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Introduction

Estimation of precipitation as one of the most important factors affecting human life and activities is
one of the most important issues of interest among decision makers such as water resource managers,
farmers, industry owners, and in general, water and climate researchers, especially in arid and semi-
arid regions of the world. However, so far, access to real rainfall in the basins, especially the
mountainous basins, is a vague and complicated issue. Precise measurements of precipitation in not
usually possible in these basins due to environmental conditions and relatively moderate spatial
changes in rainfall.

At present, there are various methods and tools for measuring rainfall or estimating it (Barrett,
1970, Rabiei et al., 2013), which includes: 1) Ground rain-gauge stations 2) Ground radars 3)
Satellite estimates. But the most common method is to measure rainfall are meteorological radar
Cremonini et al, (2015) and ground rain gauge stations (Acquaotta et al., 2016). The ground rain-
gauge stations are usually used by sensors or rain measuring devices. They represent direct
measurements of rainfall over the ground (precipitation depth), but they are not able to transmit the
spatial pattern of precipitation (Huff, 1970). Meteorological radars and satellite data, on the other
hand, are capable of recording and estimating rainfall data with high spatial and temporal resolution.
However, considering the variable rainfall uncertainties in this type of data, they are not able to
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accurately estimate rainfall (Jordan et al. 2000). To solve this inherent problem, there is a need for a
methodology that uses all methods of rainfall measurement in the best way. The most commonly
used method for reconstructing the precipitation rate with higher accuracy is based on comparison of
satellite observations or meteorological radars with ground measurements recorded by rain gauge
stations that are spatially dispersed appropriately. In this research, in order to combine and correct the
rainfall data, appropriate methods for the integration and correction of rainfall data using rain gauge
stations and satellite images at the basin level have been used.

Materials and methods

A variety of methods have been developed for creating a relationship between rainfall
measurement methods at the basin level (Goudenhoofdt and Delobbe, 2009). Currently, Kriging with
the correction of satellite-based error or simple Kriging and the conditional merging method Ehret
(2002), Sinclair and Pegram (2005) is the most appropriate method for due to the high quality of the
results and because of its simplicity and computational efficiency. In this research, the conditional
merging method and the methods based on it have been used. In this method, ground rainfall data and
satellite data are merged, then information on the expansion of combined data at the basin level are
obtained by using Kriging geostatistical methods.

Conditional merging method

Conditional merging (CM) using a satellite network is in order to estimate ordinary kriging error
at the rain gauge and attempt to correct it. First, the satellite values (S) at each station (G) are used to
provide kriging KS(g). Then, this field decreases from the initial satellite precipitation to get the error
map. Finally, the error value is added to the interpolated values of the rain gauge station by the
Kriging KG(g) method (Goudenhoof and Delobbe, 2009). The final formula is expressed by relation

2):

CM =S — Ky + Kgq) )

Bias field conditional merging method

This method is calculated by dividing the initial values of the satellite's precipitation, the
interpolated satellite values using the Kriging method, and eventually multiplying it by the result of
the Kriging interpolation in the ground station values, which is expressed in terms of relation (2):

S
BFCM = (- ~—)Ke( )

S(9)

This method introduces some of the partial problems associated with division by zero or even
indefinite forms, but the approach taken in these cases simply assumed that the final value is zero.

Mean conditional merging
The second method, called the mean conditional merging method, is expressed in terms of
relation (3), which represents the average between (CM) and (BFCM).

S
S = Ksg) + Ko +(K )Ka)

MCM = > >(9) ©)
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Since all the methods presented here are based on spatial algorithms applying to a set of points,
the presence of a compressed rain-gage network provides more accurate results.

Results and discussion

The validation process is carried out through the methods used to merge and modify rainfall at the
catchment area with the help of rain gauge stations and satellite rainfall values, by comparing the
values of images and maps derived from methods based on the conditional merging with
observational values of the ground stations using criterion and statistical analysis, the results of
which have been presented in Table (1).

According to the results presented in Table (1) and by comparing statistical analyzes based on the
results of each method with observational data, all three methods used for merging and correcting
rainfall in the catchment area have close and acceptable results and there is a significant correlation
with ground data, however, in order to select and propose a suitable method for merging and
correcting rainfall with both spatial distribution characteristics and preserving the precipitation rate, it
can be said that the conditional merging method has better and more acceptable results and was
determined as the appropriate method.

