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ABSTRACT

Background and Purpose: Indirect measurement of precipitation through remote sensing
is a practical way to achieve a comprehensive estimate of precipitation and to better
understand the phenomenon of precipitation and its effective parameters in a wide spatial
area with high spatial and temporal resolution. On the other hand, in satellite precipitation
products, due to the use of different algorithms and correction methods by using ground
rain gauge observations, there is a need to check the accuracy of these satellite precipitation
products in different parts of the globe. Two satellite precipitation products with high and
accurate temporal and spatial resolution in the new era are: 1-GPM-IMERGE precipitation
product with a spatial resolution of 0.1 degrees and a temporal resolution of 0.5 hours,
which is presented in three versions. 2- GPM-GSMAP rainfall product with a spatial
resolution of 0.1 degrees and a time resolution of 1 hour, which this satellite rainfall product
often provides in three versions. Most of the researches comparing the GSMAP and
IMERGE products have compared these two products on a daily and larger time scale, and
there are rare studies on an hourly scale. The purpose of this study is two research satellite
precipitation products GPM-IMERG_F and GPM-GSMaP_G on a 6-hour scale (sub-
daily) in East Azarbaijan province. Considering the lack of a dense rain gauge network in
the region, along with the environmental disaster of drought in Lake Urmia, and the
importance of rainfall information as a primary data in most water studies, it is necessary
to move towards the use of satellite data to estimate rainfall in different areas; Therefore,
it is necessary to evaluate the accuracy of these satellite precipitation products in the study
area.

Materials and Methods: In this research, to evaluate the detection capability of satellite
precipitation products, seven binary matching criteria including: probability of detection
(POD), critical success index (CSI), false alarm ratio (FAR), Hick skill score index (HSS),
bias frequency index (FBI), The correct ratio (PC) and the statistical index of true skill
(TSS) and for the quantitative analysis of the accuracy of satellite precipitation products
from six statistical indices including regression coefficient (R), root mean square error
(RMSE), three bias indices (MBias, RBias, Bias) and the mean absolute error (MAE) index
is used. Also, from the analysis of the Taylor diagram and the comparison of the spatial
patterns of precipitation and the probability density curve of cumulative 6-hour
precipitation and the performance of satellite precipitation products in terms of topography
and altitude have been compared.

Results: Despite the more accurate spatial and temporal resolution of both precipitation
products, they still present a significant bias in some stations. Based on the Taylor diagram
analysis, in all stations, the point corresponding to the IMERG _F satellite was closer to the
observed point, and as a result, the IMERG _F product is better than the GSMaP_G
product. Although both products had relatively similar spatial patterns in terms of statistical
and binary indices, the GPM-IMERG_F product had much better accuracy and detection
capability than the GPM-GSMaP_G product, so that the GPM-IMERG_F product has a
cumulative probability density curve very close to the ground synoptic stations in terms of
topography and altitude.

