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Table (1): Evaluation results of algebraic methods to estimate annual average rainfall, calculated

through mutual evaluation

O3 5 b dlsleo S il B2 ki Juel ylgs o095
RMS Mean Loyluwes Sloaa

=+ [VFa+) - B/ A/ —ary 10 - YO IDW
=+ [AAY+£ /Y \YE VIPVE Ff VOV |
= VAT OV YO/ -¥/- \ki AT Y LP
=+[e e £V O/ VYIAD - [Y0 - - \ GP
=+ [AFA+YV/- f V- AIf -Y/AY 0 \YIVat oaie DolS” Dl
=+ IAYO+YAIYA VY- /5 -YIAA ' NIN%g S L bl
= /9 F+00/10 Y -YIVY 10 SN2 So,0lS Jge RBF
=+ IAFE+EY]-Q VA —+IYYY 10 - IYYA vSre So,0lS Jge
=+ [AFE+5Y]-Q VYA SVAYY 0 YYNY S3b i el

Jlise (23,0 G2 yb 5l eid drmlons (( Syl AVl (Sl 030y e Soumm 5 slaby) (2L HY) Jgu
Table (2): Evaluation of kriging methods to estimate annual average rainfall, calculated through
mutual evaluation

Jlio b3l Ghgy s

et omrfybsdibie s Stndmd  RMS MEAN & ae )
Error
&9, 5iluoal Y= /VYOX+1 V08 < IAYOA a-/A ALV RVAA 8955
3,5 luonls Y=e/A¥Xs\ Vo /YA - /VE-Q ARA VWY SYIYeF lopls
3,5 luonls Y=< IAVYX+YAIRY /YA ARRYA1 INE -YEND slopls OK
68,55 kanls Y=+ /AOOX+AA/-Y  « (8% VEV/E VWYYV ol
63,55 luenl Y=-/AX+0\N 8 < JAVEY ARRVA VIY/Y -0/#AA  Rational Qaudratic

1- Pizzi and et al.



6o g Jluesloz bl )3 o)k S @395 35910 gy crre oS Sa g (2l ey 0 )8

a 3l e ol (ol LS Sgmge IS
&3 kol Y=+ JAYAX+YYIYY  «/$aY§ \YY @/ =YY TetraSpherical
69,55 lasnl Y=+ IAYAX+YYIYA  +[8Y5Y AAINIA @A -YIYY PentaSherical
69, Sluco Y=o JAAYX+VVOY V) 0F Y-V AVAY -V K-Bessel
69 ,Slucon Y= /Y- #X\OPIPY < IVOAY VY VWEY Ve fey S9s5
59, Siluons Y=o IVEAXAVEAQ < VEAN VYO ARTNAREL VAL Gloyl
59, Siluos Y=o/8 AX+VR- YD V/AF FOIAD V-4 VEIYY oS SK
50 ,Siluon Y=-IVY X\ F8I80 < /YYYY VYAV YO/ -/A#¥ TETRASPHHERICAL
60 ,Siluon Y=-/YSA\YEIPY IV 0 \YEIT IARASELYAA PentaSpherical
59, Siluos Y=o JATYX+AF/4 V/YAQ OV/-Y VoYY -A/YAR S5
59, Siluons Y=o IASYXsVA/FD Y 0a/0f Veolh o -AAF Gloyl
60 ,Slurons Y=o /ASYX+VAEY  V/EFA OF/SA VeY o -aUvy Tetraspherical K
60 ,Slurons Y=+ /ASYX+YA/EY  V/P0A OFINY ARRVARNRYin ¢ Pentaspherical
JosNormalScore Y=« /Y- X+\0F/¥0 -+ /VOYS VYO/A VA -Ve/ef Sloylo
59, Siluros Y= /VAYXAVOYIVY  YVY VoY VEIE Vel f Gloyl DK
60 ,Slurons Y= IVYEXVEAVNY 2 JAS) \RA¥le VVOA -Y-NA S9s5
i)l S8 pite Y=o [OAVXAYYY < /AVE Ya/ra RAAAERYIN gty CoK
i)l oS pxia Y=o /AYXO/0 /A (R {le AT VYA $95
o it e Y=o IAVAX+Ee/5 +/Va0 a9y aviE -\YYo 95 .
S
el oS pae Y=o JAYAXSYY/VY  AVYT AZIEA ARA VAR VAR &l Cok sl
el oS e Y=+ /VABX+AQ/A <AV Y MIE - -FIVY &loypls CoK Jlasil

