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1- Thin Plate Soothing Spline (TPSS)

2- Kriging with external drift, KED
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3- Mean Bias Error (MBE)

2- Mean Absolute Error (MAE)
4- Root Mean of Square Error (RMSE)
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1- Deterministic variance


http://jwmr.sanru.ac.ir/article-1-491-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

\a WA Ll g e MY ojlad [t Jlo jeiul 055> o paoe asliings

< ﬁ e
4
-
% 7
2
) +
g i I y—0.3088x
3, + H2— 119669
(5}
i L
-
c T T
0 i 10 15 0
(00 Wl glod 3l polis

5 L .
ﬂ /«ﬁgﬁ '
a
oy
o
Kl

i g

j? 3 A +—_ o
3, p g y=0.1907x
4} / R:_1.9594

1 -

-
-
0 Eel T T T T T
o 5 v} 15 0 3 a0

0 artla sleo 28ly golis

il ol sles (& 5 ALy slos (Gl alls YO Lagie sl Q-Q loges —F IS

0.0n 072 144 218 288
Separation Distance

)QT olo 6Lm> (;_) 9 Yl 6Ln.) (ud‘ dls YO ‘Ia..,.:?.uo )JQLQA TR u’a)?u rn‘)fs_\)‘j -0 J.i..u

ML’LSQ VN4 J.g‘).g 9009 O‘OJA 9 LngoLo O la%fo
o hwgin polio o (Kod oo Gl
S S5 Sy 00 S e Olie 4 gl
Bl gly ( SoSpiie Gt 1 e B ool

el sy glas )l g Les Jilite

3317 motropic Vaciogran
- 248 B 00
E ..........................................................
= 165 O
£
0 O

B3

0o

0.00 072 144 216 283
Separation Distance

g Lo polis (o (b3 oS, Laily, () Joor

Shed 3505 (pizmen a3 e ol ) elis)]
5 Aged Hlaie 4 glas )| g AVl glos bawgio polis
plad )0 (Shed ool 0l &l (7) S
pd (p e MBbes 1093 (VL Hlade I el
5 o298 slaoke 4 bgype 5 AY plp (Ko

=

(H) gyl 5 (M Los bawgia polie o (Jas Ggem )5 Ll T Jgor

5 (S oS Sl e gl TAL B YR o
Noye 5 g5 clools a4y bgspe iy ar o] iyt
el¥sls o U glad (lie ripzren b e
el Tonls 5ol glads lime ol Comdy yioskS

R2 o, o R2 o, o R2 o, ol
-y T =-0.006H + 16.801 ).ST N T =-0.0064H + 37.196 ..\b)a «/af T =-0.0057H + 21.09 Q.:.))j)é
<Ay T =-0.0064H + 14.178 @« «IAY T =-0.0067H + 34.446 JYTRTv) < /aY T =-0.0067H + 27.674 Sl
+/aY T =-0.0063H + 14.171 e AR T =-0.007H + 29.449 Ao AN T =-0.0073H + 33.958 JL\):;
-/1a¥ T =-0.0058H + 16.773 Rerw| -/aY T =-0.0064H + 22.583 UL:T BN T =-0.0065H + 36.713 g%

«IAY y =-0.0064x + 25.419 aYlo

30

25 - »
. F‘-t\‘._%‘
;1 P -
Y 15| T,
3 o S
E1 v=-0006lx +24.754 * 4 5
% il R2=0 22 .
£ 5

1] T T T
0 300 1000 1500 2200 2500

(e 2l
el )l g aVle slos awgio polie (Koo Jloges —F JSo

el bl ol Sos )y 5 elisyl ol S ls (V JS2)
Ayl 4 digel Olsie |y AVl bagie gles g
Lo Jlie glapl 55 )ly Sloogas rizres 0iS oo
(f Jj“\’) el 0l A (¥ JB») 5 €L°J)‘ 5
Gl glaole ;o 30 anels jlake a5 v o lis


http://jwmr.sanru.ac.ir/article-1-491-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

Y liwasS 3ble j0 lsa slod SlSe LiiSTy and ;o jll e o g, cds Judos

2 alale 5 AVl bwgie sles 8y5lp 0 a5
bla olaw oy ool oals @l (O Jyo)
bl 2 (Si9 S e (iSShe b, e ((Rleos
2l cdllhe 0 Lo 5 phage sleasdl L
Sile gy 0 Y 4 Y Sl Glg Giall ies
Sl 00 Bl 6Ua> u,.&lf u.{‘-l) @)5 AS’PLHO
loo lawgie a)ﬂﬁ 3 YL bl ¥ les 1Y