Conclusion: GSMaP_G product has the best performance in the region. Compared to
station observations, the IMERG_F product is underestimated, while the GSMaP_G
product is overestimated. Compared to GSMaP_G, the IMERG _F product can better
reproduce the 6-hour rainfall intensity PDF. In the 1 region, the highest frequency of 6-hour
rainfall occurs in the range of 0-0.1 mm and 5-10 mm in 6 hours, and the lowest frequency
of rainfall occurs in the rainfall intensity of more than 20 mm in 6 hours. The IMERG_F
product agrees well with the station observations in terms of frequency, when the rainfall
intensity is greater than 1 mm in 6 hours. This study will be valuable to algorithm
developers of these products as well as users of these products and can help in applications
such as natural disaster risk reduction and hydrological modeling, especially in areas with
a sparse rain gauge network.
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Jolfa 2.03 1.30 4.16 3.02 31593  201.81 2.48 1.51 4.24 3.70 0.50 0.77
Ahar 0.63 0.19 1.84 1.25 84.35 25.13 1.31 0.72 2.67 1.16 0.35 0.68
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Malekan 1.27 0.09 3 1.14 199.64 13.97 1.92 1.14 3.51 1.76 0.15 0.13
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name GSMAP IMERG GSMAP IMERG GSMAP IMERG GSMAP IMERG GSMAP IMERG GSMAP IMERG GSMAP IMERG
Jolfa 0.71 0.79 041 0.31 048 0.58 0.38 0.55 0.69 0.77 121 141 0.37 0.53
Ahar 0.44 0.75 0.5 043 0.3 0.48 0.07 0.28 0.54 0.63 0.88 131 0.07 0.27
Tabriz 0.75 0.75 0.25 0.33 0.6 0.55 0.54 043 0.77 0.71 1 1.13 0.54 043
Sahand 0.85 0.69 0.35 047 0.58 043 0.57 0.33 0.77 0.66 131 131 0.54 0.31
Sarab 0.82 045 0.53 0.69 043 0.23 040 0 0.66 0.51 1.73 145 0.34 0
Kalibar 0.69 0.88 0.35 0.46 0.5 0.5 0.37 0.24 0.69 0.6 1.06 1.63 0.37 0.23
Maragheh 0.53 0.65 0.53 0.39 0.33 046 -0.03 0.26 0.49 0.63 1.12 1.06 -0.03 0.26
Mianeh 0.86 0.71 0.48 0.44 0.48 045 0.33 0.33 0.63 0.66 1.64 1.29 0.3 0.32
Marand 0.6 0.6 0.68 0.68 0.26 0.26 0.08 0.08 0.51 0.51 1.90 1.90 0.06 0.06
Varzeqan 0.62 0.67 0.24 0.26 0.52 0.54 0.33 0.31 0.66 0.66 0.81 0.90 0.32 0.30
Shabestar 0.75 0.81 0.33 0.24 0.55 0.65 043 0.6 0.71 0.8 1.13 1.06 043 0.60
Heris 0.54 0.46 0.56 0.67 0.32 0.24 0.13 -0.08 0.57 0.46 123 138 0.12 -0.08
Tabriz
0.71 0.79 0.33 0.39 0.53 0.52 0.48 045 0.74 0.71 1.07 1.29 047 043
(Sharq)
Ajabshir 0.55 0.55 0.54 045 0.33 0.38 0.25 0.34 0.66 0.71 1.18 1 0.24 0.34
Bonab 043 0.29 0.83 0.88 0.14 0.10 -0.11 -0.21 0.46 0.46 2.57 229 -0.07 -0.14
Bostanabad 0.64 091 046 0.57 041 042 0.39 0.37 0.71 0.6 1.18 2.09 0.37 0.28
QareAghaj 0.50 0.72 0.50 0.32 0.33 0.54 -0.03 0.37 0.49 0.69 1 1.06 -0.03 0.37
Malekan 045 0.36 0.71 0.75 0.22 0.17 -0.05 -0.14 049 049 1.55 145 -0.04 -0.12

Ol GIS g 590 5 homiow &g ol
VE 0l o) o)les VA Jlo

AA



SN B

.. GPM-GSMAP_G (V04) &cluss sl lsale 3,k Jgame 55 2b)|

35 —
310 |
< <
5 § 25 2
s H g
2 Bl | 8
S =AY B
3 8 k]
2 5 us - &
a @
110 —
ois —| i v %
2 . I
B o He— £ g ha
o sk I | — 4 on T T T [Synogtic Tabbriz |
Synoptic_Jolfa 4 T C G
A Standard Deviation
andard Deviation
o o2
(&2 T—.__ oa
st
2 5
s =
3 210 — 3
& 8
3 5
: k-
? &
| | hogie]l o
Syr.i‘opuc éahand l i .‘, Sé/hoplic Sarab
5 5 & s & 8 § § 8§
Standard Deviation Standard Deviation Standard Deviation
s s ]
2 £ 24
> k- I3
8 8 g
: z s
g H H
5 & &
5 ] .
\
T |
0 T 1 1 i - 1 1
S5 T T — - v |
Syndptic Mardgheh | P L 1 Sénopnc_r\g\aneh
g g 5 H B ;
Standard Deviation ‘Standard Deviation Standard Deviation
076
3
@GSMAF_ Varzigan - B — -
g @GPM_Varzégan ™ £ -~ ~ ®SSMAP_Shabestar 2
3 %, H . 2 g
a2 2 3 &
B ® 2
¥ £ §
5 s 3
2 0195 i @
0199 0/99
| L
0 L s s 1 - ! 4
T Shoplo Yaredaag, T L 4 LA synoptic_thabestar s g 3z g o g
Standard Deviation Standard Deviation Standard Deviation
06
R - S S
. . N
- @GSMAP_Tabriz, (Shara) "\, %’o
§ 25 § L = SR LY
5 3 7
é 210 o3
: i
5 15
& =3
10
1
ors ..
¥ %, o
010 - T T ¥ FA | | } -
Y o erlieBela [T /0 T ™ Synbrtie Aagank 1 1 Reférence |
g8 &8 3 & 8 8 8 g g2 =z 2z &g g
Standard Deviation