Table 1- Statistical analysis results of the comparison between estimates of each method and rain gauge
observations

Rain event Method MAE MBE RMSE bais Pbais SD R"2
CM 15.11 -4.18 18.58 -0.07 -7.03 18.10 0.98
93/09/02-05  BFCM 15.18 -4.07 18.68 -0.07 -6.84 18.22 0.97
MCM 15.13 -4.12 18.62 -0.07 -6.93 18.16 0.98
CM 15.96 -11.31 19.99 -0.35 -35.21 16.39 0.98
93/12/26-27  BFCM 15.93 -11.40 20.02 -0.35 -35.48 16.37 0.98
MCM 15.94 -11.35 20.00 -0.35 -35.34 16.38 0.98
CM 23.40 -20.50 25.48 -0.91 -91.12 15.25 0.98
94/01/01-03  BFCM 23.39 -20.43 25.41 -0.91 -90.81 15.22 0.98
MCM 23.40 -20.46 25.44 -0.91 -90.96 15.23 0.98
CM 19.24 4.31 25.22 0.09 8.90 25.02 0.99
94/07/19-20  BFCM 19.28 4.30 25.19 0.09 8.88 24.98 0.98
MCM 19.24 4.30 25.20 0.09 8.88 25.00 0.99
CM 28.67 28.08 36.59 0.64 63.67 23.62 0.99
94/10/03-05  BFCM 28.68 28.14 37.29 0.64 63.82 24.63 0.96
MCM 28.67 28.11 36.91 0.64 63.75 24.08 0.98
Conclusion

The purpose of this study was to modify and improve the performance of rainfall data at the
watershed area by using the combination of rainfall and satellite data using geostatistical analysis and
merging methods. Accordingly, the statistical analysis criteria had been used for comparing the
results of regional rainfall (distributed at the area) by the different merging methods used in the study
with observational values of the network of ground stations at the catchment area. The results
showed that the regional precipitation values estimated from the conditional merging method
provided better results, so that the merged precipitation values retained the precipitation rates of the
ground station and has improved the spatial distribution of rainfall on the watershed area relative to
the satellite rainfall. In general, this study shows the validity of the conditional merging method for
estimating and merging land and satellite data in order to modify regional rainfall in the Mond basin.



4
Eskandari et al., 48 (1) 2025 DOI: 10.22055/jise.2020.30239.1863

Acknowledgment
All the respected officials of regional water experts of Fars and Bushehr, thank you for your great
cooperation in providing the required information and also Shahid Chamran University of Ahvaz.

Refrences

1- Acquaotta, F., Fratianni, S., and Venema, V., 2016. Assessment of parallel precipitation measurements
networks in Piedmont, Italy. International Journal of Climatology 36,pp. 3963-3974. DOI:
10.1002/joc.4606.

2- Barrett, E. C., 1970. The estimation of monthly rainfall from satellite data. Monthly weather review 98,pp
322-327. DOI: 10.1175/1520-0493(1970)098<0322: TEOMRF>2.3.CO;2.

3- Cremonini, R., Tiranti, D. and Barbero, S., 2015. The urban flooding early warning system of the greater
Turin (North-Western Italy) based on weather-radar observations. In Engineering Geology for Society and
Territory-Volume 5: Urban Geology, Sustainable Planning and Landscape Exploitation (pp. 837-842).
Springer International Publishing.

4- Ehret, U., 2002. Rainfall and flood nowcasting in small catchments using weather radar. University of
Stuttgart, Germany.
5- Goudenhoofdt, E. and Delobbe, L., 2009. Evaluation of radar-gauge merging methods for quantitative

precipitation estimates. Hydrology and Earth System Sciences, 13(2), pp.195-203.

6- Huff, F.A., 1970. Sampling errors in measurement of mean precipitation. Journal of Applied Meteorology
(1962-1982), pp.35-44.

7- Jordan, P., Seed, A. and Austin, G., 2000. Sampling errors in radar estimates of rainfall. Journal of
Geophysical Research: Atmospheres, 105(D2), pp.2247-2257. DOI: 10.1029/1999JD900130.