Sl Yl 5 alale

Semivatianca

‘aon 072 1.44 218 282
Separstizn Distance

el g AVl bawgie sled hlitte l S50 ly (o 5 £l )) (5,955 Sl (Al -V JSCs

oS e b alole g AVl lawgie glos Jolais
» ol blte polie j‘_ Fop Egeme o )
wBbos (V Joo2) )3 sl oty ()25 slapl 552y
M 556 oyl Sldlas adlaie jo ools o S
Syalp 3 (S5 piie Glyie 4 gl)] pases Ll
Gl 0als (5,155 55 (6,50 Sldlas ;o lea gles
(YOYYANFY)
O3S b9y 9 Jbelome) slagts, 2l mbs

000 vz 1.44 218 2EE
Separation Distance

eyl g slale 5 AVl langio glos Jlite slapl Top)ly Sloogas ¥ Jouxr

v

ok Joe RSS (x10°) R C/(Cqt+C) C, (C*?) Sill (C°?) (a5 ,0) aiels
9,8 S9S VYD NEYS +/33A -\ -FAAY YIY-
g S9S5 \ISY -/a8 -/29A -\ -OYVY YIY-
ols 5 S9S /2 AYs <1294 -\ Y- Y/ A
% S9S5 VIbF -/a8 -/29A -\ LY YIf-
315 50 S9S VISY AYs <1294 -\ -OAVY YIFY
SRR S9S5 \ISY -/a8 -/29A -\ AN YIE
e S9S VA- AYs <1294 -\ -#AYP YIYY
bl S9S5 VIVE -/a8 -/29A -\ DAY YIAY
31 S35 VoY <120 < [39A -\ —0\Y# ArAR
$ S35 VAY <120 < [39A -\ OV Y/va
o &S VIVY <130 -/29A -\ -0-YA YIAS
REEIW S35 V- <120 < [39A -\ —favy ArAR
FEN W S9S5 \ISY -/a8 \ -\ DAY YIA¥

Sz 595 ) pidar |y Led polie s890> &
5 SemyS gy boesd s aVle gl
by aigad glyie w1y lalas ailais 5 Kooy 55
Al bl slajlns polie gy WS (o0 pgad
sy 4281 S adl 5 S (0 Jyaz) 5o o
g Sl g s plie (e (S e
PB e S S g S ,S slehs,
ORoh () 5 oud agd leands cw)p il e
g ddhis o8 2y fgeza o A ol lid
polae 3l gldlae ashis jo 2l plo b awslis
Aadlise o930 oYL aYle 5 abble leo
dopaca o aaie bl o paS plie ies
g adlate ;o Mol la) oegd; Jao b Ll Gl

il y oo SL3 s 1) odel oy bl Como

Plie couite el slagbs,y om0 Sz S8
welaisl 05 4 1) (5,55 MBE ¢ MAE .RMSE
50 Salo il g 5 dUT gl 09y (ol b .l sols
O Sl g WS vo s w1y )b s maw
Syse @by plad o Soom SS9 Sz S )
2 a8 cubly ledl lgh co g 0390 10 5l yiaS cwyp
LSLO\) J‘?Aﬂ?—a—d ).n)lsbo \))5]).3 B @yb RS )‘ U’“"ﬁ) 9o
5 omnlr () OhlSes 5 Solel slaasdl L
P9y &5 (1) (Suls 5 Lpal,)5 5 (V1) e
cslie T92 glos polie 0yl glp 1) Sz S
Sade i g opeS oLl cdllae claiisls
aibol glaoke 4 bgye i i 4 b)) sloasls
Lj 03 4...@4 LSLQM.: «39>9 U"‘ l) ] 09y ).u 9
Sz )5 Ghgy o5 Cpl 51 Sl 558 g 99


http://jwmr.sanru.ac.ir/article-1-491-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

alalo 5 4Ly Lawgio slos 3510 53 (o GgemsS5 P95 9 506l e slogbs) syl B Jso

P D)

