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Introduction

The large temporal and spatial changes of precipitation, especially in mountainous areas, have turned it into a
controversial variable in climate models. Measuring precipitation (rain and snow) along with its distribution and
changes is very important to improve our understanding of global water cycle and energy, water resources
monitoring, hydrological modeling. Lack of reliable data is one of the most important challenges in rainfall
analysis. Due to the significant temporal and spatial variability of precipitation in mountainous areas, accurate
spatially distributed data is crucial for effective water resource assessment and management. However, many
mountainous regions have limited rain gauge stations. Today, satellite products are commonly used to measure
precipitation in these areas, but the variability among these products raises concerns about their accuracy in
mountainous regions. Additionally, the quality of satellite products differs between various products and across
different climatic regions, making it essential to thoroughly evaluate them before use. The purpose of this research
was to evaluate the precipitation data of two satellite products (GPM, PERSIAN) and reanalysis data (ECMWF) in
the estimation of precipitation in mountainous areas without stations in Lorestan province.

Method

This study utilized rainfall data from 24 synoptic and rain gauge stations across Lorestan province.
Emphasis was placed on stations situated in or near mountainous regions. The selected stations were chosen based
on their suitable spatial distribution and record length. The rainfall data spanned the period from 2015 to 2021 and
included daily, monthly, and annual measurements. To evaluate satellite rainfall algorithms and estimate rainfall in
regions with limited data, data from the GPM and PERSIAN satellites were employed, along with ECMWF
reanalysis data. The PERSIAN rainfall algorithm is a remote sensing-based method that utilizes artificial neural
networks. It calibrates infrared data with passive microwave estimates and converts longwave infrared images into
rainfall estimates using a three-step process. The spatial resolution of this product is 0.25° x 0.25°, and it offers
hourly, daily, and monthly temporal resolution. The PERSIAN rainfall algorithm data can be accessed from
https://chrsdata.eng.uci.edu. The GPM mission aims to provide continuous observations of Earth's precipitation. It
employs the GPM Microwave Imager (GMI) and Dual-frequency Precipitation Radar (DPR) to observe both snow
and rain. The final product, called IMERG, is generated through multiple runs of the algorithm for each observation
time. Initial estimates are quickly provided, and subsequent estimates improve as more information becomes
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available. The spatial resolution of the GPM product is 1° x 1°, and it offers hourly, daily, and monthly temporal
resolution. IMERG data can be obtained from https://gpm.nasa.gov/data. CMWEF reanalysis data is derived from
the combination of short-term simulations of numerical weather prediction models with ground-based observational
data. These simulations are controlled with observational data, and the resulting reanalysis database provides global
coverage from 1979 with a spatial resolution ranging from 0.125° x 0.125° to 3°. The temporal resolution of
ECMWEF reanalysis data is hourly, daily, and monthly. More information about ECMWF data can be found at
https://www.ecmwf.int/ (Azizi, 2019). To evaluate the accuracy of the products, R-squared correlation (R2), root
mean square error (RMSE), standard deviation (MAD), correlation coefficient (R), error deviation (MBE) and
Nash-Sutcliffe coefficient (NS) were used. Also, the probability of detection (POD), false alarm ratio (FAR), and
critical success index (CSI) indices were used to validate the data.

Results

The results showed that none of the three products are suitable for estimating daily precipitation in
mountainous areas. However, on a monthly scale, these products provide reasonable estimates. Among the three, the
GPM satellite product demonstrated better accuracy on a monthly scale, based on error levels and the spatial
distribution of estimated precipitation. On an annual scale, GPM also performed best, as indicated by both statistical
errors and the spatial patterns of average annual precipitation. According to the MBE index, on daily and monthly
scales, the ECMWEF product tended to overestimate precipitation, while the PERSIANN and GPM products
underestimated it. On an annual scale, GPM and ECMWF products overestimated precipitation, whereas
PERSIANN underestimated it.

