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Global database and satellite products with high spatial and time-lapse power, can be
seen as a suitable alternative source for conducting studies of water balance
components in statistically deficient areas and areas with no uniform distribution of
stations. Use of this data provided that it has sufficient accuracy, for Iran, which
many of its parts, especially desert and mountainous areas, due to the low density of
stations, the short statistical period of new stations always faces problems of
accessing local and time information in the region. They will be, of great importance
it is. The main goal of the research is to assess the global database and satellite
products to estimate real rainfall, Evapotranspiration, and changes in water storage in
the Tashk-Bakhtegan basin. Used GLDAS, PERSIANN - CDR, CHIRPS, NCEP
database to assess the rainfall according to our objectives. For real
Evapotranspiration, the real amounts of evaporation and absorption were first
extracted based on the Balance Torrent White equation, and the results were
evaluated by the GLDAS database, GLEAM. The GRACE satellite was used to
estimate the changes in the region's water reserves and to assess it the GLDAS
satellite was used to extract annual changes in groundwater. Results obtained showed
that the PERSIANN - CDR database performed best and consistent with its
observational data across all statistical indicators before and after the Bias correction.
GLEAM also had the best statistical performance in estimating Evapotranspiration
before and after correction with Balance Torrent White Equation data. Comparison
of the observation levels of underground water with data extracted from GRACE and
GLDAS satellites indicates the existence of a similar trend, and, based on the power
of GRACE's low locality segregation and the low area studied, the results for
groundwater changes and Ground water is acceptable. The results of the present
study show data from the PERSIANN- CDR satellite for rain, GLEAM model for
real evaporation and absorption and GRACE satellite for estimating ground water
changes as a convenient tool for making early, quick and low - cost estimates on
Water Balance Components It will be used.

Cite this article: Rostami, S., Delavar, M., & Shokri Kuchak, V. (2023). Evaluating the Efficiency of Global
Databases in Estimating Water Balance Components in Data Shortage Conditions. Journal of Water and Irrigation
Management, 13 (1), 17-42. DOI: https://doi.org/10.22059/jwim.2022.348497.1020

OOnDS

NC

© The Author(s).
DOI: https://doi.org/10.22059/jwim.2022.348497.1020

Publisher: University of Tehran Press.




- -
. *»
rmnﬁn;&fj}l& d/%’ !*f h/;f,g

Homepage: https://jwim.ut.ac.ir/

C/’/';’? oy

ol g 30 ST M SLAd 30 99T w30 Sle 0818 Sroll 1,15 b

0313 3 guo

TS g8 (55 ang | T 59¥5 oo | | oien s loews

sobhan_rostami@modares.ac.ir :4sbbl, .yl pl ¢yl )15 (o oy oKl (65 y9liS” 0l (ol iy ppte g (wdige 09,5 )

m.delavar@modares.ac.ir :aeblly .yl (3l 05 (o yho a5 oK1 ¢ 6559l 01Kl ool gy pydo 5 cwdigo 095 ¢ Jgtms o dinnr g5 .Y

s.vahid@modares.ac.ir :4ebl, . )|yl ()l yo5 ¢ wyo i ol ¢(5y9lisS 0aSiild «ol o o § Lwditeo 09,5 ¥

2SS

Al Oleb!

