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Article Info ABSTRACT
Article type: Background and Obijectives: The most common methods used to estimate
Research Full Paper and spatialize precipitation data are geostatistic methods and satellite

images. Today, satellite rainfall products have become very popular in
Article history: prep_ar_ing_ raiqfall maps. These products use satellite imagery to esti_mate
Received: 07.05.2021 pr_eC|p|tat|on in places Wlth_ no ol:_)ser\{ed data and are usually assoqlated
Revised: 10.20.2021 with a large error and require calibration. Interpolation methods estimate
Accepted: 11.20.2021 precipitation data using recorded data. It seems that the combination of
interpolation methods and satellite images can be effective in increasing
the accuracy of rainfall maps, especially in areas with complex topography

Keywords: such as Mazandaran province.

Accurate precipitation

estimation, Materials and Methods: In this study, in order to evaluate different
Four-dimensional linear methods of estimating precipitation in Mazandaran province and
gradient, combining satellite images with interpolation methods, precipitation data
Geostatistics, from 21 synoptic and rain gauge stations and 24 monthly images and
Precipitation map 2 annual TRMM satellite images were used in 2012 and 2015 that the

spatial resolution of this satellite product is 0.25 * 0.25 degrees. The
studied interpolation methods included Kriging and Inverse Distance
Weighting. Also, the accuracy of rainfall products of TRMM satellite was
investigated. In addition, to increase the accuracy of rainfall maps, multiple
linear regression were used to combine satellite images with latitude,
longitude , and altitude covariate. The investigated methods were evaluated
using the Root Mean Square Error and Mean Bias Error indices and
regression analysis. Also, the annual rainfall maps of the province for 2012
and 2015 were drawn and analyzed.

Results: In this study, 5 theoretical semivariogram models were fitted to
the data, that the spherical and exponential models were selected as
appropriate models. Also the coefficient of determination of the selected
variogram model and the ratio of structured part to total variation showed a
relatively strong variography anlysis and the effective range of
precipitation data was obtained about 80 km. Correlation coefficients of
covariates and precipitation in most months provided acceptable results and
were significant in almost more than 50% of the studied months. As a
result, the coefficients of determination of the four-dimensional gradient
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regression equation also showed satisfactory values, so that the used
covariates explained between 10 and more than 70% of the precipitation
variations. The evaluation of investigated methods showed that
interpolation models and TRMM satellite network data are not efficient in
the estimation of precipitation in the province and the use of covariates in
the gradient method could reduce the error estimation of rainfall data by 20
to 40 percent. Investigation of Bias error showed that TRMM precipitation
network data, despite good correlation with observational data, has about 5
times more underestimation error than other interpolation methods, but the
combination of TRMM network data with other covariates in the
4-dimensional gradient method has reduced the MBE to zero. Regression
analysis of the studied methods showed a significant advantage of the
4-dimensional gradient method that the slope of this method is 3 times
more than the geostatistical methods, which shows the performance of this
method in detecting low and high rainfall rings in Mazandaran province.

Conclusion: The results showed the superiority of the four -dimensional
gradient method in spatial rainfall estimation of Mazandaran province and
showed the role of covariates in increasing the accuracy of rainfall maps,
that use of the selected method reduced the estimation error of
geostatistical methods and TRMM network data by 30% and 40%
respectively. The results of this study showed that the combination of
satellite raifall products with interpolation methods will lead to more
accurate estimation of precipitation in highlands and the points with no
recorded rainfall data.

Cite this article: Yousefi Kebriya, Alireza, Nadi, Mehdi, Jamei, Mozhdeh. 2022. Combining
interpolation methods and precipitation products of TRMM satellite to increase the accuracy
of rainfall maps in Mazandaran province. Journal of Water and Soil Conservation,

28 (3), 49-70.
@ O © The Author(s). DOI: 10.22069/jwsc.2022.19286.3477
[T Publisher: Gorgan University of Agricultural Sciences and Natural Resources




rrY-ren sl Ll * T -~ tala & &
FIPY-YYAL o g i bly Jl’ 3 U' “bu’ th@s}i @

G b e A
"bﬁy_’gt/é’u JL)‘/’L.; &y

TRMM gfoylgdlo (o 3L OY gammo 9 (U930 B9y wud 5
Ol o (bt 53 i ylpd Sladid L vl 3 ygliiody