Keywords: ECMWF, GPM, Mountain, PERSIAN, Precipitation, Satellite



S g ol a8
https://jsw.um.ac.ir

L l:-_,’;i}‘sfz;s

d"'.:'hﬁj‘% Jlae
FEFFYR o F ¥ oL g oF ol FA uls

Olil il ga Hlal WBU Sliwn oS sble 53 gloylgale J3,L OV guames anglis 5 oL
Olew )

¢ o3l 4o S p = o3l ol ) =Y I3 L;’M‘JS L.o,:l.ﬁ - WX f)b L;da..a.a
VEY/NYNG 13l s b

VE Y/ 27N Jﬁv\i @)U

2SS

Seidae cbilodie g ol glie p ol ol 2 o Sy d0m sl o e Glo; Sl 5 @i b elyen (o)l 550l
N gaa iyl sl (5 Sl 13 bils o ) 5o s sblio > Logasds sleiel b (claodls 39508 canl g
Bolio (sl | Lol 85 39390 oV guae cym 5] Lol 15,5 o 1,5 oolizlsypn Sblia il 93 Uyl csyeSosil sl ol olyieds csoslgnle
OBl sleedls (bl (a5l 51 B )l g5 el )18 51 LS (s lgale Y guae ol oyl el pls S o Il 4 SlimsS
i) sl 53 olStg) 136 g 3blia )3 Uyl 3592 55 (ECMWF) (4415 5L (slaosls 5 (GPM, PERSIAN) cclolgnlo Jguane 50
cops (MAD) s 3llas 35 S5ke (RMSE) s gye (ke Lo o(R?) uss o s slaolol | ¥ guamme s L)) sy ol
et cglo sl 51 oodls oxiasylie] (gl cymizman A5 ozl (NSE) CigSolum 5 a5 (MBE) s ol CORR) (Ston
okisles o 4w ] Soged 48 3l s gl 15 elitl (CS1) il Ctbge sl (FAR) oLl i s (POD) (sl sl
@ Gl ol sl sl oslle @l Y gaseo ol Glale (olide )3 it SlsS Gblio )3 wlig) Gubide > ()L 35l (sl (ammlio
3l 0dBod) pess 5l SKe g6l pimed g aled i 4 dsg L GPM olsale oo ccaliste (loodly b ¢ Jgame dus oy 5l i
WYl )k 5:le S0 slagSl (yizmen 5 (5)lol lallad jlade @ a5 L 5 4Vl lide ) Canl J1o)55 0 alale (ol )> (5 pige <5
Y g dlalo g ailjg) Gobie ;> MBE [asls gl 4y dagi b oizmen 3l ol 1) (o)l Jldo 2502 3 syt 3,Skes GPM (g0 lgalo
ECMWF 5 GPM ¥ gamme &¥lo s 5 Atiuad Ll (pa5 13 33512 oF GPM  PERSIAN &Y guaee 5 35912 (it ECMWF
i 35 25 PERSIAN Y gnins g 35l

PERSIAN, ECMWF GPM . jliuasS ¢ j3,b s 60lS” (sbdojlg

(Vasavi et al., 2022) 5ls bl )b § ols p o3k @l
il o sl s5ul 0jen S Ol wie (5550 5 e B
9 pbatel @iy el g Cuwl (a2 b g9t (s Sl 5 Sloj
9 39lp (Wang et al., 2020) aad o olis 395 5| Kenl
«soLaBl sladine; )3 jloky drwgi jligin 5k 35> g pSejll
ooMe (Tan et al., 2018) cul slois! 5 (590581 ¢(55y0liS
Siloand 5 iloie Sl 93909 03 e UBIL cnl 2
4 SbungS 5ol slasjes .(Zeng et al., 2018) cul LUl
Slopy casal I lapgo] Clius 4 cans YU cawlus

dodbo

9 Sl owe; (Siddoyhn a5 Lol clipl I (S 8k

O‘)ﬁl LJL“‘"')‘[ ‘Ob.‘“’)" »15 ‘@mlb )LQe )iu.tz”_v =)
(Email: mostafa.fallahi677@gmail.com  :Jstue ssiw 5 —%)

