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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
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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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Table 1- Evaluation of different semi-variance models for precipitation
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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

e )

sl )

IDW 5,

R? RMSE NSE R? RMSE  NSE R? RMSE  NSE o
0.65 12.19 0.62 0.89 6.71 0.88 02 18.68 01 0908
0.44 12.75 0.37 051 11.41 0.49 02 17 -0.11 Caigd)
07 7.07 0.65 078 6.15 074 031 10.9 0.8 NI
0.59 10.94 0.48 057 10.9 0.49 0.41 13.49 0.22 %
0.34 12,91 0.23 05 11.56 033 013 15.69 -0.12 23,0
0.85 6.92 0.79 0.87 6.1 0.84 0.38 14.81 041 YN
0.75 11.73 0.74 0.84 9.61 0.83 053 11692 047 e
0.66 1455 0.61 0.68 14.11 0.63 0.42 19.04 033 ol
0.63 18.99 0.42 0.83 10.98 08 021 28.19 0.1 N
0.67 10.73 057 0.79 8.16 0.75 04 13.77 03 ®

07 16.56 0.64 0.78 15.01 071 0.19 26.34 01 )
0.68 14.74 0.62 092 6.77 0.92 0.23 21.02 0.23 RV



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

[ Downloaded from jircsa.ir on 2025-10-30 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

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

0995 > S8 e ) il 039 oYL 3 Sdas (gl Y gt e jd 55 Juad Jai el aish 1) 5, Slas pdaw oy 508
STyl (S)b lude 5 aidly aesdnS bole 51 30 ddllles opl j0 &) 484 sla iy, Siiud (aSSnS By g omesd i
sloolo ;> (S0l 3590 (sl gy 3,8ae skl Mol 5 Sz 5 ) 9 sl JSBE o35 (3058 a8l Jlao ) S Laelo
psio by Soomy 565 ale Koo S gy Ol jl odlatwl b g5 o IV Y Jodo Canl polie azes (gl L.g)mﬁg bl yg a0
aSepl a4 ang L (WA o)) Sar 5 00l juul) L] Cowday oy ol b oy bt cusly Hlasl ayje 90,8 diae b g glas)l (SeS
il lamis o dad o inled 1) (gladblre ((gam 99) (oxdaw (slad S ales i dolas (pl g uS o odlatnl Wrales i 1 Mo
) 5 el ol 45815 gy s &0 Cop o5 il 2055 blE anlin 33y 5855 5 > b (el 355 300 LB
5 S bl Su)b el (WY (Kan g £5l5 5 WA ()8 5 ) Cunl Hoyen p ddlain o5 Ll jI b,
5 SNb ddlaie § 5 Cunl e &S g ybay Cuwl 8)148 g4 5l Ll ad o Jogasds LS bl g olpl Wil S de
28 &) (Sl lade 5l (B3> 5,0 15 0d (2l slats) il uedl S0k £sbg pas i ] 4 Sioj dlold S
SYL s ] cwl SbunsS g4 5l dalaie 81,5555 Cunsg oS dblio )0 ojed balpd cpl (WA () Ken 5 pado s yaiag)
OleMbl ay (o yiwd pie el il Jlad b> (g5 oeds bl 5l sl yion 1> (oxw )l laolKiw] cunliol (ST, 04y o0
azily 37,8 brdan 48 sl 585 hgy SO d9mg pae obe (sl ey Codgise 1303 .l odd S polie 3,91y (¢l 3
ailato o (gl caslio B9y U055 S8 (o 3590 U9 ez ke (Sl ysln sl 1WA () lSem 5 paieg s pinac) il