Standard Deviation

Standard Deviation

Sy g SL0lKs] glodnlive Arelu i ()b Bolo b anlin jo el il glojlgale (o)l Joamme g0 Cudse ¥ JS

Ol GIS g 599 31 Shomiow & pies
VED e o) oyles A Lo

A4



Sode B .. GPM-GSMAP_G (V04) &cluss sl lsale 3,k Jgame 55 2b)|

40
36
-
£ g -
e e 2 25 —
g - £
H H £
® 2 B 200 —
5 5
& o SN a 3"5*,“\)“.’ %
% = 1 GPM lekan
// @SPY Bostanabig- -~ | e
3 N e : 3%
s s b! v
W ' P \
e T s L wrioguclairekghal ! O L Sert g
g€ 8 & = 5 g 8 s 5 8 & 8 3 & 3 & B
‘Standard Deviation Standard Deviation Standard Deviation
a s
¥ dlsl
o7 3 o/85
e Lt uscatap. N o - o8 —+—PC-GSMAP —+—PCIMERG
o/s 0/75
o/a 2 /7
o/65
0/3 1/5 = /
0/2 0/6
o 1 0/55
o/s
[ ofs —&— FBI-GSMAP —+—FBIMERG o/as
-0/1 650 850 1050 12! 1450 1650 1850 0 o/a
-0/2 650 850 1050 1250 1450 1650 1850 650 850 1050 1250 1450 1650 1850
o7 1 o7
0/6 0/9 ofs
o/s o/8 o/s
o/a
/7
0/3 /6 o/a
[J
o/2 / i 0/3
/s
o/1 V o2
0 o/a j
o/1
Agﬁssu 850 1050 1450 1650 1850 o3 - pob-asNiRP —sLboB G , ~—CSLGSMAP  ——CSHMERG
K 0/2
-0/3 —$=TSS-GSMAP —+=T55IMERG 650 850 1050 1250 1450 1650 1850 b L L
1
o/8
o/6
o/a
0/2
—+—FAR-GSMAP  —+FARIMERG
0
650 850 1050 1250 1450 1650 1850
29990 sl azls bl elis)l o 5L Jgame g0 o Slas .F JSCo
400 2/ §
250 —+—RBias-GSMAP —+— RBias-IMERG —-Bias-GSMAP  — BiasIMERG .
300 z
250 1/5 4
200
3
150 *
100 o/s 2 \/f
s0
o Sy 0 f L/\ 1
0650 0 1050 1250 L 1430~ 1630 1850 opfl 20 00 A0 [0 01550 150 0 o~ RMSE-GSMAP ~4~ RMSEIMERG
-100 A 650 850 1050 1250 1450 1650 1850
1 " CPT mE e B o~ MBias-GSMAP - MBias-IMERG 3/5
3 —+ MAE-GSMAP i~ MAE-IMERG
0/8 4
2/5
of6 4 5
us 2 s P
o . /L//‘\ 1
N 0/5
0 0
-0/2 650 850 1050 1250 1450 1650 1850 650 850 1050 1250 1450 1650 1850

Lg)Lo—‘ ‘_ngua}Lu uul.w‘;.: ‘6&")1 B LSM")L’ J?M 9o .))il.«ﬁ .O ‘N

Ol GIS g 599 31 Shomiow & pies
VED e o) oyles A Lo
q.



S9N (&

.. GPM-GSMAP_G (V04) &iclunss sl lsale i ,b Jpame 55 b))

S 29395 y0 WY guamo & Slos cwy o —F-Y
i 4 g @bl glaasls S mse
A8 S8 Sedgyune sleo S o Uas Lacl
Jyame 53 9,508 «s)lel laasls S a9
oald L ¥V S jo candllas 0490 dilais (o slolgale
sblio LSLm}f’” J}.a:bo 9o LS’&A O)S.Lo& NG IR
dilate Jlod 5 sz 50 YU polie b o sgolive Lis
oyl leesls L IMERG F Jgaxe ax 51 .05l
L GSMaP_G Jgazs jsb e g 25! Slals
!l 00l ] gsﬁbli».w." &lye, ooyb leosls

=

o dslllas 0j50 bl ;i o lixes
Lol 7Y+ dg0> a5 (5 5y 3,105 0929 (5 i

slass RMSE Llassl adls 70+ 5 o 1oy
sk ¥l S o] o lade ol a5 olaslKiin]
s9a> IMERG_F Jgaze ;0 ol 51 b gobus b
1YY 599> GSMaP_G Jgame 3,40,0 Ll cenl YV,

o oo oS |y olSwg! JS slass

40 Synoptic
30

20

Jlois!