pole 0aSily (Ldl s> 09,5 ¢ wliilen 4 ol bl 5 sboliwl s ay Y 4 ¥

Q‘):’.l ‘Q‘)QJ (L;o)‘)b& olKiily (JL:.BI)Q

Oyl ol ) eliw ) ol (g5 ygliS 0aSiisl (LJ ol 4153010113\) -¥
https://doi.org/10.22067/jsw.2024.87068.1395


https://jsw.um.ac.ir/
https://orcid.org/0009-0006-9448-7543
https://orcid.org/0000-0002-1877-5045
https://orcid.org/0000-0003-3677-8044
mailto:mostafa.fallahi677@gmail.com
https://doi.org/10.22067/jsw.2024.87068.1395

VPe¥ LT — jo0 oF ojlods FA al>r (SB g w,u FYY

3 oolhae 5 Shee Silo o] gols 9 a3ly,, TRMM3B43V7
P s 3Sles g adg (¢ el (2l Jpaxe 9
Paolo et al., ) ,Ken g gl adlas uls .cwl (B Sly
olaale I Syl 1 pes lapmess a5 ob las (2022
50 Vol b meod loj lapls 8,5 Jlas 5 L Sentinel-1
Berthomier & ) gwywl 5 pogip .l obcwd LB
Glp &S 28 Gl ) sres (:83L Jao S (Espresso, 2023
sl b Slha pelie ) hjlsale Clalie 5l 5k (pe55
Sle (Dejene et al., 2023) ) Ken 5 45 dalllas .ol
Slo; s wlis > CHIRPS (gojlsale Jao canlio 3)Slas
b ! JSis asuis clblb g VYl 5 Jlad wlale
TRMM (lojlgale ()l ¥ gae 5 2bogys slagdyy w5
5l S (Yousefi et al., 2021) Ko 5wy adlas 4
oliwl )3 0l e o35 3 g ¥ pbALS gy e
Seifi Kobriya et ) o[)Kan 5 2l pS oo Cusl 035 o855k
Uiy 3l edlizwl b (TRMM) (lojlsale aSiis 2l b (al., 2021
cuw TRMM a2l oS Wby lis gamlos bolS
s zls ol 0dd ojlanle (pl cdy doyd A=Y l58l
» (Khanmohammadi et al., 2022) . )Sen 5 (gdoxe 1
SIIMERG (glolgnlo Jouamo dw 48 3> L yorlis jusol 059>
s Real Time g4 ;| 3B42RT-7 Near Real Time gq
cwlio diljgy whis ) Final Run ¢o JPERSIAN-CDR
Ko bl s ) s 0Sles dlale ulide ;3 Jg Sitws
; Tafte et al, 2019) cllee & g olbllas

Abdulahipour et al., 2020; Lu et al., 2023; Huffman et
al., 2023; Talchabhadel et al., 2021; Kubota et al.,

2,8 o,lsl (2020; Chen et al., 2020; Gao et al., 2020;
Gble o OY¥gase pl 0, Slee Joal o8 o lis mlie )y
oty ey Slallas 5 015 (bl olis) ol (Sliaunss
Wl )SHl5 2Ll 2y9e b Sleldyl )3 g dgaee (B
Slojlsale Jopame 93 bj)l ol Giagh I Saa plple
3yl 53 (ECMWF) 555, slaosls 5 (PERSIAN 5 GPM)
wligy Sloj slaglide > rej loosly b duglie Bo)b 5l 3L
by il 3 oyl 186 SlingS bl ;5 4Vl 5 ailale

!

