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EXTENDED ABSTRACT

Introduction: Atmospheric precipitation, especially rainfall, is very important for hydrological analysis and
design. Due to the dispersion of rain gauge stations in a region, there is a need to use rainfall estimation methods
to generalize results to points lacking statistics. Various methods are employed in spatial rainfall analysis, among
which interpolation methods hold significant importance due to their consideration of spatial correlation and
structure of data, compared to classical methods. The choice of these methods requires validation of the methods
and the proposal of the method according to each region.

Methodology: Golestan Province, with an area of 20460.7 km?, occupies 1.33% of the total area of the country.
The coordinates of the province are located between 36°24' to 38°05' N latitude and 53°51' to 56°14' E longitude.
It is limited to Turkmenistan in the north, Semnan province in the South, North Khorasan province in the East,
and the Caspian Sea and Mazandaran Province in the West. The height of the province ranges from -26 m on the
Caspian Sea coast to 2500 m on the Southern Heights. The present study evaluated some of the internal and
geostatistical methods (IDW, Kriging, and Spline) and selected the appropriate method in estimating the monthly
rainfall of Golestan Province.

Results and Discussion: In this study, the semivariogram model was employed, and based on the variographic
analysis, the exponential model was identified as the best theoretical model for the semivariogram. The results of
the three IDW, Kriging, and Spline methods, evaluated using R?, RMSE, and NSE indices, showed that the IDW
method performed weaker than the other methods. The IDW is a deterministic interpolation method that estimates
the value of a cell based on the inverse distance from the surrounding sample points, regardless of height. This
method is based on the fact that in an area, the effect of a parameter on the surrounding points is not the same,
and the closer points have the most impact, and the farther points have the least impact. As the distance from the
origin increases, the effect of the parameter on the points in the area decreases. Therefore, good results cannot be
expected from this method when the data is highly scattered and dense. According to the results of the evaluation
indicators, the IDW method performed very poorly in the rest of the year, except for the month of October. Among
the two methods of Kriging and Spline, the Spline method has a higher performance according to the evaluation
indicators. According to the results of the evaluation indices, this method has the highest level of performance in
the months of March, April, September, October, and November, and the lowest level of performance in the
months of August, May, and July. In terms of seasonal performance, the highest efficiency of this method was in
the winter season. The performance of the two methods of Kriging and Spline in estimating the rainfall of

*Corresponding author: Habib Nazarnejad

Address: Department of Watershed Sciences and Engineering, Faculty of Range and Watershed Management,
Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.

Tel:+989141465493

Email: h.nazarnejad@gau.ac.ir


mailto:farkhondeaghajan@gmail.com
mailto:mehrnazjavid.22@gmail.com
mailto:mohammad.javanmd@gmail.com
mailto:h.nazarnejad@gau.ac.ir
https://orcid.org/0009-0005-7225-5242
https://orcid.org/0009-0006-0710-260X
https://orcid.org/0009-0003-8457-4289
https://0000-0001-7672-5794/
https://orcid.org/0000-0002-8490-5135
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html

[ Downloaded from jircsair on 2025-08-01 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

2025, Volume 13, Issue 1

ISSN (Online): 2783-1531 - ISSN (Print): 2423-5970

September, November, and July had almost the same results. The use of derivatives of the Kriging method, such
as co-Kriging and optimizing the weights, helped in obtaining better results. According to the theoretical basis of
the Spline method, the results of this method are more valid in low-lying areas of the province.

Conclusion: Rainfall stations in some regions of the province, particularly mountainous and southern areas, have
a sufficient number and density, while in several regions, such as the northern and plain areas, there are not enough
stations to estimate rainfall. To increase the accuracy of rainfall estimates, it is suggested to divide Golestan
Province into two homogeneous regions, including plains in the north and mountainous regions in the south of
the province. Using the Spline method for the plains and choosing the appropriate method for the mountainous
areas of the southern province is highly emphasized. Rainfall estimation models based on high spatiotemporal
resolution satellite imagery can be a suitable alternative to interpolation methods.
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Slelome; 9 (2bogsd e,

9 Aol LusSas slabg) bl dler 5l 45 Ked o et (g)lel o) 5 (orbab At 93 4 SISe o 3 bgp slagts,
2 8 adlas 5 oddipll mlie jopeds dngs b Limedy cpl j3 aiws (Ordinary Kriging) * Jsexe Kz )S 5 (plluwl (IDW)
A5 oaltwl gy dw (pl 51 obygyd calidre sla ey ope il bl L]

