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ARTICLE INFO ABSTRACT

. . Remote sensing, as a powerful tool in meteorology, is able to cover the gaps in
Article type: ground measurements and provide a uniform platform for spatial analysis.
Research Paper However, due to the different results obtained from the accuracy and performance
of sensors in different regions, it is necessary to evaluate and validate their products
in each region independently. This study, therefore, aims to evaluate the

Article history performance of the satellite precipitation products (SPPs) of PERSIANN, GPM,
) ERAS5, and TRMM in a daily rainfall scale over the Razavi Khorasan Province,
Received: 01 May 2023 against the ground observations collected from the 19 rain gauges. In this regard,

N 113,880 images were called to extract daily rainfall data from the above four
Revised: 01 July 2023 databases. To evaluate the SPPs, statistical indices including correlation coefficient
Accepted: 08 July 2023 (CC), root mean square of the errors (RMSE), and percentage of bias (PBias), Kline
. . Gupta Efficiency (KGE), and Agreement Index (d) were used. Moreover, POD,
Published online: 02 August 2023 {FAR, and CSI classification indices were used to evaluate the accuracy of the data
presented in the indication of days with rainfall events. The climate effect was also
investigated by incorporating the change in latitude. Our results revealed better
performance for the ERAS dataset with 0.2< CC < 0.68, 2< RMSE < 3.7, and its
performance indicators have KGE > 0.26 and d > 0.68. Regarding classification
indices, ERA5 has POD and CSI higher than 0.68 and 0.3, respectively, and TRMM
has relative superiority only in the FAR index. At the level of the studied area, the
index analysis shows the better performance of the ERA5 database compared to
other studied data. Based on the results of this research, the increase in elevation has

Keywords: improved some statistical indicators in some products, whereas, in some other

cases, changes in elevation have a negative effect on the accuracy. In general, the
Agreement index, Daily ERAS5 database at the point and regional scale are evaluated to have a more
precipitation, GEE, KGE, Remote iappropriate performance in estimating daily precipitation data, and its data can be
Sensing. used in meteorological and hydrological analysis.
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EXTENDED ABSTRACT

Introduction: Rainfall, due to its quantitative changes and temporal and spatial distribution, affects the climatic
characteristics of each region. It is considered one of the most important climatic elements. All over the world,
ground stations are the most important tools for measuring precipitation. Despite the high accuracy of rainfall
measurement by ground stations, there are some problems associated with them. Although radars have solved
some of these defects in rainfall measurement, they require special and expensive facilities. Today, a new horizon
has been opened in the field of receiving meteorological information and processing information through remote
sensing. Telemetry, as an effective and powerful tool, has reduced the problems and bottlenecks in terrestrial
measurement methods and eliminated them to a great extent. The different results obtained from the accuracy and
performance of remote sensing data, in the corner and on the side of the world, require that the validation of their
products to evaluate the accuracy and performance should be done independently in each region.

Methodology: In this research, the daily rainfall data of 19 recording rain gauges operating under the Ministry
of Energy have been used against the daily rainfall values of PERSIANN, GPM, ERA5, and TRMM for three
normal, dry, and wet years. In this research, various statistical criteria were used to evaluate and compare the
products provided by the databases with the daily rainfall values of ground stations. Pearson's correlation
coefficient (CC) was used to show the degree of correlation. The root mean square of the errors (RMSE) was
also used to evaluate the amount of error in the satellite data set. The KGE statistic was used to check the
accuracy of the estimation of the satellite data with the rainfall time series of the rain gauge stations. The
percentage of bias (PBias) was used to evaluate the tendency of the gauges to overestimate or underestimate the
amount of precipitation, and the agreement index (d) was used to evaluate the accuracy of the estimation of
products provided by satellites. Finally, Taylor's diagram was used to identify the best database that provides
daily precipitation. Also, POD, FAR, and CSI classification criteria were used to evaluate the ability to detect
precipitation by databases.