10

<0/1 0/1-1 1-2

b Syl wal (PDF) Jloo! JK> b -0-Y
S5 b 5 e Jo! g & JSS o
Jeams 90 b annlie ;o oSy slrools Lo
(5"5‘)3 s ] 0l ools ul.m.a leo)b.mLo LS"“")L’
O b faidhee <1V =) G55 slaslaggy o 5L
adgish 0 GSMAP Jgame a5 oo 7, (Celo
s 63,8kee ¢ 3,b 2L, saslayg, PDF muo
>y olidlay g o)l IMERG Jeaxe 5| Scaws
Shlme glolyg, dpwea 1, Shb bk,
Ol leslys; ail i e S e olubis
Vo U0 Gl i)l seednS 9 e e =YY
255 IR el Baiesdnng axgi 9590 Wb
PDF mmo oJgish 5o IMERG Jsame 3,Skos
GSMAP  Jgaze 31 jge o,L obo, sbeolyg,

o 0092

e GSMAP

2-5 5-10 10-20 >20

aielw gl g05b

1.2

1

_ 08

;3 0.6
3

0.4

0.2

0
0.1 1

Synoptic =@ GSMAP —@—|MERG

10

aselu il g5k
Sloylsale il Jaamme g0 b duglin 10 «Siygiew sbrosls Jlizl JB> mb g crezs Jloio! s f S0

Ol GIS g 599 31 Shomiow & pies
VED e o) oyles A Lo



G .. GPM-GSMAP_G (V04) &iclunss sl lsale i ,b Jpame 55 b))

s (38519 S g 5 il sleelKin] jo b Jsame 90 o .Cawl odls ools Hlas A S o axdllas
2 Ol parmedS 5o (g e useily (B0) Ry g slarls den SBe mis 0 «slojlaale D)L

35,1 ol ! (5 jeba il e LLE lacwll ((og040

Spatal diferences

s enes e o
ooy e At —
bt Vi o 1063205 !
Ha o wom & m ¢
S et © 2o ® iom
[surme surnes [suey aen

[lsuiim

‘Spatial differoncos
‘Spatial differonces

rIMERG

« omte-ons

® on9-0us

@ ous-om

lssenam

——
Tosuse

+ ot
@ 020-043
@ w0

(=L

Spataaieronces
Moias_IMERG
o os0- 1t
® .22t
@ 22.3:
s s

Spatal diferonces

Spatial diforences Rbias_MERG
Rbias_GSUAP Spatial diforonces Spatial difrences
o 25688 RMSE_GSMAP RUSE_INERG
o o130 ® sm0-1052 . 201315 o ez
[ RETRETS @ 1os3- 1535 ® w648 ® 236354
@ 250-3501 @ ssue-21 @ .5 @ 3554
[somnam [suen ane s s

(=L

axlllas 3,90 gl o ‘6‘o)|9_(bl.c Jsaza g0 6‘)‘. Lg)l.nT ‘5&&5@ G:Lio &5 v J&&

Spatal difierences

Spatal ditrences
Jp— Spatal atrencs Fan_csuaP AR MERG
coLosuar coLmERo + oze.om R
< on-om + ooz o oaoss o oo
@ 030015 @ 029-047 @ oiss-088 @ ost-om2
@ w0 @ o oss @ ossom @ onsome
[susam sutrans [sueyan (=

‘Spatal diferences
HSS_IMERG

Spatal diferonces
HSS_GSMAP

‘Spatal aiforonces.

‘Spatal diffrences
FBLIMERG

FaL GsuAP
B, < om0 138 + our--on « oneon
® 1a1-18 ® 71 ® wie-om ® onz.ons
® mozsr @ e @ ossose @ oo

Clsram (o L sunae

sy ne

‘Spata diforonces.