Tl 0330 | gl sdge | LS Ly Lo e

6)L»NCL¢)6J)JL;5("1& aK.iJ‘J L\_JIJ-NJ*@.A c}jf ‘(5))}L;Swu\ﬁ .L::lelm:)ls 4:;-;»1&‘: Al
Sole b e 5 isS psle WS (el e 0dSH ol wdigs 058 Jbokl s sl s Y
m.nadi@sanru.ac.ir :aLL,

Ol 2 B3 s ol Olojlo (55 5LES wlidlgn (g5 ant jol J2ils ¥

oS> Alas SleMb)
5ol Sl iy by Tdas ioL S8, Lasis 5 S s 10As g able s g 5

w3 Slelpale 2oL V¥ pame 5ol JUI a3yl a5 e planil (leplgale pslas SRk mele JoS Al
ol oS a4 leslsale lal Sl eslinal b OV pams ol ol sld Sl glaalss
ls il 4 L s ea olen 5 e b Ypems 5 33l e eals U L s
A 5l e AL e 4 edd S A3l bl Sl eslial U g pLOsss glapss N E b, 6
Gbeadds Sy Ll s Wlg e Gloylaale pslal 5 LOsss b bsy S5 dap e I VITA IR py 50

Bl e 0Lk Ol Wils ety 318 55 b Ghls 53 jopara JEibea MY IR0 b

alwl uia)b eSS olises L;Lhdi}) L;.'LLJ')l slsly s g:*“}}l O._v\ BE :\AuiJJ 9 .>|_,.a
Q}"’Z"" olg.lwi‘ AR (:;Lanlz )‘ u.:Lj_f)})J 6\.&&}) Lv L;lo)\}.hl.a J.L}L..aj g_,.;SJJ }Q])Ju)l.a :‘54:&5 ‘5u°§“’
B (TRMM) rl r‘ )‘ J a)b,alﬂ MYL«: Ja”_’da" Y 9 alals ﬁ_}»ﬁj Yé )‘j jwt)\)b)

Sl e am s /YO0 /Y0 ol sale ol SIS SKS& a8 il eslanal Y10 5 YVY sladls

(ol BB e
‘)La'l;ﬁa)'
By ppmes 5 oop alol S G55 oSS Jald o LOsss Gl (om0l S
Sloaii 33 hIB1 sy e 4 A3 e 5ol ol U 5 eslpale Bl Y pas s a2
SaS Gl aze b (slojlsale slad oS 5 (sl At o 05 S5 il 5l E0Les
Sl S oslind b sy, sl a3 el 6l 5 GWlie S s Jib
e S35 s G S, e 5 ) gl (S0l 5 e Sl e S0l
A5 o g e Y000 5 VY Ul s (6l 55 Ol VL 530 o (st

wles sladde &5 A esls 55l rosls Lol podd 0 ()55 Jde 0 tags ul s ilaaidly

e ol pd e S OBl Ll o8 Je G Fole Ol 655 5

o)



ol ol Cansy I8 Sl 4 bl Ola Gl 5 Coe led i o
askS Av o s SaL slaesls b anals 5 sl 0L 1 5L slaesls G bl
Sl Jo3 LB s basle 181 53 (20l 5 (SeS oyl (Samer ol el Cses
Sl gt gs S 2 sl ey se Slaske dsss 00 51 i 5o Lo 5 ol
Slepiie 4S5, bar 3> OLES 1) oS ol pslie 5 asler OLoIS S S5 dsles
oot 3 g0 a5 L Lol SLd Sl s Ve 5l i B e s eslizals s ge LSS
¢l ¢l O 5 Sloslsale as slaesls 5 sbosss slais, o sls ol st byl Lastls
s 0Ll S By 5SS gla e ) eslanal 5wl olil 5oL 51 el s
BYe ) b e llaxt oS (ke 355 (e gllaxt J2alS sl anlyh (sl
ol ol ) 5 ol At slaesls o 3l 0L ol ald e 3l RalS dss g
S iy ple 5l 5 ke ol 0 ssd= U gledalin laesls b gt Stuman S
Al bopl ol 5 S glaesls oS 5 Ll o &35l oS sl lls abosss
S S Mo Kl i w0l ool gla g £ OLLS By o (SKaS (sl e
b S 2y e £ 0L S S et 5 5 S s Losss e sl B
Sys edkasili & s bl e Sl ies ple VSl Ghe s £ OLLS hs, L

el adlate 25l 5 B0L oS slaadls pasis s JLalS s S5G8s

2 b S e 53 s £ OLLS s 55 Sl sdel ezt b 1(s 8 e
Sy L 1 islas Gaadi Sds hlil s LKeS lajite LEE 5 a3 OLdijle Ol
e S sy s et o T a8 s e ) Sl eslial S(g ) sba
Sl Ol sy nl @l A el el ) el e ghans £ el bl
POk FG8s e a4 e LOsss b B b glelple Sl OV same (S S

