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(%? +@31JC 8 +NC !' +M_58 %3 SP) 4 7-? b-3 +J%INC *0%' b5 +:, (\"%H? %")1R.p:"() ) b5 SP) 4 7-? b-Q4 !`5 d=E C) *%"
(# \, %N 8 $7;!? +' 1, 8 #!IU (1; D@RC q1QL C) D; $C1J D3 *SE i8%<@?\`,C \, +I`E%Q? SP) *4 !5 +P!R +' 1, C) $ .C) %`? 

q1QL 8 +3!r +' 1,+?  C %2,h SP) *C1H;)!:R!3 sE%Q? 4 1N.() ) D; %&,h # $%"43B3%3 g%-P C)l`-QtN # u`v%' $%`")C8h!3
48C)+:, )%2QH-9 4 !5 C) +.:/ \v%V? $ !3 %2,h )!3C%; *)C ) $!@:; SP) wQ-&5!; +3%5)1R.

B?1@ C".%$:D,%"%? WC%3 *WC%3 +5%ZB [Q; !943B3*TRMM48C) l-QtN *wQ-&5!; +3%5.

*DIN%t? (\Qa51,(\QQ;:ox9 *+P!R OQIR Df1; *$7;!? D?%,!3 4%?#%E 4%3%-F *g8)!B C 1U13 *D-P)%v ^8) Dt.B *4 !2N18b<.N:09102106540
Email: rafatisomayeh@gmail.com

 !" #$%&'(
!

GIS)$*$
[&QE8 C8) # GIS 54 !0%E^C%2f**^1E (C%:R7-5%91391

Vol.4, No.3, Autumn 2012 Iranian Remote Sensing & GIS

64-49



,+%>7 "8$+-"!%3D$ .  /"+

 ! " #$ %&'(GIS$)*$+
,-(.!-/0 .1( 2!-34 56)-71391

50

1-;&@9&
[-`9 $ !3 WC%3 +5%ZB +M\Q; !9 Y-P) b-:cN+`Q-3

O@a`-E oC) 8 b-`?# 8 qh y3%Q? S5!5\? *u-E$%`"
S`E O`2? C%-a`3 +`@B!:")Kamarianakis et al.,

2006((# \, C) SP) )1L8 %3(%G@a5 $!-Mu-U) D3 *%"
(# \`̀, b`̀5 4)1`̀3 )8\`̀]?$!`̀-M8 D`̀=V, l`̀5 D`̀3 %`̀"

+:, *WC%3 )%5# +5%ZB 8 +,%?# $!5X9!--KND3 %2QN 4 1N
() )%<@; %2,h $%"D`3 z)!`;C) $%"C1H`; C) {1>`F

(%G@a`5 O; !N D; ()%@B C8) YJ%Q? 8 DAE1N 0%'$%`"
(# \, +`:-.P !`v%Q/ $!`-M`D`3$ !`3 ` WC%`3 (_`58

Sa-, +B%; | \" # $C%-a3.
(C 1"%`̀? )8C8 %`̀3D`̀") C) +`̀E%QR 1" $%`̀"1970*

(C 1"%`? !58%>N Y5!J # WC%3 b-:cN 4%t? O" !`B $ 
SE (\R)Levizzani et al., 2002(.u`-U) D3 (C 1"%?

+`R#C %3 y3%`Q? +,%`?# ^8 \`N 8 +,%2L [R19 b@R )
D3 *WC%3 [5%9 $ !3(%G@a`5 \`P%B +' 1, C) (_58$%`"

4 C%3D3 +B%; +&QE+? C%:R\5h.O-V@a`? C1`J D3 %2,h
)1588!t-? $e!, [&QE Y5!J # (O-V@a`?!-r %`5)# 

48)%? 8 +}!? [3%N [&QE Y5!J7`?!P( C +N%`/xJ 
+`? O" !`B WC%3 C \V? 8 y5#1N (C%3C)\,#%`E)Arkin,

1989.(~1`? 01`J $%"\,%3 # ()%<@E %3 WC%3 b-:cN
8 SE%"!3 # \-RC1F C1, g%tA, 4 7-? g%E !3 *+}!?
D`̀&-@, C) 8 !`̀ 3 S?%c`̀6 # S`̀E +>`̀F%R y`̀P 8 C)

WC%3 \-U1N 0%:@' .%`?) 7-, 7?!P 48)%? $%"\,%3 C)$
+M\QHFC)1\`-U1N $ !`3 +>`F%R 4 1Q/ D3 !3 d=E

+? )C8h!3 WC%3)1R.D`; S`E (\`R ^1`.A? \`Qf !"
$%`?) %`5 +}!? ~1? 01J C) j%3 g%tA, %3 %"!3 +?%:N
)%`&5 WC%3 7?!P 48)%? ~1? 01J C) O; +M\QHFC)

+:,\`-U1N WC%`3 D`; +5%`"!3 +?%:N *�t/!3 8 z\QQ;
+?%3 g%tA, \P%B *\QQ;b-5%9 +M\QHFC) $%?) 8 j\, 