Spatal diffsronces Spatia iforoncos ‘Spataldifferences POD_IMERG
suap. PC_INERG POD_GSMAP o o2-ous
o056 . os 07 o o0 ® 0060

® os7-067 ® 05508 ® oss-om ® os1-0m6

@ or7-0m
s ame

@ oms.om
(=L

@ oo-0m
[suam

P—
pragin
ore.am
® o012-035
@ o000

Sptal atoroces
Tos.counP
aneon
® on3-0n4
@ oss.as

s pes

aslllas 590 dilaie ;o ((slo,lsale Jaams 90 slp 29990 s arls Sl ajer A S

Ol GIS g 599 31 Shomiow & pies
VED e o) oyles A Lo

ay



S9N (&

.. GPM-GSMAP_G (V04) &elss slo,lsnle o,k Jsame 55 b3l

Slelds )l o «sloslaale i)l Jaams 90 12 0 Slac -
318 slie Wi

&l -0

Anjum, M.N., Ding, Y., Shangguan, D., Ahmad,
L, [jaz, M.W, Farid, H.U., ... & Adnan, M.,
2018, Performance Evaluation of Latest
Integrated Multi-Satellite Retrievals for
Global Precipitation Measurement
(IMERG) over the Northern Highlands of
Pakistan, Atmospheric Research, 205, PP.
134-146, https://doi.org/10.1016/j.atmosres.
2018.02.010.

Anjum, M.N., Ahmad, I., Ding, Y., Shangguan,
D., Zaman, M., [jaz, M.W., ... & Yang, M.,
2019, Assessment of IMERG-V06
Precipitation Product over Different
Hydro-Climatic Regimes in the Tianshan
Mountains, North-Western China,
Remote Sensing, 11(19), P. 2314, https://
doi.org/10.3390/rs11192314.

Beria, H., Nanda, T., Singh Bisht, D. &
Chatterjee, C., 2017, Does the GPM
Mission Improve the Systematic Error
Component in Satellite Rainfall Estimates
over TRMM? An Evaluation at a Pan-
India Scale, Hydrology and Earth System
Sciences, 21(12), PP. 6117-6134, https://
doi.org/10.5194/hess-21-6117-2017, 2017.

Biswas, S.K. & Chandrasekar, V., 2018, Cross-
Validation of Observations between the
GPM  Dual-Frequency Precipitation
Radar and Ground Based Dual-
Polarization Radars, Remote Sensing,
10(11), P. 1773, https://doi.org/10.3390/
rs10111773.

Carr, N., Kirstetter, P.E., Hong, Y., Gourley, J.J.,
Schwaller, M., Petersen, W., ... & Xue, X.,
2015, The Influence of Surface and
Precipitation Characteristics on TRMM
Microwave Imager Rainfall Retrieval
Uncertainty, Journal of Hydrometeorology,
16(4), PP. 1596-1614, https://doi.org/
10.1175/JHM-D-14-0194.1.

Chen, S., Hong, Y., Gourley, J.J., Huffman, G.J.,
Tian, Y., Cao, Q., ... & Xue, X., 2013,
Evaluation of the Successive V6 and V7
TRMM  Multisatellite  Precipitation
Analysis over the Continental United
States, Water Resources Research, 49(12),
PP. 8174-8186, https://doi.org/10.1002/
2012WRO012795.

G Aol g Sy -F

s IMERG_F Jgazo g3 5l (onelr b)) aslllas o]

(e85 5 W SlSe 5 by S5 &8 L GSMaP_G

oS el s (ol o ¢ B, w31 il o

5395 B onle 4 Blate o5 aad 0 s 4 (4l ]

el g2 o oSsl azxe sloosls jloslaiul b g VNV

abanail 9093 Jlae Cude agh ol o

b3, sl CSI 4 FAR HSS FBI PC .TSS POD

b SVgame bug (AL pais galy

RBias MBias R (g lol ,Lxs i 3l g slojlsale

cds oS Judow slp MAE 4 RMSE Bias

el @y 5 4 lolenle 5L &Y gae

il ) TS 4 G B 6 S A

(i) 5l feS) atsloid Gloy slagubds ) -
GSMaP_G Jgame b duslis ;0 IMERG F Jgame
Slaalice b wld jo 0l dalaie o 1) 0 See oy g0
Jsame 5 swo55nS IMERG_F Jgams dnolSiny|
0,15 ST ion 55 GSMaP_G