WMA-3

WMA-2

Co-Kriging

Kriging

[S))
RMSE  MAE MBE RMSE MAE MBE RMSE MAE  MBE RMSE MAE  MBE  RMSE MAE MBE ok
Ve S ot [-v° T Y Y e 707 VN S Vel VYYS  aye? V0N VYY© -y 235958
VAT SRR YOS SV P GO ) S5 SR V73 RV S 700 AN 704 YL 7 VIA® VeSS aveP VIAA® VoY SVEY )
VY S VAR SRy P S 07/Y S (RF SRS /'Y Sl /PR S 71 o ARV N & 1/29° e IYoP \ID V/IOA -Ive° ols 5
VAYY e [-v¢ AT/ S TRACRY 2 SR 77 1) s Y . b Vvay? Vea™ P V/AA° Van -Iv¥° I
(VAN YA § SRV IS SRR 1 ¢ N VEVARY Y S )2 SO 01 7 SR N VAP VoYe  em® y/a® V/ov© ¥y° ol 5o
1VAA SRR V) & SY PR R 77\ TV Y\ G LU RN 70 ¢ R I Vvay? VoY y® V/Aav? e - vy 9t
vioo® e /-¢ AZARRSEN 7V YT S L DA 1 VBRI VIYA® VYA® Ivy® V/AS® V/£5° ¥y° e
VACSSNNRYL A LY P SO ) G V/S LY/ S (/0 AN 70} Y/ V/#a® VYVEavy® VIVEP VYYe -Im\° ol
A AL [+1\© ATAR SRR V7Y SRR/ S 1.3 SV A A I\ V/FYP wy? o em® Vio-® Ak ¥y° N
VA < IAYC /- ¢ LA% AR VI A SRS\ S 72 A D P R N V/EY° VEr® o ory® Vi VYYP A¥y° ©o
(VAR SNEYL Y P SR 70 Y € YT S 7/ LR VLV G N o Vo VIYA® IYy® Vigs® VIYA® vy? Oyt
ALY o [-y¢ AZAR R YA LY\ Sl 70 DAY/ VoY Lt VP TAYSSRYA S & VEA® VAP YyP RCEW
VYAS AN [-° ATA R Vi'S LY /YN 0/ Sl L R LR N Vias VIYAS IYy® V/sa® VYN © IYYA® vl

A3

ey o0 an <o A o) gopd) oo (1 A€ gD 4y 00


http://jwmr.sanru.ac.ir/article-1-491-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

ff SliwasS 3ble ,0 lsa slos SlSe LiiSTy and ;o jll e oy, cds Judos

.'ylr'ﬁ'o"z

SISO E SEOOTE

— T

-'g— — e

majnr

T ——
=1 :!a"r.

szeninmE §

Sz )5 g, 5l eolaiwl b a¥le lawgio sles Sl ayje8 adds A JSS

miralor e =zedlnr

z
g — .
=TT ] T

T s

Tee ot H

D L P

S 392y 5l (Sl elil g b Jlite slael 9,
daly S 292y el (pl Sde &5 wBl oo Shie W)
Slllas aslaie o glay)l 5 Lo polie o 4w
SR (rl )3 e slagts; (o)l mls Al
shlo (b g )S, (b, 4z 81 &S sl las
Sl g o das Slayye jsdome Gliee (2yeS
@ 5 Sz 58S 5 S S slahy, Ll il
AYlo 5 ailole sles polie oyl 4 0B g
S (Sl uibyyly Ul @l (rizeen Sl o
G9y 90 53 )l slepatls ol e sl e
Sl gy 99 52 1ol las o s iy whaw 5o
Sz S Py 979 ol bl et SluS S
Sz S5 Ghey 3l i 1) Lo polie goga> G

S o 09l

Hydrology and Hydraulics, 6: 304-320.

S 555 Gy, 3l ool b VLo Lossie sloo S g5 i 4 JSs

slaghs, <ol Qb 4 regn ol e

Ol Sipm S5 Sem S bt beliee
olie ganang V5 Vo slagly b S5y S e
o lacsls a5 ols las o sl Se )l
8,55 YL S sl 5l alale g Yl lawgie
G +/VC™? s Gidol onl )0 Co polie cul oog
olis polie opl ogr b 45 eog e +/NCPP
SIS gy ool @l odlay aiies l555
TAs Y (Kcodr oo b (568 dlail, G 05
oolaiwl g 009y gla,l g dilale lawgin slos olie pu
b gld polie ((SaS e lgeay gla)l )
Jedoscwl ools maldl YA B el Sl