Results and Discussion: This research showed that on a daily scale, the evaluated data provide different results,
although they have differences in terms of temporal and spatial resolution. The GPM meter, despite benefiting
from more sophisticated technology and increased spatial and temporal resolution has a weaker performance
than the other products on a daily scale, and ERA5 as a database has an acceptable accuracy. The source of the
difference in the products accuracy can be the non-use of the same ground stations in the production of the
gridded precipitation maps used in the correction pattern of the estimated model data, as well as the
incompatibility of the spatial scale between the gridded maps of the ground station precipitation and the
products produced from other sources. There are some things that can be pointed out, the influence of the
precipitation changes, from east to west and from south to north in the studied area, on the statistical indicators,
performance and classification of the evaluated data is quite noticeable and should be considered as an
important factor in statistical analysis.

Conclusion: This study has provided a comprehensive assessment of TRMM, GPM, ERA5, and PERSIANN
daily rainfall in Razavi Khorasan Province against 19 recording rain gauges belonging to the Ministry of Energy
for three wet, dry, and average years. The changes in the statistical values of the central indicators, performance,
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and classification were analyzed for all four products, and the effects of altitude on SPPs were evaluated. The
main conclusions are outlined below:

- The values of the statistical indicators for the evaluated data have relative changes in the location of the
stations, but overall, ERA5 and TRMM have better performance than other gauges and databases.

- The average and results of daily rainfall statistical indicators at the level of the studied area indicate the
accuracy and more suitable performance of ERA5 and TRMM.

- The performance of the evaluated products was different against the change in altitude so that some products
have good performance in lowland areas and some others approach the optimal values with increasing altitude.

- Due to the proper performance of ERAS in Razavi Khorasan Province, it is recommended to use the daily
rainfall values of this database to conduct studies in which real-time is less important.
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Figure 1- Average precipitation map of Razavi Khorasan Province (1990-2020) and spatial distribution of automatic
rain gauge stations of the Ministry of Energy
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Table 1 - Specifications of the automatic rain gauge stations of the Ministry of Energy used in the research
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Table 2- Statistical indicators used in the evaluation and performance of daily rainfall values
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Table 3- Classification indices used for daily rainfall values

g Hldde Ol del Joly asleo oyl
FOD -
1 [0,1] ly g H+M (N
FAR = ——
0 [0,1] ey e H+F ©)
H 1
C5I = =
0 [0,1] dolg g H+M+F 1-:’..1.R+1-;‘ on 1 (9)

b olgy M Dad o olwlid ylojon jabds olgale o ziuw )b laws a8 Canl (L)L slaygy H ¥ Jods 53 oud &)l &¥osleo o
duobro .l M (8o gy a5 I F 5 20d b (olwlid ojlanle lawss Lol g 0 00l ausedd gyl bwgs a5 !
ol Sl @ ag b agyepl 5l ghb onss b olpen (slaey Lasis ly ailio] K Gy 4 diols §ob (sla yasls
59y 0 yedee /Y Glade jlas 5l plpls witwe wliy, Sloy SSar gl odizvaw 5 g )bl oad A1 slaodly ¢ yimgis
Sl 35y 31 )9S ulidlgn plojls bawg o sy (olsl bl ol ad 4B L5 )3 (5 8y e sl il lgiea,

geainb 9 (55lof (s sl o)l

ol bul s3ga2e 3> PERSIANNg TRMM, GPM, ERAS Lo 3l wdly oL oy <ol 9 obj)l cdunlie jglaiods
53,8 g (5 bl gyt i

<!y PERSIANN 4 ERA5 o3> 5oL 93 g GPM TRMM oo ¢35 0a Adgi &V guame 3,80es ¢ (65lol (slo yasli polie
ool el ond odly Sl ¥ SS 0 b et bl Gl g odd Sl Jods o Slalllas 039y #Bly Ol gyl oK) VA
Oszpd 931 51,8 oud &l Y gzl I YL oKius] adS” 0 ERAS 00l oS0l Siisads o i ccaily jlobl les o ol
doyd doolKius! oles ;0 .l Hlayss p Jlade oy 530S I ERAS alje)y (i)l Jaase sly bolKiw) 4JS 4o L.:)m RMSE ,slie
oW g5 1y Cuse (pScus e ERAS (slaodly 5 039 jlade oy y5wS PERSIANN 4 GPM (slacsls (Pbias) (s, g
Jyame (655 5 olis deoliw] den ;5 0ads Wed GY suaxe aldS” (gl (d) 38l5 9 KGE 5,Sles (slajadli w)ypm sl 03l
2, ERA5 s TRMM