)Levizzani et al., 2002.(+;\`, i8%`<N i%P8 +"%M
WC%`3 $%"!3 d=E $%?) b-3)1`L8 WC%`3 48\`3 8  #

DVIJ D3 D; )C )!`&Q? +RC%3 YJ%Q? # +@EC)%, $\Q3
+?)1R)Rodgers, 1981.(

b-:cN$e!, [&QE Y5!J # *WC%3 O-V@a? $%"

c9 %5 qXL 1588!t-?D3 (\R [qh i C� D.-E8)*C%c3
\?%L 8 y5%?(() ) b5 u5\IN 8D`3 WC%`3 4 7`-? D`3 %"

+? SE)\Q5h.(1-Rb58\`N $%"�%`INC g%`E !3 (\`R
b-31SB%5C) O}x/(\Q&QE # (\RS`U%' 8 4 7`-? %3 %"

S`E $!<a:N 41@E C) )1L1? qh)Kummerow et

al., 2001; Mugnai et al, 1993; Smith et al., 1992.(
# ()%<@`̀ E %`̀ 3 WC%`̀ 3 4 7`̀ -? b-`̀ :cN $ !`̀ 3 W8C 8)

() ))C ) )1`̀L8 1`̀588!t-? $%`̀".# ()%<@`̀ E 08 W8C
C%H@, [3%ND@B%52SE $!<a:N qh i C� # )+L 1`? 

!5# �,%;!B %3GHz20.((\`R !H@Q? [3%N D; %&,h # 
C%H@, S-.3%P 4 7-? D33u`-U) D`3 8 SE D@a3 8 d=E

tQ5 b`5 *S`E bG:" 8 O; %5C) d=E C%H@, S-.3%P D
)C ) )!3C%`; +`E1,%-P +' 1, C) %2QN W8C.�1=`E C)

S`-.3%P 4)1`3 !`-K@? 7`-, 8 4)1`3 j%3 u-U) D3 +tHF
+`̀ ? ()%<@`̀ E ^8) W8C # *C%H`̀ @, )1`̀ R.!`̀ -F W8C

(\`5\9 !`� !`3 1`588!t-? [3%`N ["%; 4 7-? g%E !3
[c94S`E qh i C� D.-E8 D3) �,%`;!B %`3 +L 1`?

$j%`̀ 3GHz60) (Mishra et al., 2009(C) 41``f
y`IQ? )1`F WC%`3 i C� *0%`AB!-r 1`588!t-? �,%;!B
+`t57-B8!t-? i%-v1>`F *\Q@a" [3%N ["%; (\:/

D`3 !3 +`? +5%`E%QR +31`F)1`R)Rosenfeld, 2007(
sE%Q? ~1?8!t-? ~ 1? # 4)!3 (!23 b5 !3%Q3(1-R # !N

%N # ()%<@E (# \`, $ !3 7?!P 48)%? 8 +5!? [3$!`-M
S`̀E WC%`̀3.() ) �A`̀6 D`̀=V,# D`̀; 1`̀588!t-? $%`̀"

(C 1"%?\-RC1F $%"wQ"h)LEO(5+? SE) D3*\`Q5h
S`E%2,h +,%?# 8 +,%t? �-A6 l-t<N iC\P.# $ !`3

+? *�V, b5 4)!3 b-3() ) b5 4 1N() ) %`3  C %"$%`"
(C 1"%? # uv%' 7?!P 48)%?%"b-?# $wQ"h)GEO(6

` \Q@a" +31F +5%ZB 8 +,%?# l-t<N iC\P $ C ) D;

1. Brightness temperature
2. Emission
3. Emissivity
4. Scattering
5. Low Earth Orbit
6. Geosynchronous Earth Orbit
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4%:" %? %`3 +31`.=? 4 \`Qf D`=3 C \`R !`;� D; C1J
)C \, WC%3 !5)%V?)Arkin and Meisner, 1987(^%r) 

)!;.() ) g%`E !3  \`@3 C1`�Q? b5\31`588!t-? $%`"
()# b-`̀:cN b-5%`̀9 l`̀-t<N iC\`̀P %`̀ 3 WC%`̀3 4 7`̀-?

+?\,1R.() ) # ()%<@E %3 ��ED; $7?!P 48)%? $%"
D3() ) D.-E8(\R (!I-U%; ~1?8!t-? $%"�`M *\, $%`"

+? !9  C +5%ZB 8 +,%?#\QQ;)Huffman et al., 2007(
0%E C) b5 !3%Q3O@5C1GU b-Qf b51tN %3 !-F $%"+5%"

b-:cN D; C j%`3 l-t<N iC\P %3 WC%3 4 7-? # +5%"
SE) D3+?ut`R DQ-?# b5 C) $)%5# SB!H-9 *\Q")

S`E D`@B!M)Turk and Miller, 2005; Kidd et al.,
2003; Sorooshian et al., 2000; Kuligowski, 2002;

Joyce et al., 2004; Kinoti et al., 2010.(
(C 1"%`? !58%>N Y5!J # WC%3 4 7-? b-:cN%`3 $ 

(C 1"%`̀`? q%`̀`N!9TRMM1? 1`̀`, !`̀`F 8 C)!I1997*
SE ()!; $)%5# SB!H-9)Kummerow et al., 2000;

