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3- Ordinary kriging
4- Thin plate smoothing spline
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6- Regression kriging
7- Modified residual kriging
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1- Inverse distance weighting

2- Cokriging

3- Kriging with an external drift

4- Simple kriging with varying local means
5- Moving regression
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1- Cross validation
2- Root mean square error
3- Mean bias error


www.sid.ir

1Y il Tals oyl oyl (6885 5 5 bl s paid

\YY

Semivariance

26864

20148

13432

6716

gdiee o3 (1 Jg12) (8ly slaosls el of e

Yl

Cusl 208 50 oy  Siuod aely (8,1 .l 35,5 S,

o Jlite labes psins il aiels y2aS polie o o L3l oS
olie d Cun (F Jgdo) calise (glaoyed (slp (Sa)L o las)]

olosly 5

66676 . 206 .
. — .
& 50007 s & 154 — * -
£ Ve * H ot
; /’ o / .
8 . 2
8 33338 / . 5103 /
$ z /
16669 51
- -
o0 . . . . N N . N N . N . Q
0 27500 55000 82500 110000 0 27500 55000 82500 110000
Separation Distance (m) Separation Distance (m)
Yl g oledld 5 S ,U (Wioe bad) oudd 0315 (133159 (6955 Joho 9 (L) (327 (5lod pdi od — Y JSW
WYl 5 wlalo (S3,b (sled yaiion (59,5) o Glasudie -V Josa
. o e bl a5l lazkas 1
O g (1) 5 HLE s ol ) ) ) 0,9
(yiogks)  (z2y sho o) (@20 yio o)
TS /0 FYIA YA ¥ R
+[A¥ Aa/A AR INZAA \ i3]
<[AYY aa/a v/ YO/ N A HEYeS
-[50Y /4 A% SO/ A g%
<IYVY Voo YN YYY/Y A a0
< IVAY QA FAY YYS/Y \ YRR
-[a5Y Voo aN¥ YAY/Y A e
-[AA aa/A AY/A FI¥/A \ oul
</AY- aA £0/ YAA/A A N
AN /Y A YYY/Y YA )
“IAMA /A FAIY FNUY ) o
<JAYY a/a HA/A MY \ RV
~IVYY /A DAY yayva. Voo &Yl
< - <l
. * 1844 * . . 32098 .
o 1458 - . & 24748 /.—-%
/ , . g o
/ g o2 2 18499 S
,r"'. L] g a. E /
@ J
48] s249] /
’ 25600 o 50600 o 75;300 ) IIW.WD UO 25000 50000 T5000 100000 UO 25000 50000 75000 100000

Separation Distance (m)

Separation Distance (m)

Separation Distance (m)

(©) £S5 y1-0loas o 55, o[ ) Wooliun] £Li5 ) (iow bad) oo 315 (4931 Jobo o2y 9 (bU5) o225 (halike) (5loo yusiod —Y JSUS
() g5 -l (S,b


www.sid.ir

VYO gl cogdy Jove 3l ool 5T sl

EW ) -(4Yl) slale (S, (0556 lod s (59,5) Jto 9 £ Slod pmsdod (5955) Jdo Cliadiio € Jgutr

o iy () S B als Sl glakd 51 ke
(egks)

AT A/ £Y/¥ YEAY- Y- elis)
N Voo £YIA YYAN \ ek 39,8
N Voo FF/A YR \ el caips))
-Ivva aa/a FY/¥ OrY \ eyl >
.18 aa/a VY Nans \ ek,
Iv¥o aa/a A ooy \ elisylolye
N2\ aa/a VY WA \ el )b yg 00
-Is8 aa/a /0 VEe) \ ek e
N aa/a Y¥/¥ \SY. \ el Ul
SN aa/a FY/A \YEY \ el )3l
-/03A aa/a ) AEY \ eyl g
-IS0A aa/a fo/f VAM \ sy ene
NISS Voo \ATAS yyas ) el kil
-[55 Voo £Y/A Y-q0- Ve e, -4Vl