iRl arte Sy ity Y Slej 5 S SKSE 58 b (gl galo g 5 Sl slaesls oS
oS ) 558 (el (B 8y il by b aosls ) ) oalizal gl adly dnginjge AlsH o LaolSiuy)
A 0353 Jao daelSisl el o515 Mo a5 bl ol o598 o (oo Sl 5l
Sl o drlge wuldl Sloj g SlSKe SleMbl &y o piwd AL b ojlgen bt (slaoliu! olisS
2 Ulojlaale Y aame g Slas slaodly ol objyling} cpl ol Baa .l Hlayen y (o5b Cucnl
sl ol St a5 (rosnj ol 5 Ol s Sl (Bl 35 9 55 )k Oyl
Lo Gl 4 455 L NCEP 5 CHIRPS PERSIANN-CDR GLDAS (¢baosls oSl 51 3 b5
Bl 3y g e plie Culy g M dolee (olusly Ll (SBly 3y g s (gl b odlil
9 ol 85 @lyuis 3y9l gl b obj) GLEAM 3 GLDAS (claodls oL b ] gl ¢ 0 gl el
zlyl (¢l GLDAS o)lgale 5| o1 obj)l g1y g GRACE o )lgalo ;I anllasd ygo ddlaie  uojys; (slac]
ples ;> PERSIANN-CDR o315 oS0 ol Lt ol zols b oolisusl (duejp; o ¥l <l s
b |y gl ualie slaoshs b Jlan 5 5,Sas (it (sl ol Sl dm g S8 )bl sl sl
Llod Jl candy cnyie ) ehol 51 ax 9 U8 G55 9 55 259l 5 39 GLEAM oo ol .o
gyl Slunlie ke duslie cul adls Coly oy (Mo dolee (laodls b1y (o)l cla asli
il o s Wgy 25 0dmd i e gl sl GLDAS 3 GRACE o)laale 5l a8 oleodls b wojys;
5 ol SleMbl amy o iyl adlae ol ol Jod B suojp; o 9 dwes O Slpuis ly
GRACE o)lglo g sly 5,5 9w (sly GLEAM e (5L (sl PERSIANN-CDR o,lgale
PS> & jaaS g g cadgl (sladygly plol (dlyy amslio I3 gt o ines o s 9l (sl

28 8 odlizal 3,50 T M (sl el

gy Ao il g4

VNV EIVE 1Bl 0 g b
VBN VIVD 16 5550 G U
A RRVRYNRY SIS PR T

VY /Y0 3 i) g U

o jlgunls
i
Wil

ol oMo
(sl 02l oL

35 5

0313 39008 bl ps g3 ol Mo slaadle )9l 55 Slea 03l slaolol ST LUyl (VFY) g (Koo ()b g p 9V ww soiuy DU

DOI: hitps://doi.org/10.22059/jwim.2022.348497.1020 ¥Y-\Y (M) ¥ « sl 5 o oo 4y

©NoIE

BY NC

By © Ol ol &asls ly L] duoge 1,00




R\ 0313 39008 Bt fpud 13 (A Mo saAd50 3,900 15 lg 035 gL (I S,

dodio .
s9008 b Ciliiee (Sla i & 2255 b ggdge cnl & sl Gl el o it G9S aille n e I S
&S Jbys (FAO, 2012) s 0 yiul3dl 1, ol le yoe Copie 4 5L <l 34008 E9o90 plply .l aslss
Lg:ai’xuob Lgl)a u] Co o L;Lmow D9 ) SR> ).Ju:&’ ] f’)\j Lol 0dg ng é:L.A Arwgl p i u)ﬁ » J.tfﬁb
sbadisej 3 jorb g 38> SleMbl 4 oliws (uizes 298 3kl VY ()8 3 e Sl 3 (e shatls 4
ol (g3 Cudgizme Ol wlie ¢lp 05ga ( anb @l Copie
loase My plsl g (oS 25l poi) 3 ol ein) Sl e I g gy il Cumex 38l
Ik Copte dsY g ol lie Cypte Jolho il § o pnte 5l S ol glie (2] leie 15T 5
iz IS ol el el ol gle (S g (oS it 9 205l ol @l byl el Bu Ll
e Lalyd sog g bis g Of 4 bgpe b (ials ol e piY Gledbl @)l 5 dnls
Lol u] é:L.A .))91)). 4 Cnnd u‘w&) Lglibolf.b.) 9 u9ﬂa.o wl) (o) on)L:: J?l dJJbg 22 o L)" J.wl:ua