8- Rabiei, E., Haberlandt, U., Sester, M. and Fitzner, D., 2013. Rainfall estimation using moving cars as rain
gauges—laboratory experiments. Hydrology and Earth System Sciences, 17(11), pp.4701-4712..

9- Sinclair, S. and Pegram, G., 2005. Combining radar and rain gauge rainfall estimates using conditional
merging. Atmospheric Science Letters, 6(1), pp.19-22.DOI: 10.1002/asl.85.

© 2025 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-
access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




=14 .o (e Wlio £+ £ slg o) G0l EA >

ST (wkigo 9 pole ﬁ‘rﬁ

;Ir‘:i"jl/f.‘::twh

S Shos Sgag 9 Tl 30 (Sloslgdk § (Suwo) O (S T 03I (SIS Cus § Sy 9y (b 3!
(w3 9T 409> 188 90 dlllan) 4Dg pdaw 33 Lok SBOSIS

stl;-b‘,a--\‘w ksl;)".x;.,..‘z}a r.._:-j}‘.k.& fﬂo.s)\)' e “6)"\&""‘ k;&

Ol 65158 O paz g olails (g § e 5 T (prign odSCils (T ubin (6875 (st gl il =)

Ol laal Olper dgd ol (o)l 5 OT (kige outSils (T el 5 ot 038 skl Wit ol =Y
zareih@scu.ac.ir

O 51sal O oo g oS5 (g5 e 5 DT prikige 013 ¢ 285 5 (55T 05 8 skl =¥

Ol 5158 O o g oS ey 5 e 5 DT pnikige oS30 (T el 5 3aodn 058 skl =¥

WA/ Y 6 SS5L

VAN FIYO 1 by VWAA/F/YE 5L s

oS>

995 o0 slonbis e s S5 (0, (IR Oyt Cle &y SluasS 3blo )3 (oguas & o )3 (S,b 353 (wedS
339172 039 701 ol (gl (15t (g o (o (w3l SO 3 (ol e (6 5258 5131 ¢ 38, (& S8 31T Jgane
Ao gdlagg, w0 oyl Ll 8,5 4148 dngd 390 «ilieo ganisuw I Jols OleMbl oS 5 U Suiib SSe 2o 5e8
o2l 92wl oy pdlio b csloylanle o (450, (sodld oS 5 51 0oLkl b iy 5 8480 da p2 (505 031051 o s (S5 ,L
225 il 5 (Bt g Comdy S 5 g 51 (SN (e q2595 91 9 (slabds (40,1 slaodl> Mol yoliie s kg3
5 oyl Gl 13 @Bly cio 5yl ddgs 43 TG B ITAY ol b e 5l ,US, 43 Wigd s 1yal ol wlulys &
51 el Cowdey gebaw (il pdlie o 4id)S W0 (gylol SUMSG § e ol wwd 03wl oyl g 53 sy
buwgio yobds o5liu] 390 (5B WIg, ¢ e aSuwd glosdlio (i)l s (MCM 3y BFCM (CM) Jols Curdg oS 5 (5o 19,
vy 51 o] Cawddy (Sl walie b duuslie 45 .05,15 Joud JulB Cdd YO/YY  YO/YY Yo/VY RMSE yl5me b o yiay
solie Lés b (gl o lgale glaodld i S b S &a507 @ Juled (glyld (goliuiny (oW w9y o5 aBd oo oyl (e S
(CM) Comdg cuS 5 (g, 31 ool Cawday glailain Cgllao (10,1 (ke o (555b 4 Wil oo (o) (3L (5ol (S Sl

Gl gwoj (69050511 (god1d 31 ool Cawd a4y ylule &y dund ylown

e Adg by oS 5 g, sleylgnle (bl ¢ rey (Pl )l ()l e 5 1019 Sl

Ao\

Bk xSoilul sl (ilisee sl Il g by 3l Jlo 5

Rabiei et al « (1970) Barrett )b 995 o o5 b g
ooy (Y e (mimo )b slooliins! (V1 Jols &5 (2013)
ey cerzly ow ol g ol slaoglsale (cla 350y (¥ e
Cremonini et al _wlilgn (cla)bl, (i) (opS ojlul (ol
Acquaotta et ) s e (Sl ol o (2015)
b g jl Yoare (o) (msll (sloolins] 5> (al., 2016
5l o] Cuoddy pdldo g o 0dlatwl Ll (65500l (olrolKiuwd
05 89 2 Ol i) J et (s pSeslail enims s |
s s 5o (oo il s 5008 ol Lol s (43, £l5)
5 cud bl kil o)), K> gge 5 (HUf, 1970)
d29 onl b i) [, Yl Gl 5 Jloj g b (il cledlbl gl