1 o) L (335 o x5S S 1 53 53 aoso plos
O n o bgli gy HeSihe oo Jae 15l plas g (glasks
oleadlys  Ably (sloodly & by (slod pusins duulie Jlo lgic
() ¥ JSt) ol iladly clodusties 5 (<) ¥ JS3)
i) sl S s Lodpesiinns 93 5 Sy 3 )L
SIS b ales i il plad g (haabad 1 Jg siten (538
45 00,5 sommlind oYV Jod> 50 dwnlio b IS jolay .aglate
) S Sl Jlis b s glyls bosilasdl glaled s
bbb o (Bl slaesls &y o (5550 g e

el 755 bosilagdly claled iyl gles

Oisbs GgeS) Jioe Jl rosilerl (025 Slod s
L e (0 o 4295 dbns 35 (S5 5 £l
0al D Jgds 5> b Jie ol Cluastiie 48 05 03l 5jlp gyl p
S g alale cla 515k 3)5 sl laseto cpl 5l cal
lad o 20,5 o oolaiwl SKIm g KED  (sla yog) lawgs
5 ole sy, 3 (Sl ol osilasdly (g)ls Juo (e 5 (225
ol ol ooy L ¥ s 0 4Vl
ol LS 1, 55y i) o (5, 5 JS e o
IS8 gy ele o )3 Lavouslandly (slod juiSions )b (S
23) il o olo (T L jble Lol (laosly (slas s L el

WYl g &ille (S,b (1w (BB o sS 5 oo 51 0ilewdly (glod i o (5955) Joto Wliaseiiio —0 Jgu

) U el &l Slazkad I
Omip (h) G0y lw cunls 292
(oshs)  (myo fodo)  (@ipe Foe)
AR ay/y Yo/f ova/s \t2 903958
-5 AY/Y /Y IV Fa/y Codgd,
-[AM Av/s \RAVA% Yv/os \Wis NIyEs
- 1YV INZA YEIY AYIA 0 %
-IvYY av/f AV/A YA \ile sl3ye
-IAYY INY/ 2 £/ Yev/y V[0 9254
-[AFf aay SO/ TYY/A ) 9
Ay aA WYY YONY Y ol
<IYv¥ ar/a A YYO/0 Y. N
-Ivas ar/y YY/s ARRIA \a )
-IAYA a¥/A Yo/a FYAP Yo ke
-IA /¥ /Y £EVA 3% Aol
-[ANF ¥ v-/a TYav- Ya0- &Ylo



www.sid.ir

WA bl Tl Vojlowd ofpf (iS05 9 Gyl i VY

Yl
36662 .
.
. S——
,./'/
- y .
%27497 /‘/ .
E -
g /
5 18331 S
@ .
=
£ i
0
2166 /(/
/o
1] 27500 55000 82500 110000

Separation Distance (m)

olosly 5
25 .
o T .
™ e
£ e
g e
5 a3 S
s P
] .
£ >
w /./
27
.//
0
0 27500 55000 82500 110000

Separation Distance (m)

g oledld s Syl as baspe i cyomw 5, Jue I oniloadl (Wiae bad) ouwd 0315 (31w Jio 0w piker 9 (BU) (29505 (lod i i — € JSC5

23ULie KED (b9 il poles bl (Bly las)] 51 3550 (£l5)])
Sy Sl Sl 5,5 ok Mg sload |, LSyl yShis
bLas coglase sl 5l enlaiul 3,9] o cwds —adlg (claodls
M glbadd 3 Sk pShe e oy ) 8 (Nlees
Solan bl sl IS shay (Lloyd, 2002) el 38,5 o1
Lloyd, ) st Sao ol le <> 13 pesd 53 o il
L IDW2 by, by 00 g5 (sladuts adllao ) )5 (2005
Lasgs ok M5 (cloddi 5 (Soluwas i Vo Lolol  odas yob
sl 0397 Soluod abai Yo oll 1 Sl Stz S (sl bg)
3,8 bl lize ) gl el Soluad bl slasd il
ogbye sl OK gy bawgs 0 (caiaiy (Su0)b #igSs
Sl 0ab 03l (LiS (V Jgda 4 398 £92)) Juad o ole (305
Jsin) Sen apd S0 4 555 3e glaele (lod im0
o 2eogli (b dols slhadd PSSk S mje Y
o (PP 0 (S cn i dwl g (0398 Slaole > farily
2ogde 3l 5 y0 0d slaole @S )50 3l 3 ¢y By
SOk @loj plis gt Cgiz g v (2ly ast ol
Sled S cadlyyn
350 3 ) e LMl 4z ST (Sl sbhadd anlie
929 L a8 oo wal )b (bl b9y 2 25k paie b Sy
ol s (BUST (S0l oyl ey st o sl
Jlie (bl gy bawgs oad odlatul (obole (hg) gy 2,Ses
P A5 (SN e3S Jlite 2b))] @l 85 )5 (g 2590
-0 sl giay Jol 4y o as oy flis cowl odds 1) 5 Jgus
S o a5 > e Wl o |y it SlSe s o (g L]
oS 85 Alols mye (oS gy & Camd (i B> )
15 0d oanlie LU o Lol 156 dais o alols ol b |,
Cawdy ol b aoects ol il o wdd o pbl dlats QT ol