o Sl S 5 (oS o oy Car e e Lot &l jlaiods o blus )y odas ysboa;
LY bﬁfua Sy uT 4>)> 5 odlo LSL“’ le u»Lw‘)J d)LAA 9 dalais LS’T JWLU .))91){ 9 u&»lfT on)L.: uT
Ja sla by, il e St (2l )0 0fga ol lio dnogi sloojyyy 0 Slalllas (i eges 3l (Ko ol
Wegchenkel ef al., ) 1l awsls gmls ;5 oge id B9 o wyiwd > Ol (laddlhe dle y> oabass 5
M e ‘C)Mﬁ dslxo QYM O S>> Ly A2 e ULM.» «Tj é.gLI.o (PHE QM‘“ Lgl.b).ﬁ.n‘)li =3 .(2003
&5 335 o Cygo Cusbly 5l y90 4y 5 (el Glylas ol Y gaore (sla pass a5 pl dlos 10,05 3959 ol )8
g o «Tj &le oMo Caw b dplee 4 e ol

0o Ol M oges Aol (lip) slo ol (ils g 455 gy £55 5 Epse Ay (21 4 a2 b
U0y 8 jlaiae olb llesMe LU 3jse jo 50 cplply g dales 550 aoly pl g9y p el o LB
Zawwy dilaio S5 50 Jlo flgiedy il edlaiol B S odelcansdy claclg gl & Solel Lo yia0d 5y 0gMe
e gl gy jl Sldllas K68 o350t S 3 L g 0)S olaiwl (glojlaale (sla wSe e o (5,550 yoboas
.(Perry et al., 1996) 5 o s cawlio 8> &

39l Bl o 4 ol ogo Alius o bl ST 3 3 Slalie (claodls 395wy 1 3yb
loodls ol g 493 5l iomu p e Y giae 0 0l listuigd A8 dnlge las b ]y O plie My (laadlhe
Sl g (ly 55 5 e (o)l Al Ol 8 Cilises (linl 3)90 5 1y SleMol & iz (wytind ) o
Olpte bwg Sl 033 olS0L g (slojlsale WY g pgi sla oy 4 pud] sl Jlw )0 imd o &l (g5lws pBD
sradie S S misl awyp el 03 dguaS Lyl jd Waodly )l sid  old an gl Ol pmaasiio g
Ll63,S wly3 SleMbl cbaMs 55,8 0 g 03,58 Lide cdinjp S e sbola |y ol 5 oMo
oo (e bulyls b dgng SleMbl pl Cavlie Bubal § Coro ogad (5 Slolgl o)lsen 45" cusl S5 & p5Y
5 o ol J 8 g 00,8 5)68 blisl bl ol cul 5l 8Ly Sledbl b oplply adbe



)f"f“j;/a)la.é?‘Maﬁwa)ﬁoig)kf; u/’w).:.t.o K

Sloslgale ¥ gae 385 (2bj)l pegas ) 3bj Cllas Glea Bblie plo 5 (lnl 3 0555 518 2L
oyl ol 5l 3y90 iz 4 dell jd a8 ol 485 Syge Ol Do claadlie 3yl Sl 03l oKL 4
g s