&l

Beek, E.G. 1992. Spatial variabilit;(/) and interpolation of daily precipitation amount, Stochastic

Benavides, R., F. Montes, A. Rubio and K. Osoro. 2007. Geostatistical modeling of air temperature in
a mountainous region of Northern Spain. Agricultural and Forest Meteorology, 146: 173-188.
Carrera-Hernandez, J.J. and S.J. Gaskin. 2007. Spatio-temporal analysis of daily precipitation and
tegw(ferature in the basin of Mexico. Journal of Hydrology, 336: 231-249. ) )
Dadson, R. and D. Marks. 1997. Daily air temperature interpolated at high spatial resolution over a

o g M w DN P

large mountainous region. Climatic Research, 8: 1-20.

George, R.K. 2001. Prediction of soil temperature by using artificial neural networks algorithms. Non
linear Analysis, 47: 1737-1748.

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


http://jwmr.sanru.ac.ir/article-1-491-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

0 WA liasls g 5le N o)leds [ Jlo 5udul 0595 Sy dolidangh

7. 1Hlogzk, R. 2003. Temperature index melt modelling in mountain areas. Journal of Hydrology, 282: 104-

8. Hudson, G. and H. Wackernagel. 1994. Mapping temperature using kriging with external drift: theory
and example from Scotland. International Journal of Climatology, 14: 77-91.

9. Irmak, A. and P.K. Ranade. 2008. GIS based estimation of spatial distribution of temperature and
evapotranspiration in Nebraska. American Society of Agricultural and Biological Engineers. ASABE
Paper No. 083873.

10.Jarvis, C.H. and N. Stuart. 2001. A comparison among strategies for interpolating maximum and
minimum daily air temperatures. Part Il: the interaction between number of guiding variables and the
Bype of interpolation method. Journal Applied meteorological, 40: 1075- 1084.

11. Jeffrey, S.J., J.O. Carter, K.B. Moodie and A.R. Beswivk. 2001. Using spatial interpolation to
clzc%ns?)t(r)lécg gocomprehensive archive of Australian climate data. Environmental Modeling and Software,

12. Kestevn, J. and M.F. Hutchinson. 2001. Spatial modeling of climate variable on a continental scale.
Center for Resource and Environmental Studies Institute of Advanced Studies. Australian National
University. Available at :
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CDROM/sf_papers/kesteven_jennifer/jlkpaper.html

13. Kurtzman, D. and R. Kadmon. 1999. Mapping of temperature variables in Israel: a comparison of
different interpolation methods. Climate Research, 13: 33-43.

14.Hayhoe, H.N. and D.R. Lapen. 2001. Spatially modelling temperature normals in the Rocky
Mountains with kriging and cokriging estimators using ANN produced secondary information. In;
Proceedings Il Conference of Artificial Intelligence, AMS, Annual Meeting, Long Beach, CA.

15.Li, X., G. Cheng and L. Lu. 2005. Spatial analysis of air temperature in Qinghai-Tibet Plateau. Arctic
Antarctic and A dpine Research, 37: 246-252.

16. Liston, G.E. and K. Elder. 2006. A meteorological distribution system for high-resolution terrestrial
modeling (MicroMet). Journal of Hydrometeorology, 7: 217-234.

17.Logan, J.A. and J.A. Powell. 2001. Ghost forests, global warming and the mountain pine beetle
S(\:oleoptera: Scolytldae?_l. Entomological Society of America. 47, 160-173. Journal of Regniere. 1996.

generalized approach to landscape-wide seasonal forecasting in temperature-driven simulation
models. Environmental Entomology, 25: 869-881.

18.Ly, S., C. Charles and E.A. Degr. 2011. Geostatistical interpolation of daily rainfall at catchment
scale: the use of several variogram models in the Ourthe and Ambleve catchments, Belgium.
Hydrology and Earth System Sciences, 15: 2259-2274.

19. Mahdian, M.H., S. Rahimi Bandarabadi, R. Sokuti and Y. Norouzi Banis. 2009. Appraisal of the
ge%staéistical methods to estimate monthly and annual temperature. Journal of Applied Science, 9:
128-134.