aYlw

Sl (033
3053 Sy Mg VLG wlale Sl ol
L Sigm S iy 555 (lgane S 8 ctlols oo oS
G)go pile (poge L;Lhuai:l.m L oslw &90)5 9 L;>)L> Ag)
goledlyys  Susbias by sladic s diges los 4 .88
=22 d‘)_s sl 00 00D ul.w_: I Jg_w 5 SVl L;"\")L’
0l Ay (claddd i odlal oblke sbo ybgy sba Shie
Spghilian . 8)5 )8 anslie 5)50 5 alb L 5l By, o Lawgs
a4 (WYl g oloaldyd) Su)L slaasds 53)5 o dasMe oS
oo claS g sl cwl onis &l 0 Kb > dges lgie
(AYlo g olodls)5) 0y93 2 (gl dlols glaaiss duglis il
olyw 4 bl COK 5 OK (sla jigy (S job 4y oS oy -l
oL Qﬁa}ib ) Epoge Q?.I EUERER AW A,Jy Slbdias ) (g yuiu
SKIm 5 KED (sla yog) lawgs o0 3Jg5 (sladid . jguaio
odlaiul pess Al 3 aS ]y 31,565 Ol s alie Heb 4
Bly JSb 4y oS oo Jla5 g im0 (LS gatge A3 S
bla IDW jl dlols acas 8l 510,005 S6,b SKe mje
&S > e o lis b gy plo | 5 (astin |y sddd (605 diges
slaodly e Gl bl s as cuwl ol IDW sla Siq 5l (S
e m595 (Lloyd, 2005) uiS' o adgi |y sla Sy (Al
Jolio wlio jsbo &y 00d a5 laadds > (Sl (eSS ol
e ol (4Vlo) (B8 g g (oledld)3) (Byd g 5 g
Ja_»)y 03 s L;J._:)L» w.w)fla )J.)LO.A O’l d9>9 [PERVS
o BSls polae )b o b olacgles walkise sl g,
23U 5555 sl KED 5 SKIm (slasby) bawgs (oS
» 3= Wackernagel (2003) .cwla jigy pluw lawg bl
olawl 3y5 0 SKaS yaie &S bol& j3 a8 oy lis 245 adlllas


www.sid.ir

VYV gl cogdy Jove 3l ool 51 3

25 e Al (S5l slad s (o sl 1 1 L
SA5,b 05904 By il 8l cael Wl o KEDilo o ko A
Slaald ,51a s Slejojg ).ub ol 23,5 OK gy dy G
i il (il 35 EL 5 (Sl o i Sled s
aalllas > aS cowl Jls j5 opl (Goovaerts, 2000) 34 salgs
Sl s & S EB5)] slod oo (oo slaslad §l 5l
Sy o pis Ulgs o a5 Cunl 039 yiiin Waoygd LI 3 Sk
e Sl NS 25 0t i (Sl by Sl odlatnl 3 1) (presS
SLaiby) (B o 2,Sdae 3 5580 Jelge opub aislis
b pla el Jolie ;o RMSE polae Coms ol olaiuwl
s glashad 5l g elasyl o S0L slrodly po (Siwod Copd
Ceao ()Y S ool 3,8 s (S lodestins
LS (Swed ualS LIDW2 & s OK g, 51 oaliul
s LS b pusom (glaskad 31 jil38)) (S,L claalie oy
OK & s COK o 3,S0oe (i3l 35 () V S .08 o
L1, (COK 35, RMSE 4 OK 9, RMSE caps igl8l)
- oo gyl g (Swb sleodly o (Siuen liae ]38l
olys palie opyneS , 81 ISCS o aS cowl ;85 LB Laa

lodds Bl ol o) )Leﬁ Jaaﬁ 2 S M

Moral 4 Lloyd (2005) Goovaerts (2000) <Lsllas 5| oasl
P9y olelimes lagdgy o 3 i 5l 2l csllas (2010)
KED 55y (olodls 5 550) yao U Cudigmd)l (slools (¢l COK
LYlw L;_\J)Lg d‘)’. 9 olo ).,L.» LSI)'f OK L)f’?) 9 bLo.)‘.)P LS‘)’.
ple Cewl 039 COK gy & 3laiio aoygd (oles (sly (MBE)
Jole iy iy LYo & e o 1y gls)) (S8 o I oolaiul