lacdld 5 Sl e Jalo cppiore dloieas (b (1055
b il el (sa8Me 390 Slegige (ot Sl (S epe
Oliime S bty 5 wlio glolo (figlis ol glio e
St dos g S 2y pogad 4 (il il g T (casg>
Sk e 4 (g piod 058 b oS Cad Jb )3 pl sl 039 o
S ol & Ghng cbasy logasd bady gy Ll
ol 3 Ygane ()l 383 (650l cand ks odomy 5 oo e
e 208 B e e g e Ll ey o> &5
ot 9 Ol (b g 429 pdais (ped 4 Cand py Sl
Cad b e 38 ySoilul piliwe wad gladlyg,
{(Zandonadi etal. 2016)



DOI: 10.22055/jise.2020.30239.1863

#

ey S 5 sl s, oo 10K 5 g Sl

bl 4 Candg S 5 g Jeslisal b (xiadll slooli] > 0u3
St 5 ol dgy ool il gkitedy by bk g
b sy sleoals ool 5 o] > 0 (g S 03l glay yi )l
U9y b odygly b &8 b ol )] ol 55,8 duglia |y el
—aallas 3 i o &) LS 5 oS ol 1y s gl Cansy S
S 39l yeaiets (2015)  Pignone et al buwg o>
—ohb lalie g (590 il o (glodls (8" CuS 5 b e gyl
Sly > gy S 00 ool Cundg oS 5 g ool b et
S g alllas @y imgs cpl g ol oS Sl edh ST
oy Sy g0 o8 Wby Cundy oS gy Sl sV
Fang et al ..ga oslisl )b digs (o 1g5 jolato 4y  Bly
oylgale i)l (6pSoilul (glaodls 3, Slee (cladllas > (2019)

e Sl g 1ad o ok 39l 3 GPM 3 TRMM
ol 3T VEST Y 5 Voo emV AV ielo 095 elyy ¥l LS5k
O3S Jgpaze 93 o 3> U @l (85I (o 2p90
site oS GPM slaosls 5 03y &l o (gla )b 5l oos
Slo 5rd g sz olgple 3 ,8ke (o 3 el 035 Jos
S oldl 9 3L )1 b cn 08 5l g gl ye (oo g g
o3 S 2 lgm g Ol g (SIS0 5l s JB 86 S 5 03
ai>s 4> (2019) Mahmoud et al. .l o (gloygale (sl
chlel > GPM ol 5 008 (5)S5k gl Jparmo aw cono
093 > BBz Sloj 9 (o sl (bl jl oalisal b gy oo
aS ol i gl iy )8 cwyp D90 VoIV yuolwd BV ND aygil3
S ) R Jpame 93 4 G (0055 (ppite Q6 Jpare
I Srte S s 8 CPM Gl Jgarme lis cpl bl
oSk a3 g0 Sl gy ooio Slibel 3 (S 595U g (6 0 S
2 by JeoSS iy e Jpamme S lgisd Ll
il o) 186 5blis 5 (elo il (6 0}l (sloolSitu

2988 2 sl ace aw St Sy 4 ey L

2)90 lojlgmle 5wy (o)l (sl 03y Sy e (sl by,
el 9 oS 5 pgliteds ol 345 ) sl 43,5518 (L5
daw (il gleedly cdy g 0 Sles iulial o )b (sleedls
SaS &y b slodld oo 5 3l Cuslie (gla b | Ade
Fokw sloodly 1 )oS 3l o yianne leMbl g Sl (slrolKiu]
ol 035 030zl Koo 39l Adg> pdaw ) (ghojlsale

b w9y 93090
axdlla 390 4o
23 )8 558 o f gz 3 dio ol 4 aalllas 350 dilats
J sty b (plAdl (oo @y yioghS YYASY adg> (pl Canmg
Ologuds blod 4 45 03 las s> 5 )b @l il 4
20y VWY g (yoyld il 13 Mo pd AV Dgus 33 0458 ) 3l (g9
A Jold do asgs pl Slaise .l 48,5 )13 j0ber bl 5o