TRMM) 1y lojlanle Jparmo cuin Adige adhic o Wl j» 395 adlas 5> (2016) Duan et al.
(GSMaP_MVK 4 CHIRPS PGF PCDR CMORPH_BLD CMORPH_CRT .CMORPH_RAW
N8 bj)l 290 (FAR POD) (29395 9 (RMSE MAE ME R2) gy slo adls (ol 1) (2)b sl
b6 jobay CMORPH_BLD 3 TRMM (CHIRPS (¢)l] (slaylme o 5l a8 sy ol bl gobs .l
iy |y 5 Slas 000 PGE a5 Jbo p> g o gainas; 3)Sdas cpyite b iy Jpamms aw lgicds (slauslio
Jeaxe aw 9 TMPA Jaaxe 99 CMORPH  (glojlsale o)l Jpaxe s (2014) Lo Conti et al.
TRMM Jgae 4w (2013) Nikolopoulos et al. .s5)l,8 sbj)l 5y90 Sicily o3 ,» |, PERSIANN
bj,) Giulia Friuli Venezia dilaio > S5 Jow dlagy &S 4l |) PERSIANN 3 CMORPH 3B42
Gl ly o)l dilisee aYgame objyl A pel (Brdogn byl asgs jd (claddlhe (2020) Alnahit ef al. 5,8
PERSIANN- 3B42RT 3B42 PRISM) osliulsyge @V game sl slosl Ol cussS 5 by (gjlo]e
oy S 5,Slee oy yine PRISM Jgamo o ol guls &S w349 (CFSR ¢ GPCP PERSIANN (CDR
«lp s PERSIANN 5 CFSR &¥gae 45 Jls,> PERSIANN-CDR 4 3B42 o 5l e g 3B
5 PERSIANN 5L (2020) Ghorbani er al. 35,5 Joo chns ol cuaS ¢ by (gjloans
oy a8 ol LS gl wosls J13 oLl 3yge (w)STy Siidaes bl o)L 3,90, > |, PERSIANN-CDR
@ dlte b )l 505 9 RMSE (5eS ((Stwen upd npgin AVl 5 able lde 5
cds jl wlale whis > PERSIANN-CDR 5 PERSIANN Luwg 5L 3,90, .55 PERSIANN-CDR
oledMbl o b Slelie yolie (2019) Zangeneh ef al. g jbye5p aVleo wlie 4 Cund (g5 i
LS asl woly )3 awslie dy90 )b bl p3 yels 350l asgs 5 CMORPH 4 PERSIANN (¢lo,lgalo
Je Lol cwenl i gelo wlie > PERSIANN & cows CMORPH L glialie sbaosly ( Siwgon 3l
U cleedly 5, Sles (2018) Eini ef al. ) pess sy B L1y JLL slajs, slas PERSIANN
ase> > SWAT Juo (Siedgpded (gilwands 3 |y NCEP CFSRy CRU ke aulsl (sbolSl onds Julos
YU cdy Shalie polie )68 3 o3l ol g3 ol ol giloJre gl 501 j13 objl 5y90 1y of lae oyl
Iy daw Gllyy cuslg NCEP CFSR oL 1 i CRU ol oy ol 50 &S o5yls Gllgy= iyl Jio o
S (gl

» eipa GLEAM Jao &ljsy 5,5 9 wos byl (2017) Yang et al. 4 (2011) Miralles et al.
b5 e ol plol e (Slidod g (Shalde sl laaSed jl adlate cuia g Gl (o) gaw (olde
A8 359l g8 B s b1y Bly 5,5 g s Wil e ciliste jloj wbide ;> GLEAM Jao (claosls o
L1y GLDAS Jus jl Juols 5,05 5 juod slodly cui ey (2020) Dezfuli et al. 4 (2017) Faraji et al.
Ay plis asl 63,8 objyl 1) 48,8 il ases Jls 1 g g el Shelie claodly I oslil
Josb jlol 086 sblio (¢l wlio (p3ols wily o byl g canlaJao ¢ Slalie cloodls o YU  Suses
asy 5 Bly 5,5 g g 3y9lp cla by dunlie g wyp 4 sladlae ,> (2018) Javadian et al. .ausb