Simpson et al., 1996.((e8!`9 (C 1"%`? b`5 q%N!9$ 
%t5!? +5%ZB 4%?#%E b-3 o!@H?2|%H`@; �`, eh 8

b9 e +5%ZB3(C%' YJ%Q? WC%3 [5%9 $ !3s`QL 8 $ 
(C%'8 4h # u`v%' (\`R ) #h 4%2, $%?!M b-:cN *$ 

 !3 !-��N%`N 8 S`E +,%`2L O-.Pi%`/xJ 7`-, 41`Q;
S```E ()C8h O" !```B WC%```3 (C%```3C)  C +```R#C %3

)Kummerow et al., 2000(TRMMu?%`̀ ``R
(\Q&QE7?!P 48)%? 8 +}!? $%"\,%3 $ !3 0%AB!-r $%"

)4VIRS(1``588!t-? *)5TMI(C ) C l``5 b-``Qp:" 8
+E%QR 1")6PR(SE .|!`J # +`<.@c? ij1>`]?

`̀ 3 (e8!`̀ 9 b`̀ 5 () ) s`̀ -;!N %# u`̀ v%' ^%`̀ F $%`̀ "
(\Q&Q``E() ) 8 (C 1"%``? b``5 �``.@c? $%``"$%``"

(\Q&Q`̀ `E!`̀ `G5) $%`̀ `")7AMSU-E*8AMSU-B8
9SSM/I(SE (\R D} C .O@5C1GU )%&5 $%"$ !`3 (\R

+? WC%3 b-:cN8 7`?!P 48)%`? !58%>`N ^%r) %3 \Q, 1N
\`-U1N $!`@23 l`-t<N iC\`P %`3 +Nj1>]? 1588!t-?

\QQ;.TMPA10D3 D; SE +:@5C1GU D.-E8GSFC11

SE (\R D} C )Huffman et al., 2007.(
() )$%`̀``"43B3b`̀``5 ij1>`̀``]? D`̀``.:L # 

O@5C1GU \, .() ) b5 8 1`588!t-? i%`/xJ # �%N\`:/ %"
7`̀?!P 48)%`̀?)b5\`̀Qf # D`̀@B!M!3 s`̀5!N D`̀3`̀?(C 1"%

1FCb-`̀ ?# 8 wQ"h\-`̀ Rw`̀ Q"h.(+`̀ ? )C8h!`̀ 38 \,1`̀ R
?u:@HDE WC%3 !5)%V? !3 \, l`-t<N iC\`P %3 D@/%E

/ / 0 25 0 25         +5%-B !KL �!/ #  +,%2L \Q3!:; C) 
o50    %N +31QL o50 +U%:R  .  () ) D`/1:&?      D`,%"%? $%`"

43B3       l`-t<N iC\P %3 7-, / / 0 25 0 25     u`v%' *
 O@5C1GU  b5      ) ) #  4h $%`=F ["%; $ !3 D; \, (   $%`"

 #  uv%' +"%G@a5 12GPCP) Rudolf, 1993 ( ()%<@E 
           () ) D`; s`-N!N b`5  D`3 zS`E  (\R     D`E $%`"   D@/%`E

TMPA  () ) D3          +?%:N ��E 8 \,\R u5\IN D,%"%? $%"
() )   D`E $%`"       d-]>`N s5!`6 0%`:/  %`3 D@/%`E) () )

  (%G@a5  /42B3 (    \`,\?h S`E) D3 . b-`:cN      b`5  $%`"
  Y`̀ -P) C%-a`̀ 3 O@5C1`̀ GU  #  !`̀ N b-`̀ :cN !`̀ G5)   $%`̀ "

(C 1"%? $   \, )Nicholson, 2005.(1234567 89101112  
 +3%5#C  g%E !3    $%"IPWG13      D`; ij1>`]? b5  *

            S`P) $ C ) 0%`' b-`/ C) *\,C ) +5j%3 l-t<N iC\P
     \Q@a`" +`.:/ $%`")!3C%; $ !`3 +B%;)Ebert et al., 

2007; Feidas, 2010 .(     (e8!`9 (C%`3C) !@H`-3 i%`-}7L
TRMM@5C1`̀GU  *O D`̀3 $%`̀"  W# )!`̀9 (1`̀], 8 D`̀@BCC%;

() ) 4 C%`̀t:" 8 �`̀U8  C %`̀"14) 2005 (()!`̀; D`̀} C  \`̀,  .
        () ) b`5  S`P) +3%5#C  $ !3 $)%5# i%AU%=?      ^%`&,  %`"

   S`E  (\`R)Gottschalck et al., 2005; Tian et al., 
2007; Tian and Peters-Lidard, 2007; Villarini 