4 il g dhdl slaasl I b shies glalad sl (Son

b el s gl el
.(Marshall and Palmer. 1948)

5 Goudenhoofdt luwg ons bl claadlas disej cpl
3 Mo b wlidlen by s o ol (2009) Delobbe
oA S Sl 335 5 S iSU gl pie Lo
I b (slacadgione Sy (pimen (oulidlyn p (BUGL
5 dalgd glsel cuslio Ll glo & adlain > lelis)) L3
12 btas 48 ool 3k slacyess «olts 3 sl oo dalye
45 (1987) Scofield il )l ol o s g 4555 ol
e 9 35 o Sp0 015 il (Sl slo o pale 5
e ol Lol e Gejlple J Job A0k
{2000) Sorooshian et al 4 (1997) Hsu et al
hYl Gloj g (e slaggdy > (i slagpess S sysba
2 0P8 bt 90 ) iom sodds Sl g5l S o el
Sloj g e SSE 93 y2 b ( SH)b e Jlle 4 ghcwws
4 a9 b Jb ool b (Doviak et al., 1994) sl o culio
385 gl (Ul deosls 55 cul )3 ol e slacad pus
Jordanetal. 2000:Vignal and Krajewski ) s,ls1, sl
ol g B L Sk e (siloil sl Jgane B9, (2001
SocgyS il b lidlon ol b (dlofsale claosalio duslio
oy 4 & sl (Rl (SolSin] b 00D b e
3 b ol o L3 ) id calio (SuSTy el
5 (2002) ENTEt ukilyn iwosiy Jod | s (slosin;
¢ Borup et al, 2016) il e Kjdopud (silwie
(Goormans and Willems, 2013

Gilwosly g adllae & didss > (2017) Guenzi et al.
R obj 5l ookl b cumdg S )5 by, 5l (6 5gmels aalipp S
el Wiy ) Clialie g g)bly slaosly Sy jelataay
dilaie > Cilises (glaloj 15 5yl sbadysl 48 ol oL bl
cel asF L5 Jileil 5)se (Wl )¢ Jles) Piedmant
ol o dilate pdaw 3 (Sl polie Doy Cono

adby s 4l) 4 adss > (2005) Pegram , Sinclair

Cumdy oS 5 by Jodliial b ()b e (gl sl )8
Shalie slaodls I ollas ML 2 il jeliiody i S 1 o
2 hagio e < o 3 i b pols by XS e ool
—& ol 005 990 Kz S o9y b &S Syl sloodly ol
Ll el g a8 o Lais 1) by e cloie o Jbs p3 oal Cawd
Caol osd oy dhanlie S Gl bis 5 ) polie
Uil gl Cygbre > (39l pilie uiblly S gy
Sy polie 390 1> sl M) &l 4y 36 b el Wb o
s s )3 55

PN oshe yokited gladle 12 (2007) Kim et al.
xS ojlul g oyl ely )b S5 5 Imjin-Ganwha 4,



V=18 o NP F Il ) oyl FA o5

ST oige ke

Slosladle (srosls

Moi slaodly ululy 3u8o cpl )3 e3liinl 3y90 (glo,lanlo (slaodly
13k Global Precipitation Measurement ojlgale ;| o0
H ISt 5 o os 4 ]y Sler (S Sl cappele
5 b clalie e Jus &S Culioloale 5 JMall (sl
sofgple Culdge b p & Cypgale pl WSl 1) Sy
&5, 4w L Tropical Rainfall Measuring Mission
iy 0y g yiagdly s o & (S35 p0 g ol (g0 lgnle S
S gt g 3y 0 Lad 5 S5k opSoilsl & 1S o Jos |,
) shsgerme ) Sk lacspSoilal 3l Sy a2ye 3yl
3 Ll dlougts 25 GPM 1S o Joe o lbos  Slisios slo lonlo
s el TRMM Sl ol oy (plf (sbisd lp ]
ool GLS)I uLo)Lu Aile UUAI Om &L@S dlsbuwl)] )l L;Q?ﬁu))w{
el 0 St din ol oo g Tggs ¢ slitlon (clao lonlo
L;»La.‘) )g)o )‘ Yoy JL» L54’)99 yv » GPM gl.o‘ o)|9ml,o
9 Sk B oyl ojlsale ol b Sy Lad 4 ol Lep S
Loy o &8l leMbl 48 o oo 1y olas (Ku/Ka) auils b
L GPM (glojsnle s (glaosly muoos wipoSI 4l 3 GPM
o Sloj g9y Ml (il 2930 e 5 )55 (IMERG)
ol L;LQRL“)SSUL&%L,@)A AR YA PR [P
Loy clorw 4 hittps://giovanni.sci.gsfc.nasa.gov
() Jg2) 2)2)),3