9 ol a28,51,8 Ldoxi 0550 58 gz Sl oS Caslosls 7 Sloj @bl (e «Siamm S sl o
Nsy 2 0508 ST T iyt 5 Sl Caz @l o8 5 alol b g (Sl oS el o Sk Gl
Shls az 56 e 5 2l 4 Sz S slaghs, 0g aalss i)k Gl dig, b (SS s Sl
0 el ] Sl g A VY Scan 1) glis | g Ul Siazm S5 g, 0 kit 5 keS
oS Zuwl (ploaies las Szm ;S5 by, 5l ol @l .)ls oo 4y (uuad (Sils (S5 095 9 (0L
ol iy s, alole b ol a5 by g 3,55 om0 s 42 M ol ol

e (25,0 G2 5b 5l eid drmlos (( )b AVl (nuSilo 030 3 Cupr @l ygud> b ligye b55:(Y) Jgu

Table (3): Evaluation of interpolation with the presence of obstacles to estimate the annual average

rainfall, calculated through mutual evaluation
e 2b3,l os, sl =516
) e alskeo e (b3, G, 55 Jae N
RMS Mean Sl lgen

Y=+/AMEX+OVIYF \ATA! -\/7a A bes




FAFA mo VT bl ool Jlo o o)lads ¢ o pole 3 GIS g 448 5l Giomiw 0,8
Application of remote sensing and GIS in environmental sciences, Vol 1, No. 2, Summer 2022, pp. 49-68

¥

Y=+ IAFOX+AFIYY YAIQ -Y/£0 Y Py

Y=+ /FFAX+VAQY Yy <100 A ¥ slabozois KS
Y=+/YAVX+) Q)8 FAIO SMAA A NI PERVES

Y=+ /YAOX+YY /Y Yol# -Y/¥ A Epanechnikov
Y=+/AOFX+AYNY AIY -YNNY Y ol

Wigd oo 00l Hlis F gV gla IS0 )0 coas a8 5 )15 4y sla gy o Seeslin (5L S e sl Al

49°20'0"E 49°40'0"E 50°0'0"E 50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E 51°40'0"E
I I I

ol Ko (595 g ) b TN WVl o (it i) i

N 32°400"N

W E I
32°20'0"N
ISQ'DD"N

31°40'0"N

i sloinly
Srerdeo 4 S0l

274-305
305-344
344-395

5 395-458

£ 458-540

% 540-643
£ 643-774

5 774-940 31°20'0"N

% 940-1152
£ 1152-1421

Slopls Juo b Jlaiil Soums 1595 gy b Syl AVl (Sl polito (S ey e (F) S
Fig. (3):

el (2ligyo lp &S pla by, ad 0o p G sla by, Gl jo 4 Cl Ol Sk odel ey =l
ol axdllas 850 azhaio o 1, 6 5YL slacds waid § L o wilge e @ 1) Clelay | Yl Sas )L
plin liis, sl |y ALl i flin s 5 o 4259 slelazrazz (slo Jan oo ol 51 o8 cains oo
Sl slas> Syalp lp ;500 sla by, dwlie pimmen iols lis 05 5l YL SNL Sk
ol a1y dalaie o Sw)b Ol 69,5 Jow b Jlasl Sz S5 by, wps oo lis aiVle