                                                           
1. Tropical Rainfall Measuring Mission 
2. National Aeronautics and Space Administration 

(NASA) of the US  
3. The Japan Aerospace Exploration Agency (JAXA) 
4. Visibl Infrared Scaner 
5. TRmm Microwave Imager 
6. Precipitation Radar 
7. Advanced Microwave Scanning Radiometer 
8. Advanced Microwave Scanning Unit 
9. Special Sensor Microwave Imager 
10. TRMM Multisatellite Precipitation Analysis 
11. Goddard Space Flight Center 
12. Global Precipitation Climatology Project 
13. International Precipitation Working Group 
14. Wolff et al. 
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and Krajewski, 2007; Habib et al., 2009; 
Anagnostou et al., 2010 .(() ) b5  +EC!3    4%H`, %`"

 D`̀3 %`̀2,h $%`̀=F 8 | !`̀],  D`̀; ) )  �%`̀]U #  {1>`̀F
    g%-V? C) WC%3 ) \FC +5%E%QR        8 +.>`B 8 D,%"%? $%"

    S`E  D`, #8C #  !`@:; *D,j%`E) .Tian et al., 2007; 

Hughes et al., 2006 (  #  !`@23 +&5%@, ^!M 01>B C) 8
 D`3 )!E 01>B  +`? S`E)    \`Q"))Tian et al., 2007; 

Villarini and Krajewski, 2007 .(   Da`5%V? b-`Qp:"
 ij1>`̀ ]?42B3qh 8 +tH`̀ F C)  4%H`̀ , %`̀ "  (\`̀ Q")

  S`E  qh C) %=F [5 7B )Tian and Peters-Lidard, 

2007 .(    ij1>]? b-G,%-? C1J D3TMPA WC%`3    $%`"
 b-:cN +AP 8 4 7-? #  !@H-3  C O;+?  \Q,#)Habib et 

al., 2009 (WC%3 8   !`@:;  C )%`5# $%" .   4 7`-? b5 !3%`Q3
  b-:cN b5  SP)      (C8) 8 +' 1, D3 %"     D@a3 8 +:-.P  $%"

SE  .               !N\`5\L �ca`, C) $)%`5# \`' %`N utH`? b`5 
) Dca,6 ( SE  D@B%5 ["%; ij1>]? b5 )Nazrul et 

al., 2007.(  
 l`̀ -QtN 8 %`̀ "C%-A?    +3%`̀ 5#C  $ !`̀ 3 $)%`̀ 5# $%`̀ "

b-:cN 3 $%" SE  (\R )%2QH-9 WC%)Gebremichael 
et al., 2005; Hong et al., 2006b; Ebert et al., 
2007; Hossain and Anagnostou 2006; Hossain 

and Huffman 2008 .(  b`5  b-:cN Y-P) +3%5#C  $ !3
           !`" C) $)%`5# +"%G@a`5  i \"%H? D3 *ij1>]? k1,

  01.ETMPA  SE  #%-,  .    -G,%`-? s-N!N b5  D3   WC%`3 b
(%G@a5        )C8h!`3 C \`V? %3 01.E !" C) yP 8 $%"   C) (\`R

   +? Da5%V? 01.E 4h  )1R .        +3%`5#C  C) *0%`�? 4 1`Q/ D3
 8 +`̀ `Q5Cx58+ta`̀ `L !;1) 2007 ( *%`̀ `:"x;  C)23 

               b`5  D`@IU  8 z\`R D`@B!M !�, C) 01.E !" C) (%G@a5 
 (\5  S-AP1?            )1`L8 YJ%`Q? #  $C%-a3 C) D; SE  +Uh

)C \, . =? C)     4 C%t:" 8 s-I' DAU%)2009 (  !5)%V? %2QN
01.`̀ E   (%G@a`̀ 5  D`̀ E uP \`̀' D`̀ ; \`̀ R +3%`̀ 5#C  +5%`̀ "
4 C%`̀3 S`̀R ) )1`̀L8 4h C) +&Q`̀E . C) +`̀.; C1`̀J D`̀3

     uP \' D3%H? +&QEC%I@/  i%AU%=?8  *3   8 1   (%G@a`5  
    01.`E $ !3 s-N!N D3     $%`"5/2  *1   8 5/0     01`J D`LC) 

  R D@B!M !�, C) +5%-B !KL �!/ C) +5%-B !KL SE  (\
)Dinku et al., 2007; Chokngamwong and Chiu, 

2007; Ncholson et al., 2003; Xie and Arkin, 
1995 .(%N            d=`E C) ij1>`]? b`5  #  l5 �-" 41Q;

   S`̀ E  D`̀ @B!G, C !`̀ P +3%`̀ 5#C  )C1`̀ ? 4 !`̀ 5  .  D`̀ 3 #%`̀ -,
 DV=Q? +&QEC%I@/            ij1>`]? b`5  +5%`, 1N oC) 8 $ 

     u`-.]N C) S;!`R $ !3    -.P  $%`"      ^%`&,  iC8!`6 *+`:
  +? bR8C  C +N%AU%=? b-Qf )#%E .  S`P) DAU%=? b5  C)

      D,j%E 8 D,%"%? WC%3 k1:&?43B3)   0%E 01J C)   $%"
2001   %N 2003 (    () ) #  ()%<@`E  %3     (%G@a`5  $%`"    $%`"

 $e1U1N%`̀ :-.; 8 l-@91Q-`̀ E)O-`̀ .P  +`̀ E%QR ( 4%?#%`̀ E
    \Q@B!M C !P +EC!3 )C1? +E%QR 1" .  () ) q%`c@,     $%`"

3   D,%"%? WC%43B3           b`5  D`3 *!`G5) ij1>`]? b-`3 #  
               !`G5) ij1>`]? #  !@H`-3 %`2,h S`P) D`; SE  u-U)

SE  (\R +3%5#C .  
  