9 d YV ilg (Bub 5,0 428 ¥ g a0 OF U adds A g anpd
Gl 045 @8ly  Jloss (50 488> YA g dx > OF b adds VY
Sk L gy gl Wooe sl ase oy S coluo
e yioghS YA+ ol clelis)] IS corlue g yio Lo Y8+ Lawgio
ool 8213 o pn 5 A3l o VY- L
D)8 S gl 423 VA Ol da s bawgle b SiS g )5
Oleldyl > e ¥V b o) gls oo o o i jl dd g glas)
IS g 0 ol g p)5 Glaglin () JK3) 23k 0
S5 S e el s glop g O (Lol clasets
023958 bl Jlag U elo )3T lgh 31 50l b 5o 5 ok g0
loolSin] 5 oyl ade Cusbige (1) JS5 0 tbbia ole
ol 045 033 Uis ] g il )3 dalaie 3 iyl

S0 (Tl ol ol (sdosls

5 (b (sl b Loy ddg> o > (dlosaliio 2
~olStas] gy )b (glaodls pgl [l 348 (pl 20395 (0 (5 x50]1]
oty  oslitd (gl WD (el gloJlo (b 3 e slo
o o] W sy o (ol o Jople oMbl gumacs 5 S 5
—olSian] 15 0l ool Caundety (V) S5 o g yolme g o
IS oyl ey sleio «Sityginm o] i Jols adg> 1 39390 (sl
sl 390 (A5 J5iS Cor o ey 5 o8 sl ulilge
S Olas cov A Jgane (Sxial )l o] Ve g st (gl
o3 S’ S5 5 ()05 S o8 rebge 9 o) (gheaio o (sl
i ool il o o

30

29

28

Y )
Legend \

-4 Meteorological station
types of rain gauges

27

& normal
© Recorder
@  Synoptic
DEM —
57 value i IRAN N
- High : 3145 .~ fars Province ﬂh
Low : -15 2__20" 40 o0 120 190 bushehr Province Yy
: . . v . | Mond Basin s
51 52 53 54 54 )

Fig. 1- Location of the study area and used meteorological stations
00kl 8yg0 (wliblgd (SOIK T Curdgn 9 dfllan 3 g0 dilain Cusbgo—) Kb


https://giovanni.sci.gsfc.nasa.gov/
https://www.researchgate.net/figure/The-geographical-position-of-the-study-area-in-Iran-and-Ilam-province_fig1_283758221
https://www.researchgate.net/figure/The-geographical-position-of-the-study-area-in-Iran-and-Ilam-province_fig1_283758221

DOI: 10.22055/jise.2020.30239.1863

A

ey S 5 sl s, oo 10K 5 g Sl

B 3 03likl 390 (510 sgal (SIS LMl oM -1 g
Tablel-Summary of satellite data used in the study