) 0313 39008 Bt fpud 13 (A Mo saAd50 3,900 15 lg 035 gL (I S,

ol 5 yiw ;0 &S 2l lis SEBAL 35,65l L GLEAM G,% 5 jpuond ol duolie sl y dess)l 4l
A0S0 b oS OB aVle wlie ) gaezmeyd Lol g o 0dd gy 90 pl e (o0l NS
MYDI16 Jols Slke oLz 8ly 5y85 9 wod Joae pdlie Cows (2021) Yarahmadi et al.
asg> 3 SWAT Juse jl Joobs 5,5 5 s pyolio ) odlizl L SSEBOP  GLEAM (GLDAS MODI6
9 SSEBOP Juo I odalcwndas polie ol L zuls ol j13 obj)l 3)90 ailale wlie ;5 48,8 s 5yl
Jso 3l o Juols polae b1y BME] 1 568 5 cp i ias o> V5 Mo 3 V8 slad wo o b i yay GLEAM
i3l |, SWAT

WB3gy 4> 3 cal 00 pbl s il 3ble 5 GRACE o)lgale b iejpj cslod clymis b))
e ST ashaie (2009) Rodell and Velicogna sia Jluid (2007) Rodell ans Chen o ow o o
Igbal and kSl ) diw ase> (2016) Nanteza and Linage 5,5 b 8l (2015) Xiao and He
(2014) Farokhnia ef al. .cul osss sl (2016) Huang and Pavlic 5L, b,J1 ¢ (2016) Hossain
9 GRACE ol jlgals coblild (2021) Hafezparast ef al. 4 (2015) Ashrafzade et al. (2017) Faraji et al.
@lie g3 el (wnjp ol iy dsagyl d0by> jopl 4 5> Mo 3yl slp cusse |, GLDAS
ojlgale ol (Lt bt ioly 8 Ly pay90 oliile)S” il ej ) Sl g olul s i
Ot (Sead Gzed 5 3 (reing ol g Sl rzed g Ol Sl B9, 5l a8 )50, GRACE
olsnle j oud fols iwejpj o gaw i 3 GRACE 5 GLDAS i jl o 0,83 clyuis cglaooly
o) Sy S (L8 Glupd g @ilaw sl Jblize mop> A0 Jlis] maw 3 Slalis slaosly g GRACE
g bl & g ol g Sfdo st b (lidlon (slapite (B endplsl gladjgly 3jite b)) ) ldllas
Sooll (65,54 el g lacud by adlae ol 5l Bas il o Mo Sldlas 1 byl (605 Ka Kl
338 ooy ity CallE oy b i cptr Adbie oM Sldllas 5 ()8 pions gz o3l
o oMo oadlie 25l el 1y dlojlgale Y game 5 ool oSl 5l (S i Sloj 5 SIS SSE
ol 285 B byl 3550 498 ol (Mo Slalllas )3 pgusye 3,505, 5 Shalie (glaeals szl 4 5 Sl
2 L gl amlie praes 5 (Mo Ollles 13 (555,54 jglatods 03l ol g5 L lojor (b)) Shag3 o)
sl asg S lsisar (o) plil > Sl jupl ase s eadplsl gla bl Sk (LB Oy
85 plonil yeuiS ) bl

b gy golge .Y

axdlaod y g0 ailaio ) Y

OF U ad8d ¥V g ax 0 ) oldlss odgaome 0 mye yioghS AVYD: Carwg b (K —Sib axlyyo o) Adgs
&S Cowl Bl oS Jled oy 48y VO 54> ¥V U aado ¥ g dn )0 YA g (B0d Job by YV 5 ax
a2lyd andls ) gl neS 5 ol gl aw I e Y- dgds El)l 4 s ) o o ab ol
Al @50 M jpl ¥ odeps slaase (S ase ol bl 20 VY dgus elis) 4y R Sl
9 2okReS gl | (a3 3ble olyen 4 o)lb Gl (Byd g g e (Jled bl J ol isu g 039
PO I 35 e Sacuds )3 yia oo 10+ 393> jlodgazme nl 3 )k gl (Y JS8) 9800 Joli 1) el