G99 (w9,
g Sebguw oS! V¥ 5L glaedh ol imgh 4o

el gaus 3 i (g3lol (g0)93 Jgbo 5 (28T L ool
sblie 4 Sodp b g jitas oK) 5 a8t L ol

OBl ey LV SS9 o) w8 olal SluasS

o ol Lulys ahulsa, (Panthi et al., 2015) x)l)ss 5
5 Sl ol pas g ogllas ooy Sl pae
Cuolio Lol aSuid lail baylyd o oolaiBl 5 (8 clacydgize
JUS  (Ruan et al., 2017) cous pald baases cpl 5 550
loolSiny aSes ol gble 1 5 Sipgie sboolKiuy]
by WS oxSojlsl ]y ()l 550308 yobdy (xiw)l
et ofagts 5 o)L L5 Sloj 9 S 55 S a5z 90!
Lol csbbais ags o Wb liie woglite slapldl 3
Ghairi Sara ) L4 e alge SlwnsS” sblo 3 05gd Mo
9l slabyy sl sl Jls ;> (& Yazdan Panah, 2013
T559 b s Sl ol ) (gl lale ¥ guasee 5l oolil b 3,k
dwgs (o) soodly ly (R plysa Yo SBe 5 Slj
ookl b (Sw,b awyp cu e (Jiang et al., 2016) cuwl 4l
P sbyll g (Al oy ying <l 9djltoie oy,
Shokri Kochach, ) cul gy Se 0ymd o o oo p
3y5hpt S ssbas 15,00 wo,lenle » it )l &Y guase (2020
b Jghie (gpSojlul sloolRiwl 59008 b a8 (iblie 4 1) ()L
by S aiws dvlge bl il 5 eRenl mje
ol bedly ¢ds Ll (Khanmohammadi et al., 2022)
L 059yl 5 ol oglisie 1503 dllaie 4 dilaie K, 5| slolonle
Slojlgale 5, cleMbl g Towe djgw 2 Obiwabl
oo sl oez ol )5 RBI g e el
) agios (sLnl
scodgime Jda oty oliol Sbuas slg
b w815 gl wlislen slaolSiuw! ¢ olblyzs b 5 (solaidl
L pll maw 0 Lol pl glaosly I ool 5 siin
5 Sgiw bolKuw! jide omed Cuol olped Cudgize
Wl HhE e Veew Jl Soml clels)l o gl (oxpl)l
Syo Yorr 5l oYL ela)l o bl 1 ool colue o5 Jbypo
9 @5 j a8 Oledbl &S cul ond el ol pl oyl )3
Ol 3 Yoo 51 3VL lelis)l o ()l SeSloj Ol
& (ol iz o3l gl Jle jo Bl asly dexg liw )
S g Sloj slaplie » Slojlgale J5)k SV game ()
colls (Wei et al., 2020) o, San 5 go :Slasly, cilise
Swis (Taye et al, 2020) Ko 4 (sb .oy )3
Sk eV game ) ozl b L o adgs o 1) wlilen
byl 4 (Adane et al., 2021) bl 63,8 wyp (slojlsnle

PERSIAN-  CDR Slojlgale 5l O g



YV by il jlol adl ilumnsS blio 1 s05lgalo (bl &Y guazo duslio 9 (2 3,] o)y 5 (xibgs (>3

Lo slajbae
o eVgame ISy e 5k apsly cBs bl
{RMSE) 25 g1y ke yio dR) "ol ety csloe bl
{CORR) ¥ Siusan oy (MAD) "Lt llas ;5 ik
43 okl (NSE) *cadSslu 25 capi> 9 (MBE) Akt Uil ol
A5 oalatwl o balgy 5l b s ls cpl dwlore (sl
i{(xo — X o)(X, —X5s)

\/i(xo X )2 (X, —X.)2

R =

Ej:ll-zllxp - Xgl
N

MAD =

N . .
RMSE = [FimaFom%)"
A N

T

E{Prr;bx _ P:m )
MBE(%)=— 100

= b
2P
i=1

NSE= 1 — EE;:-_FEG —xs}z
r=:(Xp—%p)
Silwand laodls Xy o Slalino glaodls Xy 348 lalgy jo
osld alaws N o Slialie (saodly ke Ky ol
Sy o8 tceolonle g Slualine o)l i PEt g PO