. Temporal Spatial . Time of data Reference data
Variable . Spatial coverage . .
scale Resolution generation generation
GPM- . o R o March 2014-
3IMERG Daily 0.1 60 ° North- 60 ° South now NASA-JAXA

wlid Aol jl b plad by 35 Sie S > e
il slagtgy Sizm S el polie 251 el 930
ol 0 03] Jgore iz S 59 3 8uis cplyd ) 2929
¢ (1989) Srivastava 4 1saaks  Joere Kiom)S
U9y < (1990) Webster 4 Oliver (1951) Krige
ol d)ln'l W)J.buﬁx):u)a baes &S ol u‘l‘» O%‘“’)f)
Ole palie ¢ by b &S ey e |y (lSal (pl g 9 00
wan ) S8 cul cpl Lol oyl by JBlas oy 1) las layyo
uly‘_ga ‘ML MIJ .)9>9 (F’Lw )J.)LGA) dlo.&m 4§>L.u: )L:m JoLQJ
SleMbl o\s;@o’l P a8 ot |y dlues blE pl 55l
L) B (Sauly oluly e by ool s 25250
bli oy 5S35 &5 o (ol 4 el pitie S (e (Sl
wldo 6,5 (0 )15 yuiito Jl (55y90 Jeolsd 3 &5 (bl& I
i i Sle S L ol dai S Jagore Hlde it
wlie (o (e dally 4 lagyiy 98 e Ao polxe polie
duoloes (gl D)b (St Jorore alai 03gae 40 o (4 Sl
O 4hols oS BIS Sy gy 0 S Pl gl des o dagyj
W) Pl?ol dlm ‘_s)jb)l,\)l Q"’ ]) u.ul.:)lg OA;).GJ )l.\n.c 9 4]@; 5.)
a e 93 2 )3 plS5ly dosd (ul WS oo Laipe alall 9 ()
U9y 3o QU |y (Shan 353 d2)d (oS 9 (&S b9
il e (V) dlady ool yy Sz S dusloce soges

Z*(Xo) = Zn:Wi ’ Z(Xi)
Zn:Wi =1

W, ¢ Xy abais )3 o0 3,900 ylaie Z7 (X)) aady ol 5
b n diges polia Z(X;) 5 s

015 391y bl g iges bl (y (Situon 4355 4 bagyjg
g9 ol sl oLl bl xes ddsen g )l (St
.C«»lb)])le&%ﬁ‘)ﬂ}&ﬁ&b%ﬁ

b SRoSlS unad § S § SS9
2 b xSolal by om bl o sbml jdaies
o 0313 dnuwgi yolale (yendy &' £otle Slahy) jl Adg> pdaw
.Goudenhoofdt and Delobbe, (2009) 5.0 sdlétul ¢l
5 03k iz S b baofomle it (sllas oMol | s s o
cuiS e (Conditional Merging)cussy wuS 5 oo,
9y (cwlie s Slwlne (S5 (ol > 4 g ls (VL
o » (Sinclair and Pegram 2005 (Ehret 2002) <.l
Lol 3 o8 o (e (sl 5 Camdy oS 5 by, 3l s
bwg 4l 4 (2002) Ehret g
ol 04 o3l (il aawgs (2005) Pegram 5 Sinclair
o)lgale (Slaosls g (sixej 0 5 So3lul o)l soodld B9 el >
SlEMb] S S (6l s (o gy SaS & s 005 S 5
Caawdds dslllas D50 ddg> pdanw 1 04 S (glrodld Ly yinS
Sl e

S 7 SoboT (el 095
Ao S lelives o) 2 el SoSiness (S S S
Jopeme o Sy o8 lgicee of by o S slo Sies
P Sipn S bwg (g (ol 35 (59 pglee bl CoaS jl odlid L
5 Lo YOV B YRSV (o 5 gl Lo 5 oo VU5 o
S e (150 (polul 2 & Sl (1035 B9y So iz )5
)90 1 9 Cul gzl (Weighted Moving Average) jls:jo
2 &ly sl o)l b s Sepess e o €8 g o
P & pasuio @)l (g baiged 1 S 5o sl )
2 kaly s oy (e e38 uily)ly 4 09 0 485
4 bl a3l 5118 (659 alold 3 diged > o SS9,
Lol sl yiaS" 2ga5 0 0313 Canand O] a8 bl )39 s lon
Ot S 28 B a5 de j5 diged CusBge Sl (e
Lo sl opess ym (Tl 4 o ol o] S S (sl Sy
045 03] (a5 o i (sl cplply 25 aslone e |y ol &
P Jb oS awlxe |y e o luebl 4l lgi e
D5 ey el i Yse S lagiy
539 weSae dhold 3o,y assl wlul 4 (Madani 1995)
oge S5l g gt diges blE & (S5 o 2 o5 (IDW)



V=18 o NP F Il ) oyl FA o5

ST (okign 5 p5ke

| e o Do

o .