I sk 4 Y g 098 £92)) 8L 595 de slaole 3 (S)L
o3l wl cuwlodgy +/0 il eSS Siwad oy &S oloyed (ly
Asli ol &35 59 Bgu0 3 iU £li5) (S8 puite ]
45 By a0 opl 4 295 adllas 4o 3 and Marcoot (1995)
Coyd 4S5 Canl ang BB Jloj it (SeS CleMb! j oolal
(2000) adllas pols Cpiorad Sl /¥ iy (Siuson
slayogy yo gkl claodly | eolatwl 5" sl Lis Goovaerts
otk cely Jlo; KED o SKIm ala I g lol 0 o pite A2
St 5 oS 29500 OK (g 40 s b plee sl
Sl5 oo ped hole il /YO I YL SW)L g gyl sbaosly
Goovaerts, ) uil glas)l glaosly Sl  Swed JS& L s po
L)l sl pusiond (oo (glazkad 51 jlade 457 Sy 10 (2000

oo 23Ul (o1l ylo (g, @ Jawgd (S, cmedd Jilile (o5l gl -1 Jgun

(30 o) RMSE (e o) MBE 059

SKIm KED COK OK IDW2 SKim KED COK OK IDW2

V¥/od VO/5 VO/FY  VFIYY YA Y/-a VIAY VY \ISY YIAY 05950
\Wits AMAR ARIAT IR RYA7N \¥/o¥ Y/-A \Val -Ivo \al YIYY Cigend))
of-y ¥/ov FIV) ¥/0 FIA- <IEA -loy AR -lov \Adi NIYEY
olsY oIvs FIva oIyyY FINY <IN -ISA - 168 -/54 VISA »
OIAA 0/ FIAD /oy AYY AN -ay -lav <IAY Y/o0 al340
/1 AIVY YIvA Mos RN \AYs e =N -0 V¥ 29D
A ¥lav Y/Ay /.5 \lal <ISA AR AL -los V/A¥ e
o AR /a8 /Ay VeIV V- <I5A Nive /Ay YIve Ul
\Y/FA AR WA \YIEA \Y/A¥ VA Vo <[00 VY YIAY A
/oy WV WA WYE \W/YA VIV AR <[] \IYY Y/o) )
AN WY Vv VWY AN V/as \lizg <[00 ) \IANY Oyele
0/V0 VEIVY \O/FYVEIYY /Y Y/ VAY -lof \ai \ S RVEW
V- 0/¥0 ARAVAT Y-S 772 YAV \a/¥8 VO/f £V WAAY/AA &Yl



www.sid.ir

WY Gl Al Yojloud ol l (8805 9 slel arpels VYA

(IDW2) Y (g5 b ahold oSz (23059 (S gy Jamwgi 0uwd dnd (e Cuow) di¥lw g (Cumwly Cuonw) olodls 3 (Sui,b -0 IS
(SKIm) yiio (ad90 (5l cmilie b 83l Sims 5 9 (KED) (2 )6 g b Sizms 5 COK) Sy 595 OK) Jgor0 S

WWW.SID.ir


www.sid.ir

Y4

g5l sogdy Jaro 3l eoliswl 1 b,

298 o298
6727 mm 116.5 mm
{ 57_97 a3 78
38.87 70.04
| 2421 | 4673
_ s.@el _ z3.54
1z31.7 761 mMm
10E.3 73854
78.99 al_46
_ EZ.65 _ 4338
_ E6.31 _ 26.31
o il
1.2 2
i R=-iv . R=--/ov
S o o 18-
w
7 14 . 2
=11 L ]
= ° 2 16/
& <
o
> ° =
o o 14
53] 1. w
E n
[ )
[~ o E 121
[ ) [ )
@
09 — ‘ : 1 ‘ : : :
04 0.5 06 0.7 08 0.01 0.02 0.03 0.04 0.05

SH W)l o (Sed

S Bk Sy (s slaakad 3]

Glazkad 431 Jolie 45 (OK) Joore iy 58 9 (IDW2) Y (55 b dlold wwoSre (230359 B 199y RMSE Comnd (yiisS Ty jldg0d —V JS5
Ot (Saod & Jllo )3 (COK) Sians S5 9 (OK) (Jgome i 5 (5199, RMSE Capuad 9 () (55,1 (5lod padioud (oo
aYlw g Alle (Sl srodly g,bl aoYs —(Y Joua) (&) g, 5 (Su,b ol