il aolSiey] soled o sk pl,SUs b Ll o -
& bgs yo dads Candas IMERG_F 6 lgale 4 bgs e
$Soop eddodsliv dhi 4 GSMaP_G & lsale
5l Sowlis IMERG F Jgame @xii,s 5
twwl GSMaP_G Jgaes

b Gl g5 hls Jpame 55 o oSkae —
el (2999 5 55lel slajasle Ll et

Jyarwe L awlas ;0 IMERG.F Jgaxe -
oobde ;o 5L wul PDF wlgs o GSMaP_G
wibio o S adeil e 1y alyy, Sl S
Bagama 53 el b (o il IS ey
9 WS &) e Vo0 g e dre ofe-)
Vool G oud e (Sasl Glol on e
S (Sloj dgder yall celo b (b e e
elo b (b ke )l i bl ot
cisllas (iS5 L5l IMERG FJgams o]
b il Slaalio b o9

Ol GIS g 590 5 homiow &g ol
VE 0l o) o)les VA Jlo

ay



S9N (&

.. GPM-GSMAP_G (V04) &elss slo,lsnle o,k Jsame 55 b3l

Chen, G., Lan, R., Zeng, W., Pan, H. & Li, W,,
2018, Diurnal Variations of Rainfall in
Surface and Satellite Observations at the
Monsoon Coast (South China), Journal of
Climate, 31(5), PP. 1703-1724, https://doi.org/
10.1175/JCLI-D-17-0373.1.

Derin, Y. & Yilmaz, K.K., 2014, Evaluation of
Multiple Satellite-Based Precipitation
Products over Complex Topography,
Journal of Hydrometeorology, 15(4), PP.
1498-1516, https://doi.org/10.1175/JHM-D-
13-0191.1.

Fang, J., Yang, W., Luan, Y., Du, J., Lin, A. & Zhao,
L.,2019, Evaluation of the TRMM 3B42 and

GPM IMERG Products for Extreme
Precipitation  Analysis over China,
Atmospheric Research, 223, PP. 24-38,

https://doi.org/10.1016/j.atmosres.2019.03.001.
Gebregiorgis, A.S., Kirstetter, P.E., Hong, Y.E.,
Gourley, J.J., Huffman, G.J., Petersen, W.A.,
. & Schwaller, M.R., 2018, To What
Extent Is the Day 1 GPM IMERG Satellite
Precipitation Estimate Improved as
Compared to TRMM TMPA-RT?, Journal
of Geophysical Research: Atmospheres,
123(3), PP. 1694-1707, https://doi.org/
10.1002/2017JD027606.

Guo, H., Chen, S., Bao, A., Hu, J., Gebregiorgis,
A.S., Xue, X. & Zhang, X., 2015, Inter-
Comparison of High-Resolution Satellite
Precipitation Products over Central Asia,
Remote Sensing, 7(6), PP. 7181-7211,
https://doi.org/10.3390/rs70607181.

He, Z., Yang, L., Tian, F., Ni, G., Hou, A. & Lu,
H., 2017, Intercomparisons of Rainfall
Estimates from TRMM and GPM
Multisatellite Products over the Upper
Mekong River Basin, Journal of
Hydrometeorology, 18(2), PP. 413-430,
https://doi.org/10.1175/JHM-D-16-0198.1.

Hou, A.Y., Kakar, R.K., Neeck, S., Azarbarzin,
A.A., Kummerow, C.D., Kojima, M., ... &
Iguchi, T., 2014, The Global Precipitation
Measurement Mission, Bulletin of the
American Meteorological Society, 95(5), PP.
701-722, https://doi.org/10.1175/BAMS-D-
13-00164.1

Huang, W.R., Liu, P.Y., Chang, Y.H. & Liu, C.Y .,
2020, Evaluation and Application of
Satellite  Precipitation Products in
Studying the Summer Precipitation
Variations over Taiwan, Remote Sensing,
12(3), P. 347, https://doi.org/10.3390/
rs12030347.

Hussain, Y., Satgé, F., Hussain, M.B., Martinez-
Carvajal, H., Bonnet, M.P., Cardenas-Soto,
M., ... & Akhter, G., 2018, Performance of
CMORPH, TMPA, and PERSIANN
Rainfall Datasets over Plain, Mountainous,
and Glacial Regions of Pakistan,
Theoretical and Applied Climatology, 131,
PP. 1119-1132, https://doi.org/10.1007/
s00704-016-2027-z.

