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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
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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
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Figure 4 - Box-Whisker diagram of statistical indicators, performance and classification of daily rainfall

! o 33 (53i0ab 9 (5,lof (Sl ad LS bavgie (b
5 ERA5 GPM TRMM &Y game (o)) 5 adllas 3)90 039050 grhausys 6yl (sl s ls ol yueis Lawsio 4 sl jglatod
$ Jgds > g Ao odlitul 3yg0 oKius] VA (sl (canaib 5 (gyll sla et ls ke (oo, Gl liwl > PERSIANN
RMSE 5 +/0 (Siusen <oy LERAS c¥gase 550, plulp il daw 53 lawgio jsboas & JS5 4 4295 b 0 o)
(Pbias) (s sySow Sl 5l sl Dbyl 3)90 Vg Gl > e s 3Sdes LS gy > e e YA Sl
Wby sl sl lawgie Wlodly L 565 31 ) (s pcanlio 5)Slae «dlos] woyd =Y/¥ 4 Y/¥ L i 5a TRMM 4 PERSIANN
el asls olis Lawgio 35 g9y plolys ool pdaw 45 0305 A 5 ERAS 5 Slac 5y 5 oUis d 5 KGE 5,8las o

5 0391 (CSI) il Cuddge adli o (POD) Lasuis Jlisl ;s ERAS g5y sbsS «gady sl bl mow o sanadb
ol azsly 1y olodl jlaia cos oy 5eS TRMM jlas wdly o5l e

ol polie Jldllas edga0te paw 10 lawgio jabods Wilgis aS 0ald oBGL b g odiotinn ity (i (glp 358 (slrjlixe y 0gMe
Sculie 3,8les buwgia bty ERAS o3l oSl 48 oy ojlis poda & JSb .0 odlil 55 50l 1,5 51 csles 3,9 1 ailjg,


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

[ Downloaded from jircsa.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24235970.1402.11.2.6.4 ]

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

& oke yda (505 {CC) (Kwod o pd (5L ) 1j el asly ailjg) () @) 3 (2bj)l)90 (sloosls plo ay cos
sl Slanlie gloodls 4 Su35 (STDV) (gykno Cblyo0l cyuizod 5 (RMSE) lallas

$955 Olwlp sl s )3 4l 3l Al 9 3,80es «(5lol glapad L y13lie buwgio =1 Jao
Table 6- Average values of statistical indicators, performance and classification of daily rainfall in Razavi Khorasan

Province
Csli FAR POD D KGE RMSE (mm) Pbias (%) CcC 2313 o5 b/ oiowius
0.3 05 0.4 0.5 0.2 34 3.4 03 TRMM
0.2 0.7 0.6 03 0.0 2.9 282 02 GPM
03 0.6 0.7 0.6 0.2 28 296 05 ERAS
0.2 0.8 0.7 03 0.1 3.0 2.4 02  PERSIANN

+ Data observation
Cop 1TRMM
"ol 2 GPM
oy
Og ”r;{w 3 PERSIANN
Z
°'%q“ A—EM :MSE
e STDV Data Obser..

04 08 12 16 20 24 28 32 36
Standard Deviation (STDV)

(1) ;oh @1,5U5g (1) andllae 590 8390 gedans yd (55 lof (Sld yad LG lawgio o puais —0 S
Figure 5- Average changes of statistical indicators at the level of the studied area (1) &Taylor Diagram (I1)

EW5 1 L aalaiu! 3590 (s031> 3 ) Slos b ;)]