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.6.4
http://jircsa.ir/article-1-505-fa.html

A} -.PERSIANN g GPM (ERA5 (TRMM &l 59, (wi,b p3lie Cd> bj,

305 oWwlyd bl 45 281y gy 59 LS (2wl yU (0! Joxo 43 3,5t g (5 bl B ad i yalie —£ Jous
Table 4- Values of statistical indicators and performance at the location of stability rain gauge stations of the
Ministry of Energy located in Razavi Khorasan Province
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Figure 2- Changes in the values of statistical indicators and daily rainfall performance of rain gauge stations in

the study area
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Table 5- Classification indices at the location of stability rain gauge stations of the Ministry of Energy located

in Razavi Khorasan Province
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Figure 3- Changes in the values of daily rainfall classification indices of the stability rain gauge stations of the
studied area

9 ERA5 GPM TRMM Ly osd &) o¥game (cavdib ¢ (63,5ee (gylol slaasls obs)l § awlio clp
B 0.08 p (CC) (Stuod o i lyuss ately F JS5 @ a9 b ool o 4 oslizwl Box-Whisker p,5L> 5 PERSIANN
sl ERAS Joamo 4 bgrye ol 5 iw 9 GPM g PERSIANN (claosls 45 bgyyo ( Ssuwsed (p S «uwl yuiio 0.68
Copd cpl d)lse Joyd B 3l i 33 5 009 /Y 3l 5 i (S oy oK) o yd YO 10 03l sOL ) (sl a5 gysboas
slodly & bgryo ol cpob do 48 (gysbas wunl yuite jgy 50 yio oo /YO B V/AY yy RMSE @l aiels .ol +/0 51 5YL
&S Cé S amd g e 630 slapadls b 4 are byl olasl TRMM (claosls 4 o (YL ),S 3 PERSIANN
Y1V 5 5eS 0dls o SSL ol )0 RMSE [lude diolSiww] duo s YO 3 oS slaisS ey canl odly lis 095 1 (5 ywlio 5 Slos ERAS
39l Liar 9 039 Cute ERAS by danolSius] 48 Ly, (Pbias) CpSow doyd & JSb & dog b .l gy ,d yto o
5 GPM & bgpyo (5559w w0y cniibet 5 02 inS 83e oLt 1) (oBly polie & Cond gl (2015 GPM & )50 5 )
d)lge o pd B+ 3l Liw 3 55 PERSIANN § TRMM & cunl Jls )3 ol ccnl 2o pd YEIY g =54 /Y 5o & cui 54 ERAD
@39 yao Jo> (55w 35y syl PERSIANN g TRMM oo ¢ (gl Pbias polie s cote gpScas sy
ool 5l aopd 0+ 45wl s by <0 B —+/A oiL > KGE 5 Slas (2dls aiws (s pcuwbo 3)Sae b oplply
aljay b omesd 53 b 3)Slas 51 Sbj)l 5j90 SV same plo b dwslie jd &S sl /Y I i KGE (4l)l> ERAS
O ol ol F USS) cul ol adgr o b Jae 3 Slas Cunsg (asuld gl el 1 S (S 38l adls el Hlbyss p
5039 GPM (claosls & bgsye )] jlade 50 el puito ¢ b)) 3590 Jguame Hlon bawgs o i slaodld (gly +/VS b +/NF
3y (a3ls ¢y ERAS Luwg oad Wy (claodls dolKins] doy> e 5> .l ERAS (slaodly & laio )] Jlade oy 5 i
Gl H13)58 0 (s ogllae 3 Slas I ERASL Lawgs o Jho &Y pame cus (pl 5l g Conl +/50 51 i
1> PERSIANN ERA5 (GPM TRMM Luusgi 01 4l &Y guases 3,8kas cymesd (sl (ot (slopasls (clolages
(i)l 050 Jyaze oz Sk 9y (POD) paeis Jlois! clyss aialy .canl oad Sl ¥ JS3 55 ()b L oo slajg) aseds
ERAS daslSiw! jl (sou 53 .cawl ERAS g TRMM & Gslxiio o sy (a3l cpl cp Vb g (ol &5 &S o guais </A L /Y (0
A Coud F3gioe Olpuss dleld 4 a>g5 L PERSIANN wlodgy SIib 5oy et 4 0B sopd FA Jlisl L PERSIANN
Sl 5515 5 Jilis e it slasles %05 (Se (FAR) olidl Jati Comd b o (55 oopad (ol 3 ERAB
B &Sl deg b ol olai! PERSIANN s TRMM & o ga &S canlpiiio </AYE «IVF o (a8l ol (ol Ol s
ol ¢ botiomiw plo 4 Cows TRMM plpls citan +/0 51 508 Jlein b ol jliis cuns ()l TRMM daolKits| 2oy
e Cudden (asls pl pogMe .l 48 )5 51,8 TRMM 5l sy ERAS g 0343 50555 10 (ogad pl)d (gt o 2)Sas 3l 0al>
4 4355 | . ERAB s PERSIANN & by yo ity o o yiisias 5 cninS 453 e +/FY b +/\Y 1y dmelSiag] gl (CSI)
5l Liw ERAS (ly (a3li ool ¢ byl 5)90 (loolSims] doys B+ (gl CSI) Slyow cusibge adls I osel caunsay ()lal polio