5 5 Ao
Pl il il (S0l ite S @i 205 3 5l ) g 2l ladsy Sl B @b delis Ban L tmghy
DY & sblie By 5 ol oYU cuenl Ly OT plio 5 o)) ¢ anb plo calise Sldllas 1 (S0, (slaosls .cé)F
5 a5 ) (S,L 51 Ll g canlio SleMbl baolKis] ol 991 ol 036 L g (wlislon slaolKin] (3gs siile Ciliseo
Jolge paasi 0558 S Julod (gla ybgy el p Cund prlyd o (g5yd0bn Kl oleodly s gl Casd el
S Slj B ool Xy (00 )3 4298 3)50 ddlllas 350 dilaie aw 39800 (63500l Laoliun) LIS 1> &S (couldl 9 (Sjglgy0
sl ybgy Cdd Liagh cpl 0wl Hlayed p slofsg Cuodl | edgr 1S (6,5 0ilul blE dlaxi g Wbl musg adllas )56 ddlais pdaw
©)go GS+ 5 AICGIS Jl3aley S8 ay )k dllo VO (5:0ke Jilos 5 4125 sk 5l 2lj)) el 9 48 (2bjyl (2bpgy® Bise
Slanal g o)l gladlate i Canl o3litol 3)90 (sl ybgy plo 4 Conmd Ml 395 (YL LB S0k Simgdy ool b cé)5
@ bl Bble (S 50 (ol ol o)l adhaio b sriuwyhlb (ool duss b ostiiue aaly (5,6 35000 b b
Slasy bl (b3 g (Jlowd (2le aile bl 5l (olaxi 3 g cawlio 5815 9 0L5 sl b bl G g JliwnsS” Slg (ogas
I $omle 9 35290 sosls Sl 1 3Vl jolie 350 (Ul oMol 9y &Sl Sl )05 0529 ok y9l e sl B ol
hoesd ey il eolitul Cuenl 4 dxgi bl SYL L1 ail cuslie ol 531,53 a5 dblio j5 3l 1) 59590 0ald Jilas
@ dogi b gl plonl Allis yawds dalaio ja (gly o900 Slb ey 5 D9 i (Wb 5 (SliudsS (Ko dilaio g3 4y bl
wbad il ) s b sy bl ) cul b sble 5l i (xiw b solKiw] (i, bl Sluags sble s 45yl
ol 0956 g w15 caalllan )50 dilaiec it £ g L (biig)d oy b b labyy oo dg cel Gl
2 p3Y 8 s I dily (SN S50 Jelse 4 (S)k S oS el cuslio gy )1 (Sglite €83 (6550510l bl
dilais 4y il |y Sittaag o Sis lom g T b (205 adlate gl i sla b, ol sl ddlaie b culito 2, g8 e
W5lgS oo M 0y95 1 g5 Sloj g (SKe 5y a5 clojlgale polal Al p (SH,b 3y0lp (laJse I edlil > puens ;500

Sl obiygyd slagbsy Glp 9t il


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

[ Downloaded from jircsa.ir on 2025-10-30 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

)Y e (SN 35912 (S 9y (iaw L]

M Ol Yo

88l L5 LR 5 Jstue ol g b aslSe )b 5l e cul 55 o edlatul ol 5 laools (L0315 4y o yiawd

ol 0 plosl S g LB > imgn ol 1 e Colos

L5 4Bl g bl 5 b Lawgs Allie Cilisee (sl st Cusgd Ligmeme (lgrdese agly U yre o8l Bl oais 5115 W 53 S Lo

w5392 53yl ol o ()55 )3 w5 slaloialy g (il ol Glgis 955 plid e 9 31555
55 gy ol gl 5 ol ] 5 )5 g 93 orblie S5 igSasn o8 s o pMlel dlio iyl S dimrgh £y 5 Mhamny 9 @Blo BLES

12335 55 3,90 slaodls 5 leMbl el oy oS bl (gladlaie O 8 0 5 oliilgn JS 0yl 3l clio ol B ais g 2 54155 wlow

WIS (g0 SIS

&be

03wl b dros)l dalaio ¥l (S35,b lawgio S0 555 (565 L Ui (MVAD) Lw duSss 5 lus] oMo lus! )8 wdljaml N
YA YY) (s p)8 Cswbad o oy sl .d)LciL'xA)' s g, 3
https://doi.org/10.22084/nfag.2017.10079.1189
https://civilica.com/doc/1866716 N=VY (Y&)V+ « g ldpusul dnwgs g gugy s axb,d ]
doi: 10.29252/jstnar.23.1.2 AV-Y+ (MY S g Ol pole 39500005 3l adg 0 S obiygy cbeKusS ab p o)b