A Mb}- d':’)l" [ %A gwi' osls 3L bly 9 C)LC«UJJ‘

TRMM Slojlgale o, oY game 5 obiyg,s i, oS 5 (VFe+) 0050 ¢ orol> (s «g0b Loyde LS awgy ol
FA-Ve () YA S of cbli> sloicngs oaisle plasl jo G )bes gloatas cds il38l jslaiea
DOI: 10.22069/jwsc.2022.19286.3477

© o 55 s ke 5 e S 0

oy



OlSed 9 b S (g Lo e [ e (5951 SV gz 9 (2l (39,5 SS9y oS

(olilgn 5 OF (tliales Slaal gl ey o S
odea (V) cul ae pgle 5 (S50
ok gbls Ok e slaelsale Sl eslanl
Oy S s Sl mads il g
ssba s e s bWl G, Sl S
(Ye) syls esldlyes 5 SlheassS sble el
Sl g, el G SLOsss sl b
Sl LOT 3l ablsss sladas 5l ¢ SoSe L as
Gble ;5 wiuse e Ol ;)ﬂﬁ 5 eSS
Sltalise sl glax=b =1 55 a8 glodls S @ gaS
V) S sh oslaiwl  (Lles eJ&S\J.; sladhi
BY) QL.NLL.ZV.:,\}\ S ol 3,8 UJ.:— S eboss
gl & gt e duee g OF 3l uag Slallas
5 ool atasgs s SSoskba (Y) sils il
oo 3l lasls by L5853 ol s
bl 5l eslizad b &S el g8 Ll
Sl 4 5ol odd gyl pai gl bl sdal s
sy bl Gl S s Jl s 4o sae
Solsphized BlE 53 Jaisyse owsas 350,
Gl bl la i, 53 (V) ol ol
OF GLbl b pslee Slie 5l e G sysl
Stz SIS a4 Sgsba sp8 e eslinl
daly 53 a8 das e S | S5 e (5 S el

(\ O)Q,w«\ sddesls OLLS )
Z =YL Ny, ()

ConS Coadl b 055 Aj sy bl Z 0T s S
ol 1 wsed psbne b Zyy 5 ol T 4500 4wl
53 Gobelopes il gla iy, cosls L(A)
i e e e e
b S el gl 55 ) Akl Se s
ol s b e S Sl [l il b jslee bl

oy

dodlo
ey 5 balash sliSopdee el 5l (S
Lile anm il slay iSOl psle 5 wlidlsn
SeaS ol il SOl e 4l oy 534S Ol
oS S ls Sl e dsb 03 sbS Jela
o313 35S o dMews el o3l ciils  slaolKny!
- S

5ol el wwes 3 adlae 5 e tas

sl olyen Sk
5 OLEass oelel ol ol o3 it
FoSe b s Kl S I ol ses pkige
el Sl Jol Sl 03551 s 4 8l
Solem Sla sy (V) Wlesy e (el
el BB Ll s SUL e e gl
ol dxdip 03B (bl bl se
3 eslial (Gler et e il sl
SIS (Lo Gbabss s Glolsle nslas
OVl 35008l yime 5 hol slaay S
s a8 3 ey Vb reulS bado Laolsals
S e sdalie Lol Ol G s |y LS bl
s She 3 bl slaetily SKs b
Sre o bbb 4 (S5 ol 5 edd (Sl
S e eolidlsa sbaalle (555 2 05,5 8 Gl »
S el b ik susl sl iy (V) das e
s fles 5 eag sdomy Gl lojlgabe ol
Cod e 5o SIShe Clsay &S ((0) Wl hms
Slcossd=e 5 AL Sl G ol
2 S Gl edtes sdalie 3 Laedonin
Seslial bocpl noesdle ol 5L (68 S
Sogon sdelasn gl slolpale slas
b hnd 5 e s LU Rl ply 5 00 o 8
sl Gaa (V) clls wals sddedalie 3L