6 6o g Jluesloz bl )3 o)k S @395 35910 gy crre oS Sa g (2l ey 0 )8

el J o 0 IS selads a2 @l lon 55 -5l3 (6 by (Sinlesd ailate 31,5055 b 5 23 o
Sged w6 i cds b Jow ple 4 Cas p.b-uﬂ)lﬁls

49°20'0"E 49°40'0"E 50°0'0"E 50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E 51°40'0"E
I I I

T (5 il s 1908 g 5 b TN Sl GVl b0 it it i

32°40'0"N

I32°200‘N
|32'DD“N

31°40'0"N

|31’ZOD'N
—— Barrier

LA | EE—

Aadi gloinly
Srerdeo 4 S0l

274-305
305-344
344-395

£ 395-458

£ 458-540
% 540-643
£ 643-774
% 774-940

% 940-1152
£ 1152-142,

F ez slazaiz Jon b (S (g5lulged gy b (Tl Lo (ufilio gy o 45 1(F) JSC
Fig. (4):

B3 9 lge caiay ol yo 48,5 ploil Gldllas plo b avslie 5 Gubios opl 5l o] Conds ulis 4 4> b
:..\.A:JL}‘SA E e ‘ ‘.klé

Ul el 5l eolainl b Lo 1) g 0ogs aslive ggamme j0 o iy, H sl o 0 )50 adlaio ;o >

ol cde il Sane 45 gy (28 Ceomd 4 S Hliwl B0 bl jo olig,e Cds g Como P
Al liwl 0y gliasS gbln o v oL le o] sg.eS

G 5l Gl 1o (nl @l 4 g b SliasS (glo 03> p0 (Sl Ghorie Dligas e pgil P
88,5 ]



FAFA mo VT bl ool Jlo o o)lads ¢ o pole 3 GIS g 448 5l Giomiw 0,8
Application of remote sensing and GIS in environmental sciences, Vol 1, No. 2, Summer 2022, pp. 49-68

44

el figa Sigmy 555 15 S8 el lsie 4 coliilyn gla el il 3l olisl 3
9 W LngoliA.w.»‘ Glﬁ"a‘ 9 C,w)o J‘-‘S‘)-’ u.um 9 cwl.;,c 9 ‘;ls O‘..\:J LE) 631.3.35)5 6‘)., >
olawi b g camlio o395 5l a5 dblio oz sle oKl col ley jo ool plo 09 5Ls (g 5o 5lul

55 3 Calsl 5wl ki 195 1 baolKiayl SIS



oy 6o g Jluesloz bl )3 o)k S @395 35910 gy crre oS Sa g (2l ey 0 )8
6o g (ol e el WLlS (samge 5

&l -0

1-Hopeful, Kamal. and Khosravi, Yunus. Evaluation of kriging method in determining an optimal
model for monitoring the standard rainfall index in GIS environment (case study: Etan Yazd),
the second national conference on the effects of drought and its management solutions,
Isfahan, Agricultural and Natural Resources Research Center.

2-Baro, P.A., (1385). Geographical Information System, translated by: Taherkia, H., Tehran,
Samit Publications.

3-Gis, Tehran, the geographical organization of Mosleh Torabi Azad forces, Massoud. Sieh Rani,
Amir. Eftekhari, Rahim, (2009). Arc software geostatistical analyst training

4-Hosni Pak, Ali Asghar, 1386, Geography, second edition, Tehran, Tehran University Press.

5-Samani Drop, Saeed, study of the trend of precipitation changes (amount, time and type) in
Chaharmahal and Bakhtiari province, General Meteorological Department of

6-Chaharmahal and Bakhtiari province, year (1388). Kahrodi Tali, Manijeh, 1384, Geographical
Information System in 3D Environment, Jihad University Publications, Tarbiat Moalem Unit,

No. 49, p. 173.
Madani, Hassan, (1377). Basics of Geography, Tehran, Amirkabir University of Technology.