Fig. 2-Merging rain gauge and satellite data principal steps.
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Table 2- Statistical Characteristics of the gauge and satellite rainfall in Mond basin (mm)

Statistical Period Rain event Paramter Max Mean Min SD cVv
Gauge Rainfall  94.43 51.62 18.96 17.93 0.35

11/23/2014-11/26/2014
GPM Rainfall 51.95 37.52 7.51 8.39 0.22
Gauge Rainfall  59.27 38.56 10.19 1181 0.31

2014-2015 03/17/2015-03/18/2015
GPM Rainfall  58.89 35.95 15.45 10.22 0.28
Gauge Rainfall  86.93 19.60 1.74 1042 0.53

06/22/2015-06/24/2015
GPM Rainfall  37.58 17.2 5.12 6.28 0.37
Gauge Rainfall  138.80 51.36 1.09 2198 0.43

10/11/2015-10/12/2015
GPM Rainfall  83.89 42.75 0.97 20.36 0.48

2015-2016

Gauge Rainfall  132.59 35.52 4.80 17.64 0.50

12/31/2015-01/03/2016
GPM Rainfall 51.49 24.4 2.75 1.47 0.31
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Table 3- Statistical analysis results of comparing the methods used with observed data.

Rain Event Method MAE MBE RMSE Bais PBais SD R"2

CM 15.11 -4.18 18.58 -0.07 -7.03 18.10 0.98

11/23/2014-11/26/2014 BFCM 15.18 -4.07 18.68 -0.07 -6.84 18.22 0.97
MCM 15.13 -4.12 18.62 -0.07 -6.93 18.16 0.98

CM 15.96 -11.31 19.99 -0.35 -35.21 16.39 0.98

03/17/2015-03/18/2015 BFCM 15.93 -11.40 20.02 -0.35 -35.48 16.37 0.98
MCM 15.94 -11.35 20.00 -0.35 -35.34 16.38 0.98

CM 23.40 -20.50 25.48 -0.91 -91.12 15.25 0.98

06/22/2015-06/24/2015 BFCM 23.39 -20.43 25.41 -0.91 -90.81 15.22 0.98
MCM 23.40 -20.46 25.44 -0.91 -90.96 15.23 0.98

CM 19.24 431 25.22 0.09 8.90 25.02 0.99

10/11/2015-10/12/2015 BFCM 19.28 4.30 25.19 0.09 8.88 24.98 0.98
MCM 19.24 4.30 25.20 0.09 8.88 25.00 0.99

CM 28.67 28.08 36.59 0.64 63.67 23.62 0.99

12/31/2015-01/03/2016 BFCM 28.68 28.14 37.29 0.64 63.82 24.63 0.96
MCM 28.67 28.11 36.91 0.64 63.75 24.08 0.98
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Fig. 8- Scatter plots and correlation coefficient of the comparison between estimate values of
conditional merging methods and rain gauge observation data.
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Table 4- Statistical Characteristics of the satellite—rain gauge data merging technique in the basin.

Rain event Method Max Mean Min SD Ccv
CM 93.57 51.81 10.07 18.62 0.36
11/23/2014-11/26/2014 BFCM 93.07 52.05 10.43 18.71 0.36
MCM 93.32 51.93 10.25 18.66 0.36
CM 69.01 38.29 7.06 13.28 0.34
03/17/2015-03/18/2015 BFCM 71.74 38.51 8.60 13.49 0.35
MCM 70.38 38.4 7.83 13.37 0.34
CM 89.7 194 1.54 10.98 0.55
06/22/2015-06/24/2015 BFCM 87.91 19.55 0.63 10.83 0.56
MCM 88.81 19.48 1.12 10.88 0.56
CM 137.77 51.64 -0.36 22.9 0.44
10/11/2015-10/12/2015 BFCM 134.66 51.85 0.78 23.49 0.45
MCM 136.23 51.75 0.22 23.16 0.44
CM 132.58 35.27 4.77 18.48 0.52
12/31/2015-01/03/2016 BFCM 132.57 35.62 4.8 20.17 0.56
MCM 132.63 35.62 4.8 20.17 0.57
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