20. Ninyerola, M., X. Pons and J.M. Roure. 2005. Atlas clima’tico digital dela Peni'nsula Ibe’rica.
Metodologi“a y Aplicaciones en bioclimatologi“a y geobota’nica (Digital Climatic Atlas of the Iberian
Peninsula. Methodology and Implementations in Bioclimatology and Geobotanic) (on line) ISBN
932860-8-7.  Universidad  Auto’noma  of  Barcelona.  Besllaterra. ~ Available in:
http://opengis.uab.es/wms/iberia/mms/index.htm (Consulted: April 2006).

21.Price, D.T., D.W. McKenney, I.A. Nalder, M.F. Hutchinson and J.L. Kesteven. 2000. A comparison
of two statistical methods for spatial interpolation of Canadian monthly mean climate data.
Agricultural and Forest Meteorology, 101: 81-94.

22.Running, S.W., R.R. Nemani, R.D. Hungerford. 1987. Extrapolation of synoptic meteorological data
in mountainous terrain and its use for simulating forest evapotranspiration and photosynthesis.
Canadian Journal of Forest Research, 17: 472-483.

23. Sanches-Palomares, O., F. Sa'nchez-Serrano and M.P. Carretero. 1999. Modelos y Cartografi’a de
estimaciones clima’ticas termopluviome tricas para la Espan™a peninsular (Models and Maps of the
climatic variables estimates in peninsular Spain). Ministerio de Agricultura, Pesca y Alimentacion.
Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria, Madrid, 192 pp.

24.Soarse, J., A.P. Oliveria, M.Z. Boznar, P. Mlakar, J.F. Escobedo and A.J. Machado. 2003. Modelin
hourly diffuse solar radiation in the city of Sao Paulo using a neural network technique. Applie
Energy, 79: 201-214. ) )

25.Stahl, K., R.D. Moore, J.A. Floyer, M.G. Asplin and I.G. McKendry. 2006. Comparison of
approaches for spatial interpolation of daiIY air temperature in a large region with comglex topography
and highly variable station density. Agricultural and Forest Meteorology, 139: 224-236. -

26.Verworn, A. and U. Haberlandt. 2011. Spatial interpolation of hourly rainfall effect of additional
ir%fgrr%ation, variogram inference and storm properties, Hydrology and Earth System Sciences, 15:
569-584.

27.Yan-Bing, T. 2002. Comparison of semi-variogram models for kriging monthly rainfall in eastern
China. Journal of Zhejiang University Science, 3: 584-590.

28.Yan-Hong, Y., H.A. Nix, M.F. Hutchinson and T.H. Booth. 2005. Spatial Interpolation of Monthly
Mean Climate Data for China. International Journal of Climatology, 25: 1369-1379.


http://jwmr.sanru.ac.ir/article-1-491-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

Journal of Watershed Management Research Vol. 6, No. 11, Spring and Summer 2015 ..........ccooiimieineeeivennnee e ceveeenee e ee . 46

Analyzing the Geostatistical M ethods Accuracy in Preparing Air Temperature Spatial
Distribution in M ountainous Regions (Case Study: Karoun Basin)

Fatemeh K arandish® and Ali Shahnazari?

1- Assistant Professor, University of Zabol, (Corresponding Author: Karandish_h@yahoo.com)
2- Associate Professor. Sari Aariculture Sciences and Natural Resources University
Received: July 25, 2013 Accepted: October 23, 2013

Abstract

The lack of enough meteorological stations at high elevations in mountainous regions causes a
limitation for using regression relations to interpolate air temperatures at different time scales.
Therefore, in this study, geostatistical methods include Kriging, Co-Kriging and Weighting moving
average has been compared with elevation-temperature relation using a data series of 25 years
1975-2000). Evaluating the selected interpolation methods has been done based on Root Mean

uare Error, Mean Absolute Error and Mean Biass Error. Also the ph%sical conception of
estimated values has been anal)ézed based on extracted maps. Results showed that using elevation as
a covariate in Cokrigii]ng method caused a 28% increase in effective ran(T:)e. Although Krigin
method overestimate the monthly and yearly air temperature, no significant difference was observ
in evaluating indices between Kriging and Cokriging methods. Results also demonstrated that both
Kriging and Cokriging method could be u instead of linear regression to interpolate air
temperature in the study area. Anayzing prepared maps showed a decreasing pattern in air
temperature from east to west parts.

Keywords: Spatia Distribution, Radius of influence, Kriging, Co-Kriging, |so-temperature maps
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