05,451 s 4 lnolgale 5l eslizal b 5L 5,50

o 53 O 35 3 Mae (L sl 5l Sledibl



VYoo Y D)Lo.a.:} JA 0,92 4«5‘&9&,&7 cblas dl.ﬁ:u...\hs).p

3 03 3 e laesh SL3L 4 lash
5 dtls 3T O adbae )3 Lo 5L slaesls
@L; Ls S anslis G_'Mo\jl{ 3490 laesls L
G3505 Gesls S Llaeylsale S cl o KL
G @l il 5s0,Sb 5 503 Ossle Lall
aglie 4 (YOIA) 0L 5 5 .(VA) w481
(GMP IMERG) £ jorl s ¢l o (5t slaesls
~oein s TMPABBA2) £Y ¥ ol ol
sk > (PERSIANN-CDR) BT e
=k bl laarls 5l eslizad L oaxsls
laosls ¢ yoomes <=Lu" 03y b szl ool
(PERSIANN-CDR) i (65 oy 3=
LYoy e) obler 5 L,S ey (YY) Sl o3
Do Sheslaal b el ol 1 (5 leslsale et 3L
ladle L3 05k Ol 500 el O3l S
Ll Cewd A 4y g 033 e L) YOOY 5 Yo Y
00 =Y Ll ol ol Sl ANl S
5 el ((Y0) ol ol oylsale ol Cds A s
ol slaesls cis byl 4 (Y1) olKes
boesls Jlis 55 ol ol Sl 5 s (GPM) ol
Vo) Olnl e s o sladnl el ol
YOTY e by ey b (LB oK
I 3 a8 sls DL sdel s @y el s
03 (smebie 35 Gl Wbedizis &35, SOL polae JS
b sl Oy 5 A Slas e Ol sl
) clar 5 ol baalSa ] Sk sl 52051
S sladlae s (VEer) O 5 i
el el 5 sleolsals slaesls sl 03500 2 b
oslitul 4 I b Olge 4 Sledbl ol
G5 g i Ol Sl sl e 5 S
Gl s 2 e 38 a1 U S il
Sheys 00 LalS sdaasolis ue) ol Ju
R N W ™

og

RO 03 ke e 055 Olgsa abols Sl s
s b 3l s e eslital slis (6 ,Se Il bl
B I A B PO P C PR O PRCIR R
(1) 35 Jlasl Ol o abol osSas 3 Ol
Lo ollmas Sy oppes S s ip S
PEE S Somess ol (A) el S5 5
el Sl giledde 5 cxls o Jyl d>
5SSl e L, Sl &S s3ls e ke
dag Al o 53 e a3 o plil Lad i o U
S Sl Slawn bl slaw psne LG ol o
OLalS sl s (OT) 205 n e Lk o3
ol it o ot O S5 ey e e
S cal O 5 oh S eds b [ SaS gla e
b Ly ik g1 5,0 5 b ) o
L osduan o OLal S 5, )3 oS 5,05 s
e G Bk ot 050 S5 dlaly S 25
L Jseme LG 53 05 o (S5 laprze 5 o
ke Sl DT il 5 (2,8 5 sb D5 asiia
arw s J= 53 glay a8 (V1) 58 55l 1, Lol
Sde Vsb bl shls eelKan! sl Wl o
sl S gla iy, Sl eslitul wod SKl e
05 5 ol Oldlae L ASL Coenal (glyls Ll g5 o
S G SV won 5 0L et S
(YY) OLen 5 J S,y il o 55 oS a3 S
Ol Gl e slaesls bl & s s
5 MMPA3BA2) £Y T (sl ;o 5 (CSFR)
sbedle ©ly 2505 Ol a4 e OLL slaesls
Sl gl s SlaS 03l bl 53 (S50
»B(TMPA3BA2) £Y Y (ol ¢l 5 € 5
Ot 5 Mk e OLL Sl el o 5w
Some Jdoed esls 5 0L sy g5 55 a
b gbeedls Wy o 06 o= 4 CFSR

53 (YW) 0L 5 e g (YY) sl o ltng,



OlSed 9 b S (g Lo e [ e (5951 SV gz 9 (2l (39,5 SS9y oS

G e Bl Saa b ol lash ke
s S bl Ol L el
3 ey el Shal Sl e Gl 2LOss
Obhaisle 53 SLosss sla by, O Sk
AL 5 ol a3 ey S5 How
et 4 g s eslandl J(ASW shils g 2,
5 2pd e ol SLOgys i oo elale 5l g
Bpdsr on S bl Olss a el sale
S Ol o b s lags S sbe
ssbea SLosss b tss boglolsale pslas
FEB S s OOL G e 3 L1