Jolliffe, I.T. & Stephenson, D.B. (Eds.), 2012,
Forecast Verification: A Practitioner's
Guide in Atmospheric Science, John Wiley
& Sons.

Kim, J.P., Jung, LW., Park, K.W., Yoon, S.K. &
Lee, D., 2016, Hydrological Utility and
Uncertainty of Multi-Satellite Precipitation
Products in the Mountainous Region of
South Korea, Remote Sensing, 8(7), P. 608,
https://doi.org/10.3390/rs8070608.

Kim, K., Park, J., Baik, J. & Choi, M., 2017,
Evaluation of Topographical and Seasonal
Feature Using GPM IMERG and TRMM
3B42 over Far-East Asia, Atmospheric
Research, 187, PP. 95-105, https://
doi.org/10.1016/j.atmosres.2016.12.007.

Lakshmi, V., 2014, Remote Sensing of the
Terrestrial Water Cycle (Vol. 206), John
Wiley & Sons.

Li, R., Shi, J., Ji, D., Zhao, T., Plermkamon, V.,
Moukomla, S., ... & Kruasilp, J., 2019,
Evaluation and Hydrological Application
of TRMM and GPM Precipitation
Products in a Tropical Monsoon Basin of
Thailand, Water, 114), P. 818,
https://doi.org/10.3390/w11040818.

Liu, C.Y., Aryastana, P., Liu, G.R. & Huang, W.R,,

2020a, Assessment of Satellite Precipitation

Product Estimates over Bali Island,

Atmospheric Research, 244, P. 105032, https://

doi.org/10.1016/j.atmosres.2020.105032.

J, Du, J, Yang, Y. & Wang, Y., 2020b,

Evaluating Extreme Precipitation

Estimations Based on the GPM IMERG

Products over the Yangtze River Basin,

China, Geomatics, Natural Hazards and Risk,

11(1), PP. 601-618, https://doi.org/10.

1080/19475705.2020.1734103.

D. & Yong, B., 2018, Evaluation and

Hydrological Utility of the Latest GPM

IMERG V5 and GSMaP V7 Precipitation

Products over the Tibetan Plateau,

Remote Sensing, 10(12), P. 2022,

https://doi.org/10.3390/rs10122022.

Liu,

Lu,

Ol GIS g 590 5 homiow &g ol
VE 0l o) o)les VA Jlo

af



S9N (&

.. GPM-GSMAP_G (V04) &elss slo,lsnle o,k Jsame 55 b3l

Nepal, B., Shrestha, D., Sharma, S., Shrestha,
M.S., Aryal, D. & Shrestha, N., 2021,
Assessment of GPM-Era  Satellite
Products’(IMERG and GSMaP) Ability
to Detect Precipitation Extremes over
Mountainous Country Nepal, Atmosphere,
12(2), P. 254, https://doi.org/10.3390/
atmos12020254.

Prakash, S., Mitra, A.K., AghaKouchak, A., Liu,
Z., Norouzi, H. & Pai, D.S., 2018, A
Preliminary Assessment of GPM-Based
Multi-Satellite Precipitation Estimates
over a Monsoon Dominated Region,
Journal of Hydrology, 556, PP. 865-876,
https://doi.org/10.1016/j.jhydrol.2016.01.029.

Salles, L., Satgé, F., Roig, H., Almeida, T.,
Olivetti, D. & Ferreira, W., 2019, Seasonal
Effect on Spatial and Temporal
Consistency of the New GPM-Based
IMERG-v5S and GSMaP-v7 Satellite
Precipitation Estimates in Brazil’s
Central Plateau Region, Water, 11(4), P.
668, https://doi.org/10.3390/w11040668.

Shi, J., Yuan, F., Shi, C., Zhao, C., Zhang, L., Ren,
L., .. &Liu, Y., 2020, Statistical Evaluation
of the Latest GPM-Era IMERG and
GSMaP Satellite Precipitation Products in
the Yellow River Source Region, Water,
12(4), P. 1006, https://doi.org/10.3390/
w12041006.