2- !"#$% &'(%  )$*% 1  
             !"#$% &'!() *!+ *!, -./$. 012, 345(6 7$. 08    9'!:

             +'!$;0. 9./!+ <80.8  !=.%./> ?1!@6  A4BC. %  $'4>./DE
F8.8   F0.1:'G 9':     H I'JK=. L0'+ 9.M .    -N ;. I'JK=. 7$.

      C. 3O'!@G 08 .0 P$'!K= -.1!K+ *!, Q!R. F81!+ %0B  !!A4
  8/, *S$'5G TBKJG .       U8%M!(G 08 *!V)'WG 801G *5W@G

 N 25 3  '!!!6   N 39 47   %  $'!!!4>./DE X/!!!Y 
 E 44 5  '6   E 63 18 4>./DE Z1O 80.8 0./C  $'.  

  
3- !"#$% +,' , &-(%   

F8.8      *=':'G L0'+ 9':43B3)       $'[!> \4]^6 _0MC '+
o25/0  $'!!4>./DE *!!E08  ( *!!$1=.` F0%8 082001 '!!6 

 /aG'!!R82003    Q$'!!R ;. <-./!!$. F8%M!!(G 08 b!!C.% 
http://daac.gsfc.nasa.gov/precipitation c./JK!!!!R. 

d/= ;. F8'^KR. '+ % M=MH  0.e>.Orbit Viewer THOR *+ 
 Q!!!G/>ASCII 9./!!!+ fg!!!R % hM!!!=M$8/" i$M!!!a6 
i4B(6        d/!= 08 90'!G. 9'!:   0.e!>.     9'!:Excell % Spss % 

  *25= *4j6 9./+    *!@jk 9':     d/!= 08 9M!@+   0.e!>.ArcGIS 
 M=MH -.1l./> .      *=':'G L0'+ *Y1AmG QC8  +'$;0. 9./+

                                                           
1. Villarini and Krajewski 
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   *=n'R %43B3  F8.8 ;.     9':F'oKS$.       % \4Kk1@4!R 9'!:
16'A4B,         FM!H F8'^K!R. 012!,  R'@H.1: -'G;'R 9`1)

          !G .0 -N  $'[!> p@,./!k *, QR.        i]!H 08 -.1!61 
 8/, FM:'2G .      ql'!H ;. 01!r@G 7$. 9./+      90'!GN 9'!:

 _%'!!^6 74o='!!4G '!!:1) Bias(  3!!BWG 0M!!C 74o='!!4G <
_%'^6  ':2) MAE(    '!:'Wl 0s!E d%8 *2!$0 74o='!4G <3 

)RMSE(    $.0'!, t$/u <4) CE (      oKS!aA: t$/!u %
k     QR. FMH F8'^KR. -1R/4)  v+.%01  '6 4 .(   *!, '!m=N ;.

  /$8'5GBias   % MAE   % RMSE     F;.M!=. M!w.% *+     9/!4"
*KS+.%            <M@KS!4= t!R'@G 80%N/+ QC8 *S$'5G 9./+ % M=.

               9./!+ <Q!R. M!V+ -%M!+  x!l'H *!,  $.0'!, t$/u
     -']G 08 FMH80%N/+ /$8'5G QC8 *S$'5G      F'!G % '!:    9'!:

  -1"'=1")  L0'+ -.e4G '+ _%'!^KG (    0./!C F8'^K!R. 801!G
Q>/" .  *@G.8 t$/u 7$.      +  ^@G ;. 9.     Q!$'j=)  _0'!jG
T4Vu (   '!61)    i!G', _0'!jG (80.8 .    t$/!u 74!@yA:

         z'!a60. -.e4G 744V6 9./+ 90'4VG -.1@Y *+  oKSaA:

QR. FMH *aR'(G <F8.8 *Y1AmG %8 74+  Wl.  
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iS :FMH80%N/+ 0.M5G  
iG :F;.M=. 0.M5G 9/4" FMH  

  

  
 i]H1 .F'oKS$. b$;16 *+ 9`1)16'A4B, % \4Kk1@4R 9': 0', *V)'WG 801G *5W@G 08  +'$;0. 9./+ *K>01234  

  
                                                           
1. Mean of error 
2. Mean absolute error 
3. Root mean square error 
4. Coefficient of efficiency 
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       ql'H 7$. <FMH 80%N/+ L0'+ QC8 744V6 9./+    '!:
            M=M!H  +'!$;0. % *a!R'(G  $'[> %  ='G; {WR %8 08 .