W <=l>,._}\ Oyl ol 53 sk - sladis

By, 9 3lge

i skS YIVOUE 2l L Ol Ol

sy Ol A3 VAT sl e 5 ol
Sl esSad, el 5 o sbos cper s &S ol
gl e Ced 53 5l e Saniy sy sl 13
Bl oS ol o5l 3 gm | acdie o8 S Ol
3 3shm Ol S e Ol Glos Casby s
S5 O S bl by ey el
slaze a5 Of 55 opl w Jolb 5wl
Lok ol sle s ol 0 S5 bl ol
GBS IS e Gl S ads s 4 Ol e
(AS s by Koy gl Laol
Ol ey 5 dasie (WA (2 o e slasly
Jolse Oho 53 3l Cond o8 5 et Glsa oo
3 e Wl 5 0I5k slos dassS [iE el S
5ol b okl glm 5 o s Jalpe ol
K 5 esS Lz sz 4 a5 L 0L slsa
el 3 Slen S 5 b e Jdime g8 55 4
OF Glaokml Jolu plis)) oS (15 53 55 0

B J.X;'M 6UAQLL~.A) d\)\b 5 o> fj‘*’ 9 rjf

00

et by b s Ses sdasil S e s
wle 5 gl wls dons A0 VL Olabl
Glaesls 5l eslizal b as 5 O 515 Coadad oo
LI bl Olge ol ol Sl 5 el 3L
09) el

Sl aslie 4 Y0V O 5 LS Auy
Sis S S o Sem S boss S
ol Gl OLaS 5 ol WSe
Dt &S izl 0Ll Okl il opas
Gmaw ot OLsIS B, eon S50 SR
als 0l WOl Jtass mls peares i Sl
SeS e Olge 4 CU‘?J‘ e 3l aS sla A,
oy Jig; Sla By 4 Caed LS e enlixal
5 obsS (Y0) 55 eylal Wl s s 5V
3 s S Shelid L (V) oL
53 ook Ll 4 (S S el e,
Sy ey Bl mls sl When  slae S
Loamlie 5o aVle ool 5505 55 esle Sy S
5 Hel 08) sl e s Shes a5k
slabe S,L 5 by 5,50 ¢l (YY) O Kes
el 5o, K S sla i, 3l 4 5o
allae 3550 adlaio 53 33 OLE gl (i S eslinad
Sz S oo S oVl o3l il sla s,
A7) dces Sewls sy,

wpaid 4 S D50 05058 Slallas s
S e 5 2L0ss slais, b ok eSS
wonipd palr larlllas O pSE &S ) o Jiiay 90
POl DVpame b SLOsse lafss oSS
ol el 4 a5 bl w3 S5 el (gl sale
0 ook @ Seslll laelSanl OlEs 5 ¢ 5 e
Ol ay s axdlas LAk Okl eli )l bl
Ol

Sl o S el b By,

ed A e e B o0 sl Ol


https://fa.wikipedia.org/wiki/%D8%A7%D9%82%D9%84%DB%8C%D9%85_%D9%85%D8%B9%D8%AA%D8%AF%D9%84_%D9%88_%D9%85%D8%B1%D8%B7%D9%88%D8%A8_%D8%A7%DB%8C%D8%B1%D8%A7%D9%86

YEve ¥ D)Lo.u.:} A 0,92 4«5‘55&,&1 cblis dug}‘*&’?r’

s 3 oozl b bela) il o pdle e
sl ey QLS ) Jads s asl 5 2S5l
okl AL sble O Jeds= Wlal o (Yo) el
s il Jbiee 5 b el GBIl
T - SCH S P BTV
oon b AS o S 3 SS A 5 el e
Cr 45 Q=Y \A) eyl sbl oy0s
STIY bl daisy amlis mls ) Olyebl
53 aelKal (glassls O34 JeoSS 4 a5 L YN0
ol s s, g rb.;,l Sl dle s ol
S o oold ailS s 4 g Lol
Ol ol il Ll 5 okl 31555
L il sbeelan] Sl slaw 5 bk
L bl ol )l s o sesr 4 cdeddy 0,00
sty Gk b kel AL e sl
s 31 Grames 5 Sleslsale pslad < SLOsso
Sl ol iy, 8L ol o Slsds
et G 5 Ol Al S S