Sunilkumar, K., Narayana Rao, T., Saikranthi, K.
&  Pumnachandra Rao, M., 2015,
Comprehensive Evaluation of
Multisatellite Precipitation Estimates over
India Using Gridded Rainfall Data, Journal
of Geophysical Research: Atmospheres,
120(17), PP. 8987-9005, https://doi.org/
10.1002/2015JD023437.

Tan, M.L. & Duan, Z., 2017, Assessment of
GPM and TRMM Precipitation Products
over Singapore, Remote Sensing, 9(7), P.
720, https://doi.org/10.3390/rs9070720.

Tan, M.L. & Santo, H., 2018, Comparison of
GPM IMERG, TMPA 3B42 and
PERSIANN-CDR Satellite Precipitation
Products over Malaysia, Atmospheric
Research, 202, PP. 63-76, https://doi.org/
10.1016/j.atmosres.2017.11.006.

Tang, G., Clark, M.P., Papalexiou, S.M., Ma, Z.
& Hong, Y. 2020, Have Satellite
Precipitation Products Improved over
Last Two Decades? A Comprehensive
Comparison of GPM IMERG with Nine
Satellite and Reanalysis Datasets, Remote

Sensing of Environment, 240, P. 111697,
https://doi.org/10.1016/j.rse.2020.111697.

Turk, F.J. & Miller, S.D., 2005, Toward Improved
Characterization of Remotely Sensed
Precipitation Regimes with MODIS/AMSR-
E Blended Data Techniques, IEEE
Transactions on Geoscience and Remote
Sensing, 43(5), PP. 1059-1069, DOI:10.
1109/TGRS.2004.841627.

Vergara, H., Hong, Y., Gourley, J.J., Anagnostou,
E.N., Maggioni, V., Stampoulis, D. &
Kirstetter, P.E., 2014, Effects of Resolution
of Satellite-Based Rainfall Estimates on
Hydrologic Modeling Skill at Different
Scales, Journal of Hydrometeorology, 15(2),
PP. 593-613, https://doi.org/10.1175/JHM-
D-12-0113.1.

Wang, X., Ding, Y., Zhao, C. & Wang, J., 2019,
Similarities and Improvements of GPM
IMERG upon TRMM 3B42 Precipitation
Product under Complex Topographic and
Climatic Conditions over Hexi region,
Northeastern Tibetan Plateau, Atmospheric
Research, 218, PP. 347-363, https://doi.org/
10.1016/j.atmosres.2018.12.011.

Wei, G., Li, H.T., Crow, W., Zhu, Y., Wang, J. &
Su, J., 2018, Evaluation of satellite-based
precipitation Products from IMERG
V04A and V03D, CMORPH and TMPA
with  Gauged Rainfall in Three
Climatologic Zones in China, Remote
Sensing, 10(1), P. 30, https://doi.org/
10.3390/rs10010030.

Xu, F., Guo, B., Ye, B, Ye, Q., Chen, H., Ju, X.,

& Wang, Z., 2019, Systematical
Evaluation of GPM IMERG and TRMM
3B42V7 Precipitation Products in the
Huang-Huai-Hai Plain, China, Remote
Sensing, 11(6), P. 697, https://doi.org/
10.3390/rs11060697.

Yuan, F., Zhang, L., Win, K.W.W_, Ren, L., Zhao,
C.,Zhu, Y., ..&Liy Y., 2017, Assessment
of GPM and TRMM Multi-Satellite
Precipitation Products in Streamflow
Simulations in a Data-Sparse
Mountainous Watershed in Myanmar,
Remote Sensing, 9(3), P. 302, https://doi.org/
10.3390/rs9030302.

Zhang, Z., Tian, J., Huang, Y., Chen, X., Chen, S.
& Duan, Z., 2019, Hydrologic Evaluation
of TRMM and GPM IMERG Satellite-
Based Precipitation in a Humid Basin of
China, Remote Sensing, 11(4), P. 431,
https://doi.org/10.3390/rs11040431.

Ol GIS g 590 5 homiow &g ol
VE 0l o) o)les VA Jlo

0



Zhou, Z.., Guo, B., Xing, W., Zhou, J., Xu, F. & Xu,
Y., 2020, Comprehensive Evaluation of
Latest GPM Era IMERG and GSMaP
Precipitation Products over Mainland
China, Atmospheric Research, 246, P.
105132, https://doi.org/10.1016/j.atmosres.
2020.105132.

Ol GIS g 590 5 homiow &g ol
VE 0l o) o)les VA Jlo

a5