K55 vy (gjlwdinge By 5l ool b ey sl LaST (il aSlus alb (W) e 2o g duons ¢ oimyiis ¥
doi: 10.29252/envs.18.2.19 ¥+ (YA, lawxe pole dolilad
https://sid.ir/paper/8977/fa AA-YY (MY b mlo 5 (5)5lis pole . IS
https://iwww.wmji.ir/article_254377.html YY) (FV)A o3 50l anwgs g zug 5 -5lpn 5ol ojs

@)9: u"liul"" > Lgl}bufsﬁ) L;’:‘])lf ) (\Yi\) d.)){»b c@.w 9 ‘JA-CLQ—MJ‘ ¢@§)§ dL\.w: doguazo “_5)“0) ‘O:’)] ‘&)l)' Y
magiran.com/p1165536 A=Y (F)) (s mlio 51 g5 0 00 9 cblas (ladS bl 16090 aslllas) ()5,

iess) o e S5l g ()l pollo (e58 3 by il (sl g €8> o) (VWAY) 35 g bizeo 5 e bl (o S5 A
10.22059/JPHGR.2018.125446.1006722 FYY-YYA (V)0 « aub (cldl i (gla g} o hiwd S oyl 163 )50 dalllas)

SR G (Sues ;J CatS e Olyuss oy o )Lniw)‘ 5 S gy 3 Sles duslio .(\\"0\) SHle 86Vl A
AW (T s

a8 &l o bl il Gl (Sl (adls ()2 (W) el l a5 gls (oS S ) Sl (F5Ss -
10.29252/jwmr.8.15.36 Y5-¥¥ (V) A (s5ul 0js> o pe dolidimgs . SH,b (sluyd o il

https://www.sid.ir/paper/169491/fa


https://doi.org/10.22084/nfag.2017.10079.1189
http://dx.doi.org/10.29252/jstnar.23.1.2
https://doi.org/10.22059/jphgr.2018.125446.1006722
http://dx.doi.org/10.29252/jwmr.8.15.36
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html

[ Downloaded from jircsa.ir on 2025-10-30 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

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

'Y

9 Ll . 8653o 00505 Joo jl ool b i bl (5 Siis gbajg,y £589 Jlain] (cwyy (VWAR) did )3 ¢ sjlo g ¢y 0 Sl
https:/Aww.sid.ir/paper/77127 Ya-¥¥ (\WWN cswgi

o duglio (I¥A+) oz (ol bly 5 dople (e 238 oot ((Saasguge (el dljils (Blodesms e s iias
MO-YY (WO SB g o il Sw)b pdlie e 3 3p)S jelateas b 9 slasg, L PERSIANN
https://doi.org/10.22067/jsw.v0i0.8523

ol o Gl suinaing Ca )bl il slani s o (IYAY) ke 036 5 (2 ¢o)S s ol
http://jgs.khu.ac.ir/article-2182-1fa.ntml AYA-V0F (YO)VF ( lélas pole (60 4,8 claass oM

5 st s S UBey 28 b ool (s slalos 85 Ll (W) 1Sler ey g i pogS sastll ablé (2l

10.22059/1JSWR.2018.257870.667912 VA\Y-VYF (Y- ¢l SB ¢ T clisios . 30,8 ades aljgy Lk (gbiaySod
pole . inlS il o > wlilen JWSis il (VWAY) el Mokl (oo g ¢ ssimo 03lj L5« Jadllg) (siclus
https:/iAwvww.sid.ir/paper/9659 AYF-IAY (YN0 ¢ aub mbo g (5jy9lis

5 dlalo S5 sbaosls obysyd calisee (sla gy b5y (WAY) duows ¢ ot yiin g lox yliidlydy wdfe o ol> ¢ sdpn (63U
WYY (FFF e slilin gla il (bwjss ol 16390 adllas) ¥l