(IDW) (5555 dbold oSz
bls o cosl cpl 3 b9y cnl 0258 ol Jlgtl (gSiae dlold ol & cunl (9byg)> gy e (IDW) (G alold (gSae
@ Cud S0k Sl Bged 4 S Sy SRodpled )15 (B9 S laiges LB aly )3 2k 1 (e S slaiges
sl cuslio b o B Jolo (19 Wiges IS Sl adlold (Ll & aslyd )3 by cnl 0565 (o0 LIS cl 1 )93 lausin
gordodlsy (55,1 L )jg cupd Jshe o 4 ol i o o 9 39850 03w pglome JuuSi b iy 5o Al g,
ey By (bgy ol e Canst )l Gig ke 5 ales LB sl byl @ex b e ple 6550 Jsho (35)) Coles

il (V) datly g0t 9y ol wipsS (V) 8065UL0) S ol (55 03l (2 L)l 4 bgajo sy 1 Sz S
A= (g_) R o)
el m3yig o Jpeme 4l g pll i b g Aiges Ay Aol Dy ¢ Soluwon plasd Do ol diges alais 55 A 2395 okeo 3

O]
2 diwge Glatde b glales s> slagmw jl oolatwl b diges polie o ol (5310 51 (Y dlaly)) Jogome bl polie cplluwl bgy 40
Ly oad (gl paiged sloosly olie 5l sl (2biig)d @b oo (Gl sl lgil opo (158 93 1 &S Wigd o dy9l Joolsd (slo
Silser Sligyd sl ixie plliwl @lgs Al Jlsen g Blo 86l ygo > Bl (b @b Gode (¢S e L (1 508
S5 ol Uitz 315 Sblags 5 S e > UL, 4o slidansiz slaclisgs o GlS 1 45 038 15 )

LY o) Sen g (uel) a0

" Inverse Distance Weighted


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html

[ Downloaded from jircsair on 2025-08-01 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

(V¥ Y als ) o)les) olyb Sl ok sladilobw A

Z(x.y) =T(x.y¥ 24 R(,) "

=

O )l gl (5535 g9 4 a i LT(XY) o R(T) cpli dg0d alads 5l alold 1 ¢ Jas clsleo oy o pus Aj cdiged bl slass N

g ploxl odlitul 0,50 &b g5 4 425 b 90,8 (nl )3 (Sl 2900

Koz S
f:9lmCJLab'ngJolﬁj)iia)aqﬁfolo@}]obmlLgl)H.me;‘..ab’mLUEB)AWQ)]ABAJM@J?S@JMIGS%
YBLUE) o)l (s S35l ooy 5 ol sl (555 Syt (50bo (3late 2 45 ol (0038 gy o Stz S gl oy
03j (eSS Jade 2 slila Oﬁ]){ta. .A)f Ao nguc Iy C)i Llagye s dwess ja sl &l Qg.l ‘_'j b s S el
YAD )Sad 5 i) W5y (V) dlasly SaS b (8 cpnosd ol 0500 dumla |y liselol dialsy g5 o 00
Iy = i/L.Zv,. (¥)
i=l

b5l s as L
byl lapasls s gl L@J AU b alis yl5ee g lialie 5 (gilwand yolie awlie » Jio obj)l sl asls

S50 o)Ll sty 5 s Slayyo (uSilis sy ciS3Lom L5 sl &y s e

ENCC WY

i Coleg o e B o oy ol JlaEe g amd o )lis 1) 0l jlwdnd ¢ (slodnlie pdlie s Bl TNS) CalSGlum 55 oy
(Himanshu et al., 2019) cusl Jao lawgi od (ilwand odiadlis +/0 1 i jlade (F alayly)) 05 0
E?:l(me - Qsl’)z
;1:1(Qrm' o Qm)z

Gl Slalie polie uSle 0 9 0B g i Hlde Py wodnlive jlade O «alSSlom is o b a3 ls NS : 548 dloleo o

NS=1- (¥)

o3l _Bly yoolie 5 0ad 35905 polie o olds dunlxe Sy &S Canl bt e85 SSS G T(RMSE) las Slayo (165 ko dido

' Best Linear Unbiased Estimator
2 Nash-Sutcliffe Efficiency


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html

[ Downloaded from jircsair on 2025-08-01 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

3! e (SN 35912 (S 9y (iaw L]