         F8'^KR. '+ F'G /: 9./+ 01,sG t$./u % 'Wl -.e4G .MK+.
       F'oKS!$. 08 d%8 % Z%. *!a6/G 9':'Wl 74o='4G ;.   9'!:

    Q!R8 *+ *V)'WG 801G  M!=MGN  .   *!+ fg!R     |08 01!r@G
    ql'!H <'Wl  "M@,./k  o=1o}        01,s!G 90'!GN 9'!:

)  v+.%01   '6 4 (         74o='!4G ;. F8'^K!R. '+ F'oKS$. /: 9./+
       F'G Z1O 08 d%8 % Z%. *a6/G 9':'Wl       801!G F0%8 9'!:

          -./!$. {WR 08 -N  $'[>  "M@,./k % *aR'(G <*V)'WG
  M=MH F8.8 p$'A= .       *!~.0. 01!r@G *!+ -'$'k 08    !R'45G 

           *=n'!R L0'!+ ?1!AmG QC8 -.e4G < $'j=  +'$;0. 9./+
43B3      -%08 \4@]6 ;. i�'w /$8'5G %    /,  +'$$ <�@4m

M=MH *S$'5G.  
F/,'S!!Y1) 1376(-'$M!!jG %  !!A4w0 <2) 1382( <

  9e!!$eY % 0'a]a!!R  !!E/>3) 1385 ( % 91!!R1G/4G %
-.0'!!]A:4) 1389 ( L%0 *S!!$'5G %  !!R0/+ 08  9'!!:

-%08     < $'[>  +'$   9./+ L%0 7$/Kj+ .0 �@4m$/, L%0
-%08 F8/,  +'$;0. L0'+ /4DKG  +'$ M=N .  
/,$  P$.0  )1AVG �@4m    74G; \4@]6 7$/6    9./+ 0'GN
-%08      p4k 7$/Kj+ *, QR.  +'$   @4+         '!+ .0  !Wl 9'!:

 /^!� 9'Wl 74o='4G5    !G Q!R8 *!+    M!:8)Cressie, 

1993 .(  ;. F8'^K!!R. '!!+ *!!W5= /!!: L;0. L%0 7!!$. 08
?1AmG  L;0.  =;%           Q!R8 *!+  o$'SA: 08 d1BVG 9':
 G    M$N)  *W+.05 .(-;%         z'!5= 74+  oKSaA: *E08 *+ ':
F;.M=.  9/4"    p4k z'5= % FMH    !@4+       % 80.8  oKS!+ FM!H

 -;% bAE      /+./+ *24A: ':1 QR.  .  -;% 7K>'$ 9./+    9'!:
    *+  $'[> 9/$sk/44D6 .MK+. <*@4j+       '!$ f='!$0.%1, *B4R%

   *aR'(G d./"1$0.% G    81H)  *W+.06 .(     01!r@G 7!$. 9./+
         d%8 % Z%. *!a6/G  $'KS!$. M$'+)    f='!$0.% % 74o='!4G (

F8.8    88/" 35(G ': .      < !+/m6 d./"1$0.%  R0/+ ;.  [V+
            !+/m6 d./"1!$0.% /$8'!5G *+ 9/r= d./"1$0.% ZMG \$

  G L;./+  M+'$ . G1AY   ZMG 7$/6       9/!r= d./"1!$0.% 9':
_0'aY   ;. M=. :ZMG   Wl 9':6<9%/, 7 $'A= <8 R1" % 9 

         d./"1!$0.% ZM!G 9'!:/KG.0'k 3$/O ;.) i4!R10   *!@G.8 <
/4��611   *VWC /�. %   9.12 (-;%     p4k 9./+ *@4j+ 9':    @4+

 *!!+  $'[!!>    !!G qJ2!!G �!!@4m$/, *B4!!R% M=1!!H .
)Goovaerts, 2000(123456789101112  

 *W+.0)5(  
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s i si
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 *W+.0)6(  
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 *W+.0)7(  
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sZ :p4k 0.M5G FMH  @4+  
i$ :-;%  

si sjZ , Z :F;.M=. 0.M5G  *W5= 08 FMH 9/4"i % j  

i j(s s )"% :�4= L./k  
a :/4��6 *@G.8  
b :i4R  
/!!+L%0 Q!!C8 -.e!!4G  +'!!$;0. 9. -%08 9'!!:   +'!!$

    bO'5KG  m@R0'aKY. L%0 ;.  $'[>13   G F8'^KR.   81H .
         !G �sw *W5= \$ L;0. <L%0 7$. 08       0.M!5G % 81!H

    C'+ z'5= �'R./+ -N        !G 80%N/!+ FM!='G   88/!" .  fg!R
 �sw 0.M5G       G FM=.8/"/+ 81l 9'E *+ FMH      7!$. % 81H

      G _01� *+ z'5= d'A6 9./+ 80%N/+    !G d'm=. .em   8/!4" .
            /$8'!5G %  545w /$8'5G ;. -1KR %8 '+  )%ME -'$'k 08

p4k   @4+     G QR8 *+ FMH     G *, M$N      -N �'!R./+ -.16

                                                           
1. Asakereh  
2. Rahimi and Mahdian 
3. Faraji Sabokbar and Azizi 
4. Mirmosavi et al 
5. Unbiased 
6. Linear 
7. Spherical 
8. exponential 
9. gaussian 
10. Sill 
11. Range 
12. Nugget 
13. Cross-Validation 
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    ql'H ;. F8'^KR. '+ %  9':        /!r= 801G L%0 QC8 <90'GN
8/,  +'$;0. .0.  