(Sej sy IS sk Ty

Jis i el
agles laadls jl Slwbw ol twcouws glp
(FAR™) oliil jlasa coms (POD) (gjlo, K] Jlazs! Jolis
wiyys gb s edlal (CSIY) Jlpu cudbge  yadls
SB)L JSa bodly s (sladyglp dlaxs cuns POD el
Sl VL ly POD Hlide 5 sl oS! )5 siscd o
Cuuws FAR 23l sl ojlanle lawgs b bl cusyd (puess

)‘S"o oR "j )‘A's"’ 9 Cowl ‘-"’g—“uﬂ-’ J§ Slas 4 C"-*"’)Jl'; RO

4- R-squared correlation(R2)

5- Root Mean Square Error (RMSE)
6- Mean Absolute Deviation (MAD)
7- Correlation Coefficient (R)

8- Mean Bias Error (MBE)

9- Nash-Sutcliffe Coefficient (NSE)

10- Probability of Detection

11- False Alarm Ratio

12- Critical Success Index

5 PERSIAN 5 GPM cheolsale (4l 5 aibale cailjs))
5 (Y-YV-Y10 il 0)s3) (ECMWF) (gslSil (slaosls
P (VY=Y Sboj 0y99) (omiwehl 5 ted slaolKiwy)
5 Slojlgale ()b sbawn)oSUl (b)) slp b)) bl aw
3,5 oolizwl Ll 1318 sblie y3 b)b ,lade 3yl

winysS) K, PERSIAN' Jus PERSIAN sl a5
mas &b 5,4 b 93l pioris jledlitul b (SW)l (e
b je80gole sloosly (sl o )oUl ol 3,50, ol (o gias
skl abye a3 g Casl Jlbpt slogige Sie slodygle
ol S o s Sk e ) il gedsb b e ieole
Sl S g axpy /YD XV e SS& L Jguao
Syl Jlod g g a2 £ alale g ailjg; qasle
ool <l 8 eduhttps://chrsdata.eng.uci.

Jasly & (SH)b Sle plore GPM (5L w2,
05 (SIHb dtwgy Sbewd ol Ban wed e ool GPMT
sl b wo)lgnle opl (NASA, 2016; Hou et al., 2014) ¢l
wils)d 93 ok bl g (GMI) 9995k Jlsppgas Il
Jyaze 5038 saalie | ol 5 Sp )L Slyi e (DPR)
olej sl )k oz wipsS) il o) 6l (IMERG) o oy
Oty by Sje @ owes S ) sd e 2] slosalis
w3 o Sl g lmess oy olde Gledbl
S SS& gl Jaame oyl (Huffman et al., 2015)
g cusl &lale g ailjgy (sl Sloj SS& g anpd /Y X/
Gl <8l > 6 (v/datahttps://gpm.nasa.go) sles,i

Sy odd lod L seodly [ECMWF  4olS5L claodls
@l <5 5l ECMWFY) 9> Saeple lasiniin b))
L lod xg (gdde (gilwdnds sla oo aeolisS (gl gl
b oadgl il ol ol oo Candty o iwe; Shalie (claodld
Sl oKL cloodhy gde S coinlie (glaosls
5 Jlod a3 B opulpw Lids L VAR Jls 5| ECMWF
Sloj oolide 3 9 4,3 ¥ - /AYO X /AYD Sl S5 ¢ i
(Azizi, 2019) sl o oywd ,» wlale o wljy, sl
syt 5! ECMWEF <985 ol
ol <8l y> B (https://www.ecmwf/.int)

1- Precipitation Estimation from Remotely Sensed
Information using Artificial Neural Networks

2- Global Precipitation Measurement

3- European Centre for Medium-Range Weather
Forecasts


https://www.ecmwf/.int

VPe¥ LT — jo0 oF ojlod FA al> (S g 0T w5 FYY

o ol 51 (o)l 13 2,5 o 41,8 AN B YY Colps o5l
Olise Oezned cdimd o lis Iy S cdy ‘d)Lai sl sl
@Lu Ll u.ub dxnhp.))}o dl.&soli».»u‘ 2P Oy M
SNumed (63945 U ECMWF  claodhy 3 Siod sl
a3 e i ]y (i) (el o) adlate > Jpamee 4w cpl ol
s RMSE (sllas jlace - yieS ‘5)1.41 s asls ull p