Sro ol (2l sl oje 13 (Sl 25l (sl ol (oo il (slo gy duglio (VYD) (sige olgdlby 5 sy g0 o0
https://doi.org/10.22059/jrwm.2016.61698 FAV-0-Y (¥)53 «s,ls55] o

i o3V gl 2187 )5 e S8l o 38l oy (IFR) Lo pele s pe 5 e 3] ebSile ile s Moo 5 ccp90
220 (BIVA () S g T i (o yages a53g) 0 yoges 5] ddg> 16390 axlllas) SWAT o il oxlisil b o (glabaii s
https://doi.org/10.22059/ijswr.2018.225610.667617 .\ - -5

Sile bl (5)ken 4 ans 13 ()bl (ej g (bl Slaigy s (VF ) 0330 ¢ srals 5 (s (3L LS ple byS s

MY

NY

N

N

JY

A

M

http:/jwmr.sanru.ac.ir/article-1-1075-fa.html YAY-YYY (YY)Y ool ojgn o e dolidmgss

References

1.

Amini, M.A., Torkan, G., Eslamian, S.S., Zareian, M.J., & Besalatpour, A.A. (2019). Accuracy analysis of
precipitation regionalization methods based on spatial interpolation techniques in Zayandeh-Rud River
Basin. JWSS-Isfahan University of Technology, 23(1), 17-30. https://www.magiran.com/p1985871. [In Persian]
Antal, A., Guerreiro, P. M., & Cheval, S. (2021). Comparison of spatial interpolation methods for estimating
the precipitation distribution in Portugal. Theoretical and Applied Climatology, 145(3), 1193-
1206. https://doi.org/10.1007/s00704-021-03675-0

Asadzadeh, F., Ehsan Malahat, E., & Shakiba, S. (2017). Prediction of the spatial distribution pattern of
precipitation using geostatistical methods in Urmia region. New Findings in Applied Geology, 11(22), 87-95.
https://doi.org/10.22084/nfag.2017.10079.1189. [In Persian]

Asakereh, H., & Mazinei, F. (2010). Investigation of dry day’s occurrence probability in golestan province using
Markove Chain Model. Geography and Development, 8(17), 29-44. https://www.sid.ir/paper/77127. [In Persian]
Bashi Islam Govay, M., & Hama Karim, T. (2023). Comparative Analysis of Different Techniques for Spatial
Interpolation of Rainfall Datasets in Duhok Governorate. The Seybold Report, 18 (1), 2541-2555.
https://doi.org/10.17605/0OSF.10/8Z4TD

Ceron, W. L., Andreoli, R. V., Kayano, M. T., Canchala, T., Carvajal-Escobar, Y., & Souza, R. A. (2021). Comparison
of spatial interpolation methods for annual and seasonal rainfall in two hotspots of biodiversity in South
America. Anais da Academia Brasileira de Ciéncias, 93(1), €20190674. DOI: 10.1590/0001-3765202120190674
Daechini, F., Vafakhah, M., & Zabihi Silabi, M. (2021). Performance evaluation of geostatistics methods for
rainfall estimation in Haraz Watershed. Extension and Development of Watershed Management, 8(31), 27-
41. https://sid.ir/paper/162285. [In Persian]

Esmaeili, F., & Vafakhah, M. (2022). A comparative evaluation of interpolation methods for estimating
annual and monthly rainfall in the Namak Lake watershed, Iran. Extension and Development of Watershed
Management, 10(36), 1-10. https://www.wmji.ir/article_254986. [In Persian]


https://doi.org/10.22059/ijswr.2018.257870.667912
https://doi.org/10.22059/jrwm.2016.61698
https://www.sid.ir/paper/77127
https://doi.org/10.1590/0001-3765202120190674
https://www.wmji.ir/article_254986
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html

[ Downloaded from jircsa.ir on 2025-10-30 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

NI

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

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fagandini, C., Todaro, V., Tanda, M.G., Pereira, J.L., Azevedo, L., & Zanini, A. (2023). Missing rainfall
daily data: a comparison among gap-filling approaches. Mathematical Geosciences, 56(2), 191-217.
https://doi.org/10.1007/s11004-023-10078-6