23 5] e b gl g 5 Slos (g)lol (slapadls Sl g s g Shmgfy ol 3 edlatsl 390 Y same ) pskatos,
olSiy] lis) Slyuis arels (028 b AL (clologes & JS5) 05 Sy el by 5 Loyt & pldl caslllas 3,50 03900
o J (glosas 15 Loyii o ool (G555 gl S i 5 0392 Ly daw J) e VAT B YVY (il 390 gt
) oS ERAB Ll 4y aily Ltals glis)) [aalidl b« gasee 48 )3 (CC) | Samads gy i3 o sy |y 03900 (3
Lol sl yiol58l celasyl mal3dl b e objyl 5590 (slolKim!) plos )3 RMSE (d4 b d1 jlyges) cusl glas)) aolisl b iliél s,
i3l b Y game pled )3 (PDIas) (¢S gw duoyd (A8 1 d5 |l3ges) cuwl &Y guamo pl j 5aiS ERAB (claosls j3 Kinl
b d9 Jlage) 39 o S35 e Jlie & (gpS e cnl €] SRl L ERAS )3 Ll a5 alols (jao) iy e I el
o) ) ERAS Ll acsls o3 (ebis, £lisy) Lialbl b c¥gamo dod cly adllas 3y90 03900 praws 3 ((d) 38l adls .(d12
Shb oy paswds Jlisl (d16 B d13 jhges) cuwl atslis jisled 4 068 3l (yipe 2Sas glasyl (il L g 039y (ks 0acl
5wl Ll gyl Lil3) L ERAS, TRMM (gl Ll 5,5 _ialS s355) PERSIANN 4 GPM 3 glis) 1531 | (POD)
Cand S5 L9, (020 b A17 Jog03) 3,5 oo &9 TRMM & s S Sinl b ERAS 15 talsél ol kS o Jas i
Glp gy opl Lol dad 0 S35 (Hao) dine Jlde 4y glasyl (il b« Y gz plad o gla)l ply 5 (FAR) olasl jlaia
doute 33 (90 L glasyl Liuli8l 55 (CSI) Jlou cuidge (adls b alaly )> .(d24 b d20 ,lees) cul opple e ERAS
Al o pials s ls ol e glasyl (i3l L ERAS 45 Lol cusl 63505 dbou] oY guae alS 13 jedld ol 5 Shes

! Standard Deviation


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

[ Downloaded from jircsa.ir on 2025-12-08 ]

(VEY ) als oY o)led) oyl 58T ol salolw

an

TRMM GPM ERAS PERSIANN
+ +
200 LA 11 L (d2) 4+ (d3) + (d4)
4+
— 1500 t. o4 + 4 + + T+ 4 + 1
3 ek Ty i + e gy F
< + ﬂﬁ-; _______ + +F s T +--_; #Y A +1“"* hhhhhh
S 000 + T + + + k2
[}
H
E“ 500 + + + +
+ + + +
0
0 02 04 04 05 0.5 025 035 0 02 04 05 08 ¢ 01 02 03 04
correlation coefficient correlation coefficient correlation coefficient correlation coefficient
2000
oy () + 4 (ds) R G e
1500 ot + + oL+ + o+
- T F-y £ + + - + 1t
£ + e + e
H ¢ b e s i il
5 100 e + &4 I + e LA
K]
w
so0 |+ + + +
+ + + +
0
2 25 3 35 4 45 32 2.5 3 35 4 45 15 2 2.5 3 35 4 15 2 2.5 3 3.5 4 4.5
RMSE(mm/day) RMSE(mm/day) RMSE({mm/day) RMSE({mm/day)
e + (d9) t (d10 ¥ (d11) + (d12)
2 %, S :
= . + 4+ NG )
1500 + + ¥, —| e vy
- G, ¥ + +"'._ NN ¥ B ¢ 2 | ~"+
E b T LS Ty + i T ™l
§ 1000 |ty + “\f_ + + o4 oy
5 ~
T 5 + #: A +
+ + i +
0
s 40 20 o0 220 g 8 6 40 20 0 50 0 0 0 g6 40 20 o 20 4
Phias(%) Pbias(%) Pbias(%) Pbias(%)
2000
+ + d14 +  (d15) +
' (d13) (d24) n ' (d16)
- + + +
Sow [t -I:|_+ . wt + Yty o o
N bt e, T + L Froey 1
T g AT T— ¥yt I P e S
3 100 vt . Fa- - ooy + et
g
L]
s + + + +
+ + + +
0
02 03 04 05 06 0701 02 03 04 0503 D4 05 05 07 08 O 02 03 o 85
d d d d

[ DOR: 20.1001.1.24235970.1402.11.2.6.4 ]

axlllas 550 039450 )3 ELT,I U sosiomius g o,ladle oY guaze ailjg, (S )b 3,5des 5 (5 ko] (sl yad L Ol pitd —T USG5
Figure 6— Changes in statistical indicators and daily rainfall performance of satellites and height gauges in the studied area
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