  
4-D2#EF   

ql'H          ?1AmG QC8 -.e4G  R0/+ 9./+ *, 90'GN 9':
   *=':'G L0'+43B3 +     'G 9./+ <M@K>0 0', *  F    TBKJG 9':

    Z%ME 08 Z'R1    i]H % 2 FMH *~.0. < M=. . 9'Wl /$8'5G
     Z%ME 08 FMH c081         *!R F0%8 i!, *!+ z1!+/G    *)'!R

       i]H 08 *,  )'w 08 <QR.2       /!: 9./!+ ':'Wl /$8'5G 
QR. FMH F8.8 -'2= \4]^6 *+ Z'R.  

        _%'!^6 74o='4G <F8'^KR. 801G 90'GN ql'H 74)%.
L0'+    F;.M=. % FMH 74AJ6      FMH 9/4")Bias (   *!, QR.

xl'H        \46'AKS!4R 9'Wl -.e4G 744V6 9./+ QR.  .
-'A:        !G *!rw�G *, 01O           F'!G %8 9'@�K!R. *!+ <81!H

      _%'!^6 74o='4G *, *4$%` % �0'G       Q!R.  !^@G '!: . 08
 F'G /o$8           -'2= 81l 74A: % QR. Qa�G ql'H 7$. ':

 G     24+ 74o='4G 01O *+ L0'+ *, M:8  VC.% -.e4G ;. /K
   QR. FMH 80%N/+ -N . F'G 08       /aG'!R8 <�0'G <*$01> 9':

        ;. /!KA, 'Wl -.e4G 7~%` %5       L0'!+ 74o='!4G M!�08 
QR. .          8%M!w *=n'!R L0'+ 9./+ ql'H 7$. 0.M5G23 
 B4G   QR. /KG .-'A:         i]!H 08 *!, 01Oa2    F8.8 -'2!= 

     Z'R 08 _%'^6 74o='4G <QR. FMH    9':2002   % 2003 
'5G 08 Z'R '+ *S$2001QR. *K>'$ p:', .  

  

  

  

  
 i]H2 )a <b <c <d % e(. ql'H t46/6 *+  90'GN 9':bias <MEA <RMSE <CE % R *=':'G L0'+ ?1AmG  +'$;0. 9./+ 43B3Z'R 08   9':

2001 <2002 % 2003  <f : ql'H _'='R1= *S$'5GCE '+ R  



43#A< -=/3 5-'#8C/ , .&-3 

   ! " #$ %&'(GIS$ )*$+  
0-(,!-./    ,1( 2!-34    56)-71391   

56 

       !"#$ %&!#' ()*+&)$)MAE (     ,-!./ ()*+&!)$ 0
102    &3&#' /045$ )RMSE ( 6&$ /2       78 9:-!); 29< %&3
6&$              78 /02 &=+> ?/&; @8A)$ ,; ,BCD &; ,E F<8 19G %&3

 FH)+ /&I:+8 .       ()*+&!)$ &!; J&)K /2 &#' @8A)$ ,L+&MN
              O0&!P:$ QR$&!E ,!5):+ S2C!T ,!:U9G 9I+ /2 &=+> ?/&;

 2C; V38C' .  @8A)$MAE   0 RMSE      ,+W&!< ?/&!; %89; 
    20VX Y)D9D ,;120   0 188 Z")$         Q&![.9\D ,!E F<8 9:$

   ZG/A; ,;40   0 60       2/C$ ]&< ,< ?/&; ()*+&)$ V^/2 
F<8 2&.7 @> /8V\$ 0 S,_`&#$.  

       a'&!T /8V\$ ,; ,BCD &;CE  b)_!c       d.&!:+ (.9!D
  6&$ ,; eC;9$       O08 0 ,$ %&3)     0 F-=[.2/8 &; 9;89; Q&[.9\D

2829$ (  ]&<2001   F<8 )  fgT)d2 .((    a'&!T /8V!\$
CE    (.8 /2          (h0i /2 0 9P^ 78 9:jE 6&$ 02)   9!;89; Q&[.9\D

 2829' &; (  ]&<2002     @&-+ 0 SF<8 9P^ 78 9DW&; ZEV+8 
Z$          6&$ (.8 /2 6VT 2/0>9; ?/&; FK2 ,E V32     /&)H!; &3

 F<8 b)_c .    )K2 a'&T (.8 J&<89;       /2 d.&!:+ (.9!D
&$     $&:k< 0 f./0> %&3[      F<8 6V$> F<2 ,; 9)  ]0VB1 .(

@&j3    IXR$ ,E /Cl Z$ ,        ]C!l /2 a'&T @8A)$ S2CT
6&$          2/82 m3&!E 0 m.8AU8 n0&MD ,; ]&< %&3 .  (.89;&!M;
Zj+                  0 Z!D/89X Z!Go.0 &!; 8/ d.&!:+ F!K2 @8A!)$ @8C!D