’f'r.J’/o)M‘,g.adjr.wajj.:‘d)lg/’jy/'s‘kg)g..u Yy

o 5l (S plgied (05390 S Adlige yiacdee YV dgun ()b bawgie g WS o0y ClelE)] > e e
oMo JyuS jslaiods 131 sloamd )3 &S st (ladw dlox 5l g 5 oMo sladws 5 )50 Gladw (5
Sy Wlosesy oy 4 ade ol Gp M g Cate (kS wopb gbils Gl ol b
O plie | gy cuily g asly g UYL daaliag, clalis cole) prc (il Jo s gla Jlslis
[V IPIN &Pkl Juboo ool Cauwdds =l olwly cwl 03505 dbul ad g cpl 3 1) (i O daw
Cawl 04 gl il glojlanle palas jl eslaiwl b aS" WYAY o VWP cla Jlo Jloj ahade 93 o K0 —Sib
JUo Y& oo 5 (5318 by g o «Sitbo (sl al ) o) adge ol ol (slaaig 51,1 Jl5a VI 290

[(Iran Ministry of Energy, 2013) cuwl oads jle 93,5 aJoi dsttuno (gl )l 5eSas 4y Ji g didy oy jl asds

dy90 ol Dy 4o aw 39l )3 LolKl ol obj)l 0dls Sl (cloolKol 4 wytwdds a5 b Lidgh oyl pd
ol 035 0313 5 (V) USib 5 45 o lods 5 ol o1zl clallls (gl o] 51 csysSoe oISl izt 9
Gy5 5 o 4ilge gl g NCEP § PERSIANN-CDR (GLDAS (CHRIPS (cloolSly ol ailse sl
GRACE o305 oS0, 51 (isojpjid jlyi 5 ol 0yd lyusis dilgo sy g GLEAM g GLDAS slaolSoly oo3ls
oLy 5 obs)) aibais 5 d9vge halie slaosls b besls ol cpl yolie ol 5 05, GLDAS 4
Caoly Coyy Mo dblre ol 51 Slaalie glaodly laas Jdsas 5,0 9 o oLyl o b gl Lbj))

S olelid 5 glaedly sOL cules 10 5 00 glyseiwl SUj)l sl jasli Ibases 4 48,5

Legend
:] Study Region Boundry
. Hydrometery Station
I Lake & waterBogy
e ROACH
@ Precipitation Station
@ Temperature Station

E Aquifers
Elevation(m)
Value

- High : 3617.91

- Low: 1548.47

Figure 1. Tashk-Bakhtegan Basin
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Tablel. Specifications of the used databases

Precipitation
Source Data Period  Coverage Freq. Resolution Data set
https:/psl.noaa.gov/data/ S 1979- 1.875°
gridded/data.ncep.reanalysis.html Precipitation present Global Monthly 1.875° NCEP
http://chrsdata.eng.uci.edu Precipitation 1983~ 60°S—60°N Monthly 0.04° PERSIANNN-
present CDR
https://Idas.gsfc.nasa.gov/eldas Precipitation ;?:i;(t) Global Monthly 0.25°,1.0° GLDAS
40°N to
) i . s 1979t  40°S and . o
http://chg.geog.ucsb.edu/data/chirps/ Precipitation present from 20°W Monthly/Daily/6hourly 0.05 CHIRPS
to 55°E
Evapotranspiration
https:/Idas.gsfc.nasa.gov/gldas Evapotranspiration ;ijfr;t Global Monthly 0.25° GLDAS
https://www.gleam.eu/ Actual evaporation  1980- 5, b ) Monthly 025%25km  GLEAM
Transpiration present

Total Water Storage Change

Water Equivalent ~ 2002- -
Thickness 2019 Global Monthly 1.0 GRACE

Storm surface
runoff
Baseflow-
groundwaterrunoff  1948- - Hhourlyormonhly 025°,1.0°  GLDAS
Soil moisture present
Snow depth water
equivalent
Snow melt

https://grace.jpl.nasa.gov/data/get-data/

https:/Idas.gsfc.nasa.gov/gldas
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Figure 9. a) Baseflow-groundwater runoff, b) Snow depth water equivalent, c¢) Soil moisture, d) snow melt,
e) surface runoff.
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Table 2. List of the statistical metrics used in the evaluation of the global data