392 31y55 1 (o S50 J) b5l 390 Y guame plis b Aunlio ) 405 290 <YV

(a8)


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.6.4
http://jircsa.ir/article-1-505-fa.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1402.11.2.6.4 ]

(VEY ) als oY o)led) oyl 58T ol salolw A€
1.0 Optimal Value 45 80
(b1) (b2) (b3)
0.9 4 60
< 08 35 T 20
£ 07 =
g g, S R === g o ]
v A ~ T —
8 P E 25 E TJ Z2 0 X = ¢
g “ ?EJ " = ) l Optimal Value
Z 04 2 & 2
< 2 15
£ 03 Lt 40
g 0.2 e 1
BeIR -60
0.1 05
80
0.0 () oo o Optimal Value .cvvemmanmmm=
5 [ PERSIANN
DO TRMM [ GPM [ ERAS [ PERSIANN CITRMM O GPM [ ERAS [ PERSIANN CTRMM O GPM [ ERAS [ PERS
1 Optimal Value 1 Optimal Valug  —ecmmmemann 1 remmmmeaena: Optimal Value ===========
0.8 (b4d) o9 (b5) 0.9 (b6)
0.6 0.8 0.8 "
0.4 0.7 0.7
0.2 % 0.6 0.6
8 =S 3
g 0 L $ © 05 8 05
0.2 0.4 0.4
0.4 03 03
06 0.2 ' 0.2
0.8 0.1 0.1
1 0 0
O TRMM O GPM [ ERAS [ PERSIANN O TRMM [ GPM [ ERAS [ PERSIANN CITRMM O GPM [IERAS [ PERSIANN
0.8 (b7) B Optimal Value =======m=====
08 0.9 ( b8 )
07 0.8
hs 0.7
05 "
& 2 05
“ 04
0.4
03 03
0.2 0.2
0.1 0.1
| i, VR Optimal Value ceveccccanee. 0

O TRMM O GPM [JERAS [ PERSIANN

O TRMM O GPM [ ERAS [ PERSIANN

Wlje) (SN Sakadb 93 Shos g lol S ad LS Sy STl yl3g900 € JSWS
Figure 4 - Box-Whisker diagram of statistical indicators, performance and classification of daily rainfall
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Figure 6— Changes in statistical indicators and daily rainfall performance of satellites and height gauges in the studied area
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