AL asls oled ool oldlas Cg s

a3 e 2 O‘Jﬁg@ Sk S cwl by
5 o sl s O Gl Okl sladkea s
3 P Cemss (D) cul b adas
S Sk asis L s oS S
S gl S 4 &S o odzmg Sl L Okl 5 2L
Sl esS Aty S bys e S sb e glpe
Ll das oo 75 Ok alasS 55 5 LS 0 oS >
Qijlmjosﬁawwmi»tu})lgﬁibuﬂl
el asd e alS L SR 5 el sl
e Sop et Libcss 5L clels )
AOV) cl g o
bty 2Ll sbuly 5o 5 Bide ey o
YV laesls 31 ol Olial ool s calishs
Ol bl Olole St g oK
Yo dlale loslgale et YE 515 5,0 Syl
Ry \rl ol ol 5 selpale VL gloylsale  puas
Cond il esliad s SOL slaesls (glyls
ol o3ls OLES ) Ul s eslinal 3540 (glaolSany!

sdaline LB Y K5 s Of i8I, azs 5 el

51'0"0"E 52'0]'0"5 53'0"0"E 54’0"0"E

37'0"0"N

3 A
]
36°0'0"N

1

35°0'0"N
1

0D 1530 60 90 120
map Guide HHFE— __F—Kilometers
@® synoptic
@ nrain gage
Topographic map (m)
Value
- High : 5591

Low : -30

51°0'0"E 52°0'0"E 53°00"E 54°00"E

O3 Ol 3 eslizal 540 wlidlsn ol Ko Candge -\ S5

Figure 1. Location of meteorological stations used in Mazandaran province.
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Table 1. Location and the climateof meteorological station.
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Table 2. Semi variance analysis parameters of rainfall in Mazandaran province.

e Je Slaskas 3 sl b aals CiCHC0) RS oo J

Model nugget (CO)  Sill (C+C0)  Effective range (km) r? month Year

Exponential 0.1 0.4 40 0.7 0.8 ol 2012
w0

Spherical 0.06 0.8 35 0.9 0.9 Jan 2015

Exponential 0.05 0.11 70 05 0.8 g 2012
)

Spherical 0.01 0.4 33 0.9 0.7 Feb 2015

Spherical 0.06 0.17 65 0.6 0.9 5 2012
o

Spherical 0.007 0.3 25 0.9 0.9 Mar 2015

Exponential 0.04 0.11 69 0.6 0.99 & T 2012
205

Spherical 0.05 0.1 60 0.6 0.8 Apr 2015

Exponential 0.001 0.7 75 1 0.8 2012
s°

Spherical 0.07 0.1 72 05 07 May 2015

Spherical 0.1 0.9 70 0.8 0.7 L. 2012
(S5 5]

Spherical 0.05 0.1 80 0.6 0.8 June 2015

Spherical 0.001 16 28 1 0.8 . 2012
=90

Exponential 0.04 0.3 43 0.8 0.8 July 2015

Spherical 0.1 15 26 0.9 0.99 s 2012

Spherical 0.0001 0.06 42 0.9 0.8 Agu 2015

Spherical 0.2 0.8 67 0.7 0.99 - 2012

Spherical 0.08 0.9 65 0.9 06 Sep 2015

Exponential 0.1 1 45 0.9 0.9 J.;sf 2012

Spherical 0.0001 0.2 35 1 0.9 Oct 2015

Spherical 0.1 0.6 22 0.8 0.9 i 2012
PS4

Spherical 0.09 0.6 20 0.8 0.9 Nov 2015

Spherical 0.07 0.7 35 0.9 0.9 L 2012

xre

Spherical 0.05 0.4 29 0.8 0.9 Dec 2015

Exponential 0.03 0.09 30 0.6 0.99 -y 2012

Spherical 0.03 0.2 34 0.8 0.8 Annual 2015

E
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Table 3. Correlation results of monthly and annual precipitation with covariates.