Fathizad, H., Karimi, H., & Tazaeh, M. (2015). Investigation of different geostatistical algorithms in order to
zonation of yearly rainfall in llam province. Applied Researches in Geographical Researches, 14(35),
139.154. http://jgs.khu.ac.ir/article-YYAY-Y-fa.html. [In Persian]

Goovaerts, P., (1999). Using elevation to aid the geostatistical mapping of rainfall erosivity. Catena, 34 (3-
4), 227-242. https://doi.org/10.1016/S0341-8162(98)00116-7

Govay, B.l., & Hama Karim, T.A.R.1.Q. (2023). Comparative analysis of different techniques for spatial
interpolation of rainfall datasets in Duhok Governorate. The Seybold Report, 18(1), 2541-2555.
https://doi.org/10.17605/0OSF.10/8Z4TD

Habashi, H., Hosseini, S.M., Mohammadi, J., & Tahmani, R. (2007). Geostatistic applied in forest soil
studying processes. Journal of Agricultural in Sciences and Natural Resources, 14(1), 18-27.
https://www.sid.ir/journal/24/en. [In Persian]

Himanshu, S. K., Pandey, A., Yadav, B., & Gupta, A. (2019). Evaluation of best management practices for
sediment and nutrient loss control using SWAT model. Soil and Tillage Research, 192, 42-58.
https://doi.org/10.1016/j.still.2019.04.016

Janatrostami, S., & Salahi, A. (2020). Design of the optimal groundwater quality monitoring network using
a genetic algorithm based optimization approach. Environmental Sciences, 18(2), 19-40.
10.29252/envs.18.2.19. [In Persian]

Karandish, F., Ebrahimi, K., & Porhemmat, J. (2019). Increasing the accuracy of geostatistical assessments
involving extrapolation and zonal classification techniques: case study of Karun basin daily rainfall,
Iran. Iranian Journal of Soil and Water Research, 50(3), 713-724. 10.22059/1JSWR.2018.257870.667912.
[In Persian]

Moghadam, G., Alizadeh, A., Mousavi Baygi, M., Farid-Hosseini, A. R., & Bannayan Aval, M. (2011).
Comparison the PERSIANN Model with the Interpolation Method to Estimate Daily Precipitation (A Case
Study: North Khorasan). Water and Soil, 25(1), 207-215. https://doi.org/10.22067/jsw.v0i0.8523. [In Persian]
Mosaedi, A. A. F., Khalilizadeh, M., & Ostadkelayeh, A. M. (2008). Drought monitoring in Golestan
Province. International Journal on Food, Agriculture and Natural Resources, 15(2), 182-176.
https://www.sid.ir/paper/9659. [In Persian]

Nabipour, Y., & Vatakhah, M. (2015). Comparison of Different Geostatistical Methods for Estimating
Rainfall in Hajighoshan Watershed. Journal of Range and Watershed Management, 69(2), 487.502.
https://doi.org/10.22059/jrwm.2016.61698. [In Persian]

Nadi, M., Jamei, M., Bazrafshan, J., & Janatrostami, S. (2012). Evaluation of different methods for
interpolation of mean monthly and annual precipitation data (Case Study: Khuzestan Province). Physical
Geography Research, 44(4), 117-130. [In Persian]

Noori, Z., Salajegheh, A., Malekian, A., & Moghadamnia, A. (2018). Investigating the effects of best
management practices on the reduction of point and non-point source pollution of water using SWAT model
(Case Study: Seimareh River). Iranian Journal of Soil and Water Research, 48(5), 995-1006.
https://doi.org/10.22059/ijswr.2018.225610.667617. [In Persian]

Rata, M., Douaoui, A., Larid, M., & Douaik, A. (2020). Comparison of geostatistical interpolation methods
to map annual rainfall in the Chéliff watershed, Algeria. Theoretical and Applied Climatology, 141, 1009-
1024. https://doi.org/10.1007/s00704-020-03218-z.