» (DEM) elis)l (S8 jito | & (puiite (rndge (gl 5eSlie
el s 8 )1y 8 danslie 5y 0 S o odlatwl yesd ..\.u|)3
Sleollias] 115 (99 o5 S e 53 b Gl bl b))
- h9) At a5 YL €83 5l )lel e sl Bg) ezl
S35k oS 5 (Aol gy (wgSas) (sylalimes pé sl

35 Ay
ol > AVl 5 slale Sl 2bolke Gun b adllas oyl
oSe) oyiie SO slahy; jalale (pdy .85 plosl s
owwduwg)b(gwm;9ﬂ_wlﬁ)aw
babum)fg@)bug)bm;‘&m)f;)

WWW.SID.ir


www.sid.ir

ITAY il Al Voo ol (05 9 (55l 4l VT

Resources Evaluation. Oxford University Press,
New York.

Goovaerts, P. (2000). Geostatistical approaches for
incorporating elevation into the spatial interpolation
of rainfall. Journal of Hydrology 228: 113-129.

Haberlandt, U. (2007). Geostatistical interpolation of
hourly precipitation from rain gauges and radar for a
large-scale extreme rainfall event. Journal of
Hydrology, 332: 144— 157.

Hevesi, J.A., Flint, A.L., and Istok, J.D. (1992b).
Precipitation estimation in mountainous terrain
using multivariate geostatistics. Part II: isohyetal
maps. Journal of Applied Meteorology 31: 677—688.

Hevesi, J.A., Istok, J.D., and Flint,A.L. (1992a).
Precipitation estimation in mountainous terrain
using multivariate geostatistics. Part I: structural
analysis. Journal of AppliedMeteorology 31: 661—
676.

Isaaks, E.H., and Srivastava, R.M. (1989). An
Introduction to Applied Geostatistics. Oxford
University Press, New York.

Journel, A.G. and Huijbregts, C.J. (1978). Mining
Geostatistics, Academic Press, London, p. 600.

Kurtzman, D., Navon, Sh. and Morin, E. (2009).
Improving interpolation of daily precipitation for
hydrologic modelling: spatial patterns of preferred
interpolators. Hydrol. Process. 23: 3281-3291.

Lloyd, C.D. (2002). Increasing the accuracy of
predictions of monthly precipitation in Great Britain
using kriging with an external drift, in: Foody, G.M.,
Atkinson, P.M. (Eds.), Uncertainty in Remote
Sensing and GIS. Wiley, Chichester, pp. 243-267.

Lloyd, C.D. (2005). Assessing the effect of integrating
elevation data into the estimation of monthly
precipitation in Great Britain. Journal of Hydrology,
308: 128-150

Lynch, S.D., and Schulze, R.E. (1995). Techniques for
estimating areal daily rainfall. In: Proceedings of the
Seventh Hydrological Science Symposium, Rhodes
University, Grahamstown; South Africa.

Moral FJ. 2010. Comparison of different geostatistical
approaches to map climate variables: application to
precipitation. International-Journal of Climatology
30: 620-631.

Prudhomme, C., Reed, D.W. (1999). Mapping extreme
rainfall in a mountainous region using geostatistical
techniques: a case study in Scotland. International
Journal of Climatology 19: 1337-1356.

Robertson, G.P. (2000). GS+: Geostatistics for the
Environment Sciences. GS+ User’s Guide Version
5: Plainwell, Gamma design software, 200 p.

Shoji, T. and Kitaura, H. (2006). Statistical and
geostatistical analysis of rainfall in central Japan.
Computers & Geosciences, 32: 1007-1024.

Tabios, G.Q., and Salas, J.D. (1985). A comparative
analysis of techniques for spatial interpolation of
precipitation. Water Resour. Bull. 21 (3): 365-380.