) Samlie lmodls b s gilodnsd slaodly  Sivwed g 1S o (6503l0l 1) pite 93 o (Jad bl ol5ee Y(R?) s o
(WA cphlSan 5 (6y98) ol juite (Sl pa0) S0 B (9B BB 1) o Sl (s oy 0390 (7 alasly) a3 o LS

F 1
RZ= i, 0-0)Pi—F) (%)
‘J'E,ft:ltﬂi—ﬁ)zz?:l(?rﬂz

g 0 oo ol CuiS ] 3l oalil b g e 03y 4 I it SIS b5 gu i (sly a5 ol Lol paoj 53 (63l Les paskou
Loy o ] Wodld SIS0 (63,5 ol 01 s Lod pusiond wee (sl Shg jl (S g oo 030 L odly S | Siuson
@S (63,5 laedls ) 4 05l glie Cilises (clacgs 5 Lod puiins pl dtald a5 o 5 3505 i ciliske (gliwly ) g0 |,
(IYAY (5l50 g (00,S055) Gl caliseo slacas (0 (Kedl odiad lis 48 3o o

Sl s S 2 b i o985 (sl e Dl sl JIS,5T biygyd Sl plos 3 o bl g s piion lasiida
o5 Joo Ugons 5 391 sl slave (S35 13 (258 (slod s 590 00y (332 gy Cpgo 3 ol dinly din (S0355 0 (08
b S 31 g Canl caslio (69)5" Jdo o2 g ol Jdo o Al atily Jad <S> she (055 0 (058 (Sl pusies ST Gl el
Jae s oles Jae clls Sy oyl p3 487 alad ooy alol (0 1y bl amd oo g |y Lod pusiins adgl bl slave | 4 cuuians
WAV cg)lizen 5 (g0 S035) Gl icuslio (59,5" Jio S alaB | lels pgugd Alols 390 p3 Lad 519205 (i 3,0 (59,5

2909 1) )3 50 1y [0S, & s lmoals (585 )15 g g alold oS S sl oy bl 63 (2l el sl by,
b9 el 9 o0 bl ol Julod cunlie SlSe 1Sl 2929 ©j90 53 9 295 00 (o) o3l (o S0 LSl 3929 pac b
Sy ke (eS pgd dloya 93,5 0 ygo plSg)ly Jlod SaS 4y oS e SO 5 (gilore Jol Al po sl alsye g3 ol
oS 1 00l pSgs s sy 1 Lol slaodls oy Sl Starad 313 ol (gl ysbito s sl (5 lolipmo) ulsy gy 45
ol o 03591 Y Jgan 53 Lad peskipess ol

Mo 508 olwly Lol yusiins oy e b 02kl GS+ laysee ;0 GEOSHALIStICS aobiyy jl balas ot Judoo jglaiody Guiss ol 5o
ol 9 5 o Sl Ty modly (63, Sikanls b (63, Soluad 3535 Wolad s sy ot ] 5ol 5 Loy 005 2yl sllas gono
B2 o ) ooy o o iecslin il Cilike Sl 5 LS55, (slbosly iSiom § s &8 s 039 3,5l Lo yuss 5 adllne
N8y SaS 4y (6 )la5 (698 (e ol 0 Pl V Jgdo lis Bl adllae 390 (slrolStun] allale (slaodls (gl (g 3,90 Jio
Jlize o il golis 5 (CICHCO) GlSe canls (5 (RE) (Stumad oy (b i v (S0 53 Lol s
Foglas sl FSua5 S 4 ojluls ol (C+CO) byl J54 (C) iy sl (s JS s (SIS0 Lo canslts Ay
01553 Sl Sl (sl okl Cnsdy (sl yiolyl 4 dngs b 15 ool plS ety cyyite ! (6l Cama ol 5} o gl s e
56> solo sly )] 51w g (3l das )3, Iue (S35 50 g oddggpd Slatse lae I Jse ) (ol plSalg Jlo 5l olo 03 (sl
S Lo o 103 slaole y3 g sl Iy Sl sl (i e 9 g ) Jgde 4 i b b Sl sl S0y 500 05
855 )8 Dbl 2y90 gy nl oo g ploxl gy dw b (2biigy Pl ey Jie GBIl cunl caslie

" R-squared correlation


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html

[ Downloaded from jircsair on 2025-08-01 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

(V¥ Y als ) o)les) olyb Sl ok sladilobw Ve

P 3L e (61 Lod puaki o i (S (om0 —) oo
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Figure 2- Rainfall spatial distribution map using the IDW method
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Table 2- Performance evaluation results of interpolation methods
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