7-Mahdian, Mohammad Hossein and Ghiathi, Najaf Qoli and Mousavinejad, Seyyed Mahmoud.
1385, investigation of different interpolation methods in estimating monthly rainfall data in
the central region of Iran, Agricultural Sciences and Techniques and Natural Resources,
number one, year seven, pp. 33-44.

8-Abtew, W.J. Obeysekera, and Shih. G, (1993). Spatial Analysis for Monthly Rainfall in South
Florida, Water Resources Bulletin, 29(2): 179-188.

9-Collins, Jr. F. C. and P.V. Bolstad (1996). A Comparison of Spatial Interpolation Techniques
in Temperature Estimation, Third International Conference/Workshop on Integrating GIS and
Environmental Modeling.

10-Cressie, N. (1993). Statistics for spatial data, Wiley, New York.

11-Goovaerts, P. (2000). Geostatistical approaches for incorporating elevation into the spatial
interpolation of rainfall, J. Hydrol, 228, 113-129.

12-Goovaerts, P. (1997). Geostatistics for Natural Resources Evalution, Oxford University Press,
NewYork, NY. 496 pp.

13-Hargrove, W. (2001). Interpolation of Rainfall in Switzerland Using a Regularized Spline with
Tension. Geographic Information and Spatial Technologies Group, Book Ridge National
laboratory, 1:122-128.



FAFPA Gao VFe ) olinsl (Jsl Jlo oF o)leds e psle ;0 GIS g 550 5| Liomiw 0,15
Application of remote sensing and GIS in environmental sciences, Vol 1, No. 2, Summer 2022, pp. 49-68

FA

14-Hevesi, J.A. and Istok, J.D. and Flint, A.L. (1992). Precipitation estimation in mountainous
terrain using multivariate geostatistics. Partl: Structural analysis, J. Appl. Meteorol, 31, 661—
676.

15-Hewitson, B.G., and Crane, R.G. (2010). Gridded Area-Averaged Daily Precipitation via
Conditional Interpolation, Journal of Climate, 2005, 18: 41-57.

16-Isaaks, E.H. and R.M. Srivastava, (1989). Applied Geostatistics, Oxford University Press,
New York.

17-Jurikovska, A. (2011). Comparison Spatial Interpolation Methods in Rainfall Estimation, GIS
Ostrava, 23- 26.1, Ostrava.

18-Krivoruchko, K. and Krause, E. (2011). Concepts and Application of Kriging, ESRI
International User Confernce, San Diego.

19-Kruvoruchko, K. and Gribov, A. (2002). Geostatistical Interpolation and with Simulation with
non-Euclidean Distances, geoENV 1V,Barcelona.. Available at http:// www.esri.com/
software/ arcgis/ arcgisxtensions/ geostatistical/ research_papers.html.

20-Naoum, S. and Tsanis, 1.K. (2002). Ranking Spatial Interpolation Techniques Using a GIS-
Based DSS, Hydrologic Engineering, 9(2), 79-102 pp.

21-Pizzi, E. and Gleason, M. and Rodd, J. and Vedula, S. (2011). Point Interpolation, GIS 5203
ESRI Workshop, Fall 2011.

22-SHeikhasan, H. (2006). a Comparison of Interpolation Techniques for Spatial Data
Priediction, Master’s Thesis, University Van Amsterdam. Neathelands.

23-Stein, A. and Corsten, L.C.A. (1991). Universal kriging and cokriging as regression
procedures, Biometrics 47: 575 -587.

24-Tabios, G.Q. and Salas, J.D. (1985). A Comparative Analysis of Techniques for Spatial
AnalysisPrecipitation, Water Resources Bulletin, (21)3, pp. 365-380.

25-Tsanis, I.K. and Gad, M.A. (2001). A GIS Precipitation Method for Analysis of Storm
Kinematics. Environmental Modelling and Software 16:273-281.

26-Vasiliades, L. and Loukas, A. 2004, Precipitation Spatial Interpolation Methods Assessment
in Pinois River Basin, Greece, 1523-1530 pp.