TRMM z Y X " w
r P-Value R P-Value R P-Value R P-Value Year Month
0.28 0.22 -0.27 0.22 0.04 0.99 0.07 0.76 2012 ol
¥
0.57 0.01 -0.39 0.08 0.60 <0.01 -0.60 <0.01 2015 Jan
0.11 0.63 -0.04 0.87 -0.13 0.57 0.31 0.18 2012 o
205
0.64 <0.01 -0.28 0.21 0.47 0.03 -0.61 <0.01 2015 Feb
0.53 0.01 -0.13 0.56 0.22 0.33 -0.49 0.03 2012
ol
0.07 0.77 -0.35 0.12 0.17 0.45 -0.29 0.29 2015 Mar
0.58 0.01 0.81 <0.01 -0.37 0.10 -0.33 0.15 2012 ool
0.50 0.02 0.34 0.12 0.03 0.90 -0.63 <0.01 2015 Apr
0.48 0.03 0.36 0.11 -0.17 0.46 053 0.01 2012 P
0.55 <0.01 0.32 0.15 -0.08 0.74 -0.52 0.02 2015 May
0.35 0.12 -0.16 0.48 -0.04 0.85 -0.33 0.14 2012 ~
0.12 0.61 0.31 0.17 0.38 0.09 0.01 0.97 2015 June
0.32 0.15 0.12 0.61 0.02 0.94 -0.68 <0.01 2012 ..
An 9
0.43 0.05 -0.51 0.02 0.27 0.23 0.17 0.45 2015 July
0.54 0.01 -0.59 <0.01 0.59 0.01 -0.56 0.01 2012 o ST
0.44 0.04 -0.28 0.21 0.22 0.35 0.04 0.85 2015 Agu
0.05 0.82 -0.26 0.26 0.12 0.61 0.15 0.53 2012 -
0.01 0.99 -0.02 0.94 0.11 0.64 031 0.16 2015 Sep
0.29 0.20 0.07 0.78 -0.13 0.57 0.31 0.17 2012 s
0.62 <0.01 -0.48 0.03 0.58 0.01 057 0.01 2015 Oct
0.58 0.01 -0.52 0.01 0.41 0.07 -0.26 0.25 2012 iy
PS4
0.59 0.01 -0.48 0.03 0.65 <0.01 -0.65 <0.01 2015 Nov
0.02 0.92 0.71 <0.01 0.53 0.01 0.22 0.33 2012 L
e 2
0.59 0.01 0 0.99 0.45 0.04 -0.44 0.05 2015 Dec
0.29 0.20 041 0.06 0.27 0.24 -0.26 0.26 2012 N
oYl
0.56 0.01 -0.46 0.04 0.57 0.01 057 0.01 2015 Annual
Jf.b r\ r\ )| t}j M )\ 6\5)\}&[» J'.'.)L“m“ Cnﬁlg_).) g_,.:sj.'; QKA‘ WaaBBs J:‘A}}:’. U’ll g;k'é‘ il )‘
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Table 4. Regression equation for modification of TRMM precipitation network in Mazandaran province.

Ju obe n e 0ol B g S ol e
Year Month Regression Equation of Grad4D R?
2012 o5l P=-683+11.5 LONG + 2.5 LAT -0.0126 z + 1.07 TRMM 0.2
2015 Jan P=-132-14.6 LONG + 26.1 LAT -0.0166 z + 0.316 TRMM 0.57
2012 s P=-847 +18.8 LONG + 0.7 LAT -0.0022 z - 0.70 TRMM 0.1
2015 Feb P =920 + 5.3 LONG - 32.4 LAT -0.0236 z + 0.867 TRMM 0.61
2012 ol P=249-1.12 LONG - 3.8 LAT -0.00750 z + 0.561 TRMM 0.34
2015 Mar P =1381-8.92 LONG -22.7 LAT - 0.0152 z + 0.069 TRMM 0.26
2012 Ji)ﬂ P =420-4.58 LONG - 4.7 LAT +0.0157 z + 0.145 TRMM 0.73
2015 Apr P=1309-17.9 LONG -9.4 LAT +0.00817 z - 0.025 TRMM 0.49
2012 P P =1372-9.19 LONG -23.9 LAT + 0.00204 z + 0.250 TRMM 0.46
2015 May P =1400-14.4 LONG -17.0 LAT +0.00220 z - 0.69 TRMM 0.39
2012 s P =2602-9.6 LONG - 56.8 LAT -0.0169 z + 0.774 TRMM 0.32
2015 June P=1123-3.66 LONG -25.1 LAT +0.00351 z + 0.85 TRMM 0.18
2012 55 P =3222 -23.2 LONG -54.0 LAT -0.00820 z + 0.424 TRMM 0.56
2015 July P=231+1.4LONG -7.8LAT -0.0213 z+ 0.900 TRMM 0.36
2012 w};. P=1079-21.2 LONG + 3.0 LAT - 0.0218 z - 0.450 TRMM 0.70
2015 Agu P=534-5.15 LONG - 6.9 LAT -0.0089 z + 1.62 TRMM 0.26
2012 ol P =-2638 +23.6 LONG + 43.6 LAT -0.0159 z - 1.37 TRMM 0.16
2015 Sep P =247 -24.0 LONG + 28.6 LAT + 0.0036 z + 1.02 TRMM 0.19
2012 J’“S‘ P=-226+5.6 LONG -0.1 LAT +0.0059 z + 0.71 TRMM 0.11
2015 Oct P=-584+21 LONG - 16 LAT -0.0851 z + 1.82 TRMM 0.62
2012 ol P =-2008 + 10.8 LONG + 39.5 LAT -0.0335z + 1.46 TRMM 0.55
2015 Nov P =220-21.8 LONG + 27.6 LAT - 0.0246 z + 0.316 TRMM 0.72
2012 alas P=-1335-0.1 LONG + 38.7 LAT -0.0523z + 0.812 TRMM 0.62
2015 Dec P=-1101+0.33LONG + 30.1LAT + 0.00747z + 0.887 TRMM 0.39
2012 Sl P =7980-53 LONG - 123 LAT -0.158 z + 0.42 TRMM 0.27
2015 Annual P =4566 - 89 LONG + 14 LAT -0.182z + 0.77 TRMM 0.67