Statistical Indexes Equation Optimum Value Unit

X 1(0;: —0)(p: — P)I

; ; 2 _
Correlation Coefficient R S (0= 02 X Yy (P — P 1
n 2 mm/month (Rainfall-ETa)
Root mean square error RMSE = M 0
n m/year (GRACE)
n 2
Nash—Sutcliffe efficiency NSE =1- M 1

i 1(0i —0)*
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Figure 10. Average regional annual rainfall (Before bias correction)
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Figure 11. Regional average annual long-term rainfall (Before bias correction)
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Figure 12. Correlation coefficient observational data with precipitation databases (Before bias correction)
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Figure 13. Taylor diagram (Before bias correction)
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Table 3. Values of evaluation indicators (Before bias correction)
Dataset CHIRPS PERSIANN-CDR GLDAS NCEP

r2 0.77 0.91 0.85 0.41
RMSE 31.15 20.18 23.38 44.44
NSE 0.56 0.81 0.75 0.10
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Figure 14. Average regional annual rainfall (After bias correction)
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Figure 15. Regional average annual long-term rainfall (After bias correction)
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Table 4. Values of evaluation indicators (After bias correction)
Dataset CHIRPS PERSIANN-CDR GLDAS NCEP

2 0.78 0.92 0.9 0.58
RMSE 22.32 15.02 15.80 34.60
NSE 0.77 0.9 0.89 0.45
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Figure 17. Taylor diagram (After bias correction)
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Figure 19. Correlation coefficient observational data with actual evapotranspiration databases
Table 5. Values of evaluation indicators (Before bias correction)
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Table 6. Values of evaluation indicators (After bias correction)
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Table 7. Values of evaluation indicators

Dataset 12 RMSE NSE
GRACE 0.52 0.84 0.47
y = 0.62x - 0.0654 08 e
R*=0.5231 ° o 5
03 | ..
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°
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Figure 23. Correlation coefficient of observed groundwater changes with the values obtained from GRACE
and GLDAS database
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Table 8. Final table of database evaluation indicators for water balance components

Study Current Study Comprehensive water plan Water Resources Atlas
: Time period —19¢3 7011 1967-2011 1967-2006
Variable
Precipitation Volume (mcm/yr) 11.09 9.55 10.01
Actual Evapotranspiration Volume (mcm/yr) 7.26 5.94 5.37
: Time period 54052011 1967-2011 1967-2006
Variable
Ground water Change (mcm/yr) 0.06 0.00 -0.32

Table 9. Comparing the results obtained from current study with water resources balance reports

Monthly
Component Database Before bias correction After bias correction
R’ RMSE NSE R2 RMSE NSE
GLDAS 0.85 23.38 0.75 0.90 15.80 0.89
Precipitation PERSIANN-CDR 0.91 20.18 0.81 0.92 15.02 0.9
CHRIPS 0.77 31.15 0.56 0.78 22.32 0.77
NCEP-NCAR 0.41 44.44 0.10 0.58 34.60 0.45
Actual evapotranspiration GLDAS 0.38 17.70 0.34 0.81 9.96 0.79
GLEAM 0.52 16.36 0.43 0.84 8.86 0.83
Yearly
Groundwater level changes GRACE R2 RMSE NSE
0.52 0.84 0.47

Lowg s -0
1. The Precipitation Estimation from Remotely Sensed Information using Artificial Neural
Networks-Climate Data Record
2. Global Land Data Assimilation System
3. Climate Hazards Center Infrared Precipitation with station data
4. National Centers for Environmental Prediction / National Center for Atmospheric Research
5. Global Land Evaporation Amsterdam Model
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6. Gravity Recovery and Climate Experiment
7. Terrestrial Water Storage
9. Terrestrial Water Storage Change
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