Respati, S., & Sulistyo, T. (2023). The effect of the number of inputs on the spatial interpolation of elevation data
using IDW and ANNSs. Geodesy and Cartography, 49(1), 60-65. https://doi.org/10.3846/gac.2023.16591
Salarifar, M. 2023. Comparison of the performance of algebraic methods and statistical context in
determining spatial changes in groundwater quality in Tabriz plain. Hydrogeology, 7(2), 160-171.
10.22034/HYDRO0.2022.51375.1263. [In Persian]

Sanusi, W., Sidjara, S., Patahuddin, S., & Danial, M. (2024). A Comparison of Spatial Interpolation Methods
for Regionalizing Maximum Daily Rainfall Data in South Sulawesi, Indonesia. InITM Web of
Conferences (Vol. 58, p. 04003). EDP Sciences. https://doi.org/10.1051/itmconf/20245804003

Shabani, M. (2010). Evaluation of geostatistical methods in estimation of yearly rainfall in Fars Province.
Water Resources Engineering, 3(6), 27-34. 20.1001.1.20086377.1389.3.6.3.8. [In Persian]


https://doi.org/10.1007/s11004-023-10078-6
http://jgs.khu.ac.ir/article-۱-۲۱۸۲-fa.html
https://doi.org/10.17605/OSF.IO/8Z4TD
https://doi.org/10.22059/ijswr.2018.257870.667912
https://www.sid.ir/paper/9659
https://doi.org/10.1007/s00704-020-03218-z.
https://hydro.tabrizu.ac.ir/article_14621_6c325fde19992a9b771ea6ad197d2a53.pdf?lang=en
https://hydro.tabrizu.ac.ir/article_14621_6c325fde19992a9b771ea6ad197d2a53.pdf?lang=en
https://doi.org/10.22034/hydro.2022.51375.1263
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html

[ Downloaded from jircsa.ir on 2025-10-30 ]

[ DOR: 20.1001.1.24235970.1404.13.1.1.1]

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

27.

28.

29.

30.

3L

32.

33.

Sokouti, R., Nik Kami, D., & Brooshkeh, E. (2017). Study of rain erosivity index of West Azarbaijan Province
for rain iso-erosive mapping. Journal of Watershed Management Research, 8(15), 36-44.
10.29252/jwmr.8.15.36. [In Persian]

Vimelia, W., Azis, C. C., & Purwani, S. (2024). Prediction of rainfall data in the DKI Jakarta area using cubic
spline interpolation. Reading, 192, 76-87. https://worldscientificnews.com/

Yang, R., & Xing, B. (2021). A comparison of the performance of different interpolation methods in
replicating rainfall magnitudes under different climatic conditions in Chongqging province
(China). Atmosphere, 12(10), 1318. https://doi.org/10.3390/atmos12101318.

Yasmin, A. A, Azahra, A.S., & Purwani, S. (2024). The application of cubic spline in rainfall modelling in
Bogor and its impact on paddy production. Communications in Mathematical Biology and Neuroscience,
https://doi.org/10.28919/cmbn/8430

Yousefi Kebriya, A., Nadi, M., Ghanbari Parmehr, E., & Sun, Z. (2025). Assessment of some environmental
stresses in the Shadegan wetland: Analysis of satellite data, water quality indicators, and dust storm pathways.
Iranica Journal of Energy & Environment, 16(2), 372-388. https://doi.org/10.5829/ijee.2025.16.02.17. [In Persian]
Zandkarimi, A., & Mokhtari, D. (2018). Accuracy of various interpolation methods in estimating rainfall
values to select the most optimal algorithm (Case study: Kurdistan Province). Physical Geography Research,
50(2), 323-338. 10.22059/JPHGR.2018.125446.1006722. [In Persian]

Zare, A., Nasiri, M., Sheidai, E., & Sheikh, V. B. (2012). Assessment of deterministic interpolation methods
for estimating spatial distribution of precipitation (Case study: Golestan province). Conservation and
Utilization of Natural Resources, 1(4), 1-15. magiran.com/p1165536. [In Persian]


http://dx.doi.org/10.29252/jwmr.8.15.36
https://doi.org/10.3390/atmos12101318
https://doi.org/10.5829/ijee.2025.16.02.17
https://doi.org/10.22059/jphgr.2018.125446.1006722
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.1.1
http://jircsa.ir/article-1-553-fa.html
http://www.tcpdf.org

