15- Hulsman, P., Savenije, H. H., & Hrachowitz, M.
(2021). Learning from satellite observations: increased
understanding of catchment processes through stepwise
model improvement. Hydrology and Earth System
Sciences, 25(2), 957-982.

16- Japan International Cooperation Agency (JICA),
C.E.L.Co., Ltd, (2019). Data collection survey on
improvement of hydrological cycle model of Lake

Urmia Basin, Progress report 3 on water cycle model for
southern/western parts


http://journal.hydropower.org.ir/article-1-522-fa.html

[ Downloaded from journal .hydropower.org.ir on 2025-12-07 ]

MY WﬁGwo)Lo.w/pﬂsoJL»/u‘).:‘@]d).:olfjfujM‘Sol.ﬁd))w)

River basin (Italy). Hydrological sciences
journal, 63(4), 657-678.

37- Uniyal, B., & Dietrich, J. (2019). Modifying automatic
irrigation in  SWAT for plant water stress
scheduling. Agricultural ~ water — management, 223,
105714.

38- Wang, D., Chen, Y., & Cai, X. (2009). State and
parameter estimation of hydrologic models using the
constrained ensemble Kalman filter. Water resources
research, 45(11).

39- Xie, X., & Zhang, D. (2010). Data assimilation for
distributed hydrological catchment modeling via
ensemble  Kalman filter. Advances in  Water
Resources, 33(6), 678-690.

40- Yuan, Z., Xu, J., Meng, X., Wang, Y., Yan, B., &
Hong, X. (2019). Impact of climate variability on blue
and green water flows in the Erhai Lake Basin of
Southwest China. Water, 11(3), 424.

41- Zaremehrjardy, M., Razavi, S., & Faramarzi, M.
(2021). Assessment of the cascade of uncertainty in
future snow depth projections across watersheds of
mountainous, foothill, and plain areas in northern
latitudes. Journal of Hydrology, 598, 125735.

42- Zhang, L., Zhao, Y., Ma, Q., Wang, P., Ge, Y., & Yu,
W. (2021). A parallel computing-based and spatially
stepwise strategy for constraining a semi-distributed
hydrological model with streamflow observations and

satellite-based evapotranspiration. Journal of

Hydrology, 599, 126359.

the Black Sea Basin at high spatial and temporal
resolution. Water Resources Research, 50(7), 5866-
5885.

31- Saha, S., Moorthi, S., Pan, H. L., Wu, X., Wang, J.,
Nadiga, S., ... & Goldberg, M. (2010). The NCEP
climate forecast system reanalysis. Bulletin of the
American Meteorological Society, 91(8), 1015-1058..

32- Salamon, P., & Feyen, L. (2009). Assessing parameter,
precipitation, and predictive uncertainty in a distributed
hydrological model using sequential data assimilation
with the particle filter. Journal of hydrology, 376(3-4),
428-442.

33- Shah, S., Duan, Z., Song, X., Li, R., Mao, H., Liu, J.,
... & Wang, M. (2021). Evaluating the added value of
multi-variable calibration of SWAT with remotely
sensed evapotranspiration data for improving
hydrological modeling. Journal of Hydrology, 603,
127046.

34- Széles, B., Parajka, J., Hogan, P., Silasari, R., Pavlin,
L., Strauss, P., & Bloschl, G. (2020). The added value
of different data types for calibrating and testing a
hydrologic model in a small catchment. Water
resources research, 56(10), e€2019WR026153.

35- Tuo, Y., Marcolini, G., Disse, M., & Chiogna, G.
(2018a). A multi-objective approach to improve SWAT
model calibration in alpine catchments. Journal of
Hydrology, 559, 347-360.

36- Tuo, Y., Marcolini, G., Disse, M., & Chiogna, G.
(2018b). Calibration of snow parameters in SWAT:
Comparison of three approaches in the Upper Adige


http://journal.hydropower.org.ir/article-1-522-fa.html

Ol 2! & 3 o9y g dw (oode &y
VEoY cybiuno ) | e 9 o 3lacs | w00 Jluo

Journal of Iranian Dam and Hydroelectric Powerplant
10th Year/ No. 36/ March 2024

Prediction-Monitoring of Hydrological Variables based on Multivariate
Assimilation of Ground and Satellite Data

Mehrad Bayat'

Hosein Alizadeh*?

Barat Mojaradi®

Abstract
Nowadays the capability of forecasting-monitoring of hydrological variables
is one of the crucial issues in the hydrology context. Traditionally, calibrating
and developing hydrological models is based on streamflow observation.
This issue arises from the lack of the availability of in situ measurements of
other hydrological variables. Moreover, the models that only rely on the
streamflow observation measured at the subbasin’s outlet may incorrectly
represent the internal watershed processes. Due to advances in remote-
sensing techniques, a good opportunity is available for -calibrating-
developing hydrological models based on the remotely-sensed data. Due to
the importance of the Urmia Lake basin and the lack of a hydrological system
for forecasting hydrological variables in the basin, we applied Data
Assimilation (DA) at the upstream part of the basin. Accordingly, we
simultaneously used the in-situ measurement of streamflow and remotely-
sensed MODIS Snow Cover Fraction (SCF) to forecast hydrological
variables at the upstream part of the Mahabad basin. Moreover, we compared
the result of EnKF with SUFI2. Results show the simultaneous utilization of
SCF and streamflow can concurrently improve the simulation accuracy of
both variables. However, both EnKF and SUFI2 access similar result
concerning streamflow simulation, EnKF provide a better result for SCF
compared to SUFI2.
Keywords
Multi-variate calibration, Data assimilation, SUFI2, Snow Cover Fraction,
Urmia Lake
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