1w
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Table 5. RMSE and MBE values of interpolation method for monthly and annual rainfall data for 2012.

TRMM S S ol S S5 S £ 03l S
KRG IDW Grad4D oo
Month
RMSE MBE RMSE MBE RMSE MBE RMSE MBE
.
40.4 0.7 435 6.3 43.2 4.4 37.3 0 e
Jan
56.8 -15.0 59.4 7.3 58.5 8.9 52.4 0 od
Feb
ool
23.4 -10.5 21.7 28 21.3 35 175 0
Mar)
1
14.5 0.6 18.4 7.0 20.0 -8.0 9.2 0 s
Apr
15.9 -1.6 16.6 55 17.3 6.3 12.8 0 d
May
28.2 8.0 30.2 53 31.0 4.8 23.7 0 o
June
30.8 -14.2 24.2 1.3 24.7 6.1 19.0 0 2
July
e ST
28.2 -15.4 28.9 5.1 26.7 6.7 15.0 0 #
Agu
L.‘.'vw
58.0 -34.1 60.8 -11.8 53.0 -11.5 414 0 74
Sep
<
73.8 -64.4 436 6.8 39.6 6.5 35.5 0 =
Oct
.
65.4 -15.8 82.0 -14.4 80.9 -15.8 51.0 0 i
Nov
(W
63.2 6.5 63.0 -11.6 63.0 -13.8 37.7 0 s
Dec
N
305.1 -187 278.9 22,5 2718 -26.7 214.4 0 N
Annual

¢
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Table 6. RMSE and MBE values of interpolation method for monthly and annual rainfall data for 2015.

TRMM Sy S dol S 555 ERTSE SN
KRG IDW Grad4D ole
Month
RMSE MBE RMSE MBE RMSE MBE RMSE  MBE

N,
34.1 8.2 40 4.8 40.8 6.6 26 0 e
Jan

325 15.0 27.8 0.7 27 31 187 0 ol
Feb
Lo

28.8 6.3 20.1 2.3 22.7 -3.6 18.8 0 o
Mar
1

24.8 6.4 27.7 0.4 26.5 2.2 19.0 0 s
Apr

11.4 0 12.5 0.2 13.2 0.1 10.6 0 d
May

29.1 -20.3 223 0.2 23.4 1.2 18.3 0 o
June

34.1 2.7 46.6 7.6 43.6 8.7 29.9 0 e
July
w51
33.3 -20.9 30.6 3.2 311 1.3 24.4 0 #
Agu
L';v-ﬂ

59.9 -36.1 50.3 75 46.7 7.3 39.1 0 7
Sep

<

1105 6.1 146.1 5.1 143 -4 83.6 0 =
Oct

.

41.6 -19.1 36.5 5.3 37.7 8.1 24.1 0 s
Nov

(W
26.1 -13.7 33.1 4.3 322 5.6 21.2 0 s
Dec
N

246.4 -56.5 339.1 -14.6 291.4 -8.6 181.1 0 N
Annual

v
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Figure 2. Regression analysis of different methods of locating precipitation data for 2015.
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Figure 3. Precipitation map of Mazandaran province, with network data (TRMM) and 4-dimensional gradient
method (Reg4D) in 2012 and 2015.
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