5 PERSIAN ECMWF &Y game 4 by cuiya MAD
oy (b oS 3l i St Copd )y sl GPM
2 Cuwl ECMWF Y gnme 4 basye +/AY jlaie b Siues
Sy giow (oK) ;3 Siuwads o yps (p iy OY guame oyl
sl ;3 ECMWE (glacaly a5 oy lis ¢ A odmlie
L YL Sien Syl (oK) & Cod S giw
5 Cawl VY [ Stisad oy (1Sko PERSIAN &Y giamo
o il glaodly b iy olsale ) Y g
oK sloodly g GPM &Y giae (p s oo L (6 iy
oKl slaodls L bl wis ssmlie Loyl ol

i GPM 5 PERSIAN (go)lsnle Jsao 53 (sl,y MBE
eSSl hde Jaase 90 cpl wed o lis &S cul
Jae » MBE cute jlade Ll wlod,S syl adly lade
Iy (S5, s o lenls ) Y guama o5 m3 o 5Lis ECMWF
Vpame K Sppon ul 03,8 3l (Aly laie ) ity

(Y Jga2) conl (g pin jlel gyl &liyy (olide > ECMWE

sanoy 8000+ 20000 300000+ 00

£l
H 4049
H. -

0125 25 50 s 100

Salt Take watershed 5o @af T wsy

Kielers,

Su0oator

3680000+

60000 ¢

700000

300000+

ol ojlenle yiiw cdy Silo ] jieS polie g cowl e Vg
o2 adls opl WS o o 1y o)leale i B> CSI a3 ls
ool Ayl soligy 4 mb 5 Gl sla o e &
W odlatwl i blgy 5l by adlis pl deolbxe (gl ol

9 2 &S b (e laie Gl Sl H g Ly,
&S Gl ol i dawd Bl sddcnd (SW,b jlade i,
Ol 3w M jlade canl 03,8 el ) (SW)L Hlade o)lsale add
e (ige3 oSl 3 (Sl 5By sl oS Canl (olaiy
(Wilks, 2011) cuwl ssuisicas Jlaidyge o lgale )3 o

~ H
H+M

FAR="
F+H

POD

H

CSI=
H+F+M

sloylgale &Y guans dil g, (b dunlis 9 b))
200 ol e (sr o adllas (il (ol Ban & 255 L
5 PERSIAN 5 GPM ojlsals Jgaso 55 5l osliul b ond
ol Slaalie ol b awslis ) ECMWE (g5lS5L (slaodls
390 alSlan jokay AVl g wilale ciljy) (glo qwyp ©ygody gl
@bl gloasls ¥ IS5 5 coS ) Llos 5w
Gl sdddlre diljgy Sloj ol wlwl 1 (slojlsnle Y gazs
olsple Y g ¥ IS5 10 )00 d)LOT sasls bl p
5yl sl Y ¢35 5l GPM ECMWF PERSIANN (¢l
2 RMSE (asli alj; (olide p3 it 13y08 0 &lig) (551

3800000° 1

7500007+

3650000+

Sult Lake Watcrshed 5 43007

800000° 7+

i (o ]y g S g (W8I 10 .yl I ] (S 1)1 9 Sy gt (01K | CunzBgo 181 - JSS
Figure 1- A: Location of synoptic and rain gauge stations in Lorestan province. B: Selected synoptic and rain gauge stations
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Figure 2- Calculation of statistical indicators of satellite products on a daily scale
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Table 2- Comparison of average statistical indicators of satellite products on a daily scale
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Figure 3- Calculation of statistical indicators of satellite products on a monthly scale
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Table 3- Comparison of average statistical indicators of satellite products on a monthly scale
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Figure 5- Calculation of statistical indicators of satellite products on an annual scale
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Table 4- Comparison of average statistical indicators of satellite products on an annual scale
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