Takara, K., and Oka, A. (1992). Regionalization of
probable rainfall using regression analysis and

Creutin 15k plio ;03 gl p ol ol cpl 35,l)9
293 Bk lasb e (Goovaerts, 2000 5 and Obled, 1982
Gk ) e U cutipud)l (slaole j3 glas)| (SaS piito 3 oolazu!
gt sl ()15 gy L S S 9 S S5 sy,
aYlow S00b sl o o0l b 530,85 SW)L pess
dgutc pie g Lo 1y 25l sllas (a8 Jgame St S by,
slaodh s (Siwwed (0 pirs (V) S 4 Ll o baoygd
Saots 395 (V) 5 (+10 5 oS Souuzod i) il 5 €16
b9y ) 35 o Ao calyly sl i) slaols (58 IS
8 aulio 5 bl 2y50 olate Loty b 4l Ko sbls jo W

Xy

&be

S &g gy oy VAT e biee o o)
5 oo > glop dse p aslale g aliy) (Sus)l
WY=5Y 53 olie 55 LS5l
Slagisyp AYAY o lF (Sowge oy o Sbé e bk
b aslale S5 slaodly pess 3 ol be i

(Vb @l 5 555LiS 098 5 pole - olnl 355
FoovY

O Lthbuf@) u.:l)lf AYAD "y srelzo “p ‘uliJ*Q(" “p m;l)'i.x@(o
Spzib agog)l azlyd sopl ades cadlil sanaing 5o (bl
MENY (V) TY L g oy

Asli, M., and Marcotte, D. (1995). Comparison of
approaches to spatial estimation in a bivariate
context. Math. Geol. 27 (5): 641-658.

Cohen, A.J., and Randall, A.D. (1998). Mean annual
runoff, precipitation, and evapotranspiration in the
glaciated northeastern United States, 1951-1980.
USGS Open- File Technical Report (Reston, USGS)
available  online  at: http://water.usgs.gov/
lookup/getspatial?0fr96395 pre (accessed 20.06.06).

Creutin, J.D. and Obled, C. (1982). Objective analyses
and mapping techniques for rainfall fields: an
objective comparison. Water Resour. Res., 18: 413—
431.

Creutin, J.D., Delrieu, G., and Lebel, T. (1988). Rain
measurement by raingauge-radar combination: a
geostatistical approach. Journal of Atmospheric and
Oceanic Technology 5: 102-115.

Deutsch, C.V., and Journel, A.G. (1998). GSLIB:
Geostatistical Software and User’s Guide, second ed
Oxford University Press, New York.

Gittins, R. (1968). Trend-surface analysis of ecological
data. Journal of Ecology 56, 845-869.

Goovaerts, P. (1997). Geostatistics for Natural



www.sid.ir

VWY eyl sy Joko 3l ool 1 b3,

Precipitation uncertainty, raingauge network design
within Folsom Lake watershed. ASCE Journal of
Hydrologic Engineering 7(2): 175-184.

Wackernagel, H. (2003). Multivariate Geostatistics. An
Introduction with Applications, third ed Springer,
Berlin.

kriging. Journal of Structural Mechanics of
Earthquake Engineering 456/11-21, 1-10 (in
Japanese with English abstract).

Thiessen, A.H. (1911). Precipitation averages for large
areas. Monthly Weather Rev. 39 (7): 1082—-1084.
Tsintikidis, D., Georgakakos, K.P., Sperfslage, J.A.,

Smith, D.E., and Carpenter, T.M. (2002).

41010 el ol
AN o pdy fo )b


www.sid.ir

Olnl (iS85 g 5 kel 4y
NAITY .o YA el Fols (¥ o)l

Iranian Journal of Irrigation and drainage
., No. 2, Vol. 6, Summer 2012, p. 118-132

Assessing the effect of incorporating a digital elevation model (DEM) into the
estimation of annual and monthly rainfall in Golestan province

Masoomeh Delbari'’, Peyman Afrasiab' and Samane Jahani’

Abstract

Many hydrological models require high resolution rainfall data. The aim of this paper was to interpolate
annual and monthly rainfall in Golestan province from sparse point data. To do this the methods, which make
use of secondary variables (e.g. a digital elevation model, DEM) for rainfall estimation were compared with
those, which do not make use of such information in estimation. The methods applied included univariate
interpolation algorithms such as inverse square distance and ordinary kiriging and multivariate geostatistical
algorithms such as cokriging, kriging with an external drift and simple kriging with varying local means. The
performance of each interpolator was assessed through examination of mapped estimates of rainfall and cross-
validation. It was concluded that cokriging provides the most accurate estimates of rainfall for May to October
except June which was best estimated using kiriging with an external drift judging by the cross-validation
estimation error summary statistics. For other periods ordinary kriging yielded more accurate rainfall predictions
than other interpolators. The worst algorithm was inverse square distance that ignores both the elevation and
rainfall records at neighboring stations. Relative nugget effect of semivariograms and correlation between
rainfall and elevation affected the performance of different methods. For instance, ordinary kriging outperformed
other technique when the correlation between rainfall and elevation was less than 0.5.
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