6&$ Z:;Cl/ FH+82 p[D9$ &3.  
  6&$ Z$&jD /2        ?/&; 9.2&\$ (); Z*:H[j3 Y.9c &3

   678V+8 0 6VT 2/0>9;          @&!M)jl8 q#!< /2 6VT %9)G99 

 ZM:U9.4r V^/2 F<8  .   Z$ @&-+ Z*:H[j3 Y.9c   V32
          0 6V!T 2/0>9; ?/&; (); Z*M3&j3 @8A)$ (.9:-); ,E

  678V!+8 9.2&\$          6&!$ /2 6V!T %9!)G !<$&:k[     s-!N ,!; 9
Z$     6&$ /2 @> /8V\$ (.9:jE 0 2/C'  0 ,./CU 0 (h0i %&3

  J/&$)  ]0VB1 .(   fgT /2f2     a'&!T ,+&3&$ O89))tD 
CE      F<8 6VT ,H.&\$ Z*:H[j3 Y.9c 0  . !j3@&    /C!l

  Z$ ,IXR$ ,E            Q&![.9\D a'&!T 02 (!.8 O89!))tD S2CT
  uM3&j3 0 ,;&-$  V+8 .         @8A!)$ Z;&!.7/8 S9!*.2 O/&![v ,;

    a'&T (.8 J&<89; d.&:+ FK2          &!; Z+8V!MN O0&!PD &!3
2/8V+ 9*.Vg..  

     S?/&!!; @8A!!)$ /2 2/0>9!!; F!!K2 Z;&!!.7/8 %89!!;
a'&T            78 9:jE 0 9:-); ?/&; 609G 02 %89; %/&$> %&3
()*+&)$ V+V$> F<2 ,; 6/02 fE ) ]0VB2 .(@&j3  ,+CG

Z!!$ ,!!IXR$ ]0V!!B /2 ,!!E  p!!<C:$ /C!!l ,!!; S2C!!T
?/&;             Z!_K80 /8V!\$ 78 9:-); S()*+&)$ 78 9:jE %&3)  &!;

    9;89; O0&PD ()*+&)$79/6 Z")$   9:$ ( 6VT 62/0>9;     0 wV!+8
?/&;             Z!_K80 /8V!\$ 78 9:jE S()*+&)$ 78 9:-); %&3)  &!;

  9;89; O0&PD ()*+&)$ 86/7- Z")$   9:$ .(     a'&!T 02 9!3
RMSE   0 MAE           9DW&!; ()*+&!)$ 78 9:-!); 609!G %89; 

             /&!I:+8 78 /02 S?/&!; /8V!\$ (:U9!G 9I+ /2 &; ,E F<8
FH)+ .     a'&T 02 2&M:<8 ,;CE      SZ*:H![j3 Y.9!c 0 

           2/0>9!; %9DW&!; FK2 &; ()*+&)$ 78 9:-); ?/&; 9.2&\$
6VT V+8.  

  
 ]0VB1 .a'&T  %89; %/&$> %&3 ,+&3&$ 0 ,+W&< ?/&; xCj5$ Z;&.7/843B3]&< /2   %&32001 &D 2003  

   ,.C+8i   ,./CU  J/&$  f./0>  $,  (h0i  ,).0i  O08  &:k<$9[  9[:E8  9[$8C+  9[$&<2  ,+W&<    

Bias(mm) 51/4 41/0 66/0- 91/2 29/3 17/0 58/0- 92/2 28/1 14/5 81/5 70/1 27/23   

MAE(mm)  74/18 22/15 28/19 08/17 38/11 32/4 47/3 21/7 28/10 19/17 89/23 77/29 85/119   

RMSE(mm)  56/29 76/24 77/28 69/27 92/19 56/9 61/8 48/16 05/32 90/48 42/43 13/57 02/188   

CE  47/0 34/0 31/0 62/0 29/0 44/0 40/0 33/0 57/0 46/0 37/0 48/0 58/0   

R  68/0 54/0 56/0 75/0 62/0 54/0 65/0 75/0 79/0 67/0 67/0 71/0 77/0   
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 ]0VB2 .a'&T  ,+&3&$ ?/&; xCj5$ Z;&.7/8 %/&$> %&343B3 ()*+&)$ 78 9:jE 0 9:-); ?/&; ,vCj5$ 02 %89;   
  ()*+&)$ 78 9:jE  ()*+&)$ 78 9:-);  

Bias(mm) 79/6 86/7- 

RMSE(mm)  36/18 78/50 

MAE(mm)  16/8 46/29 

CE 7/4- 34/0 

R  54/0 62/0 

  

  
T fg3) a Sb Sc 0 d .(a'&T Z.&yU z.7CD Y)D9D ,;  %/&$> %&3bias SMEA SRMSE 0 CE ,+&3&$ ?/&; xCj5$ Z;&.7/8 %89; 43B3 /2 

]&<  %&32001 &D 2003  

  
4-1-   @A%B )*%CD E*+#4         FGH/ )(%G*+!" ,%G$

 '!%(43B3  
@&j3      fgT ,E /Cla3   Z!$ @&-+        /8V!\$ SV!32bias  /2 

     @89.8 n9{ 0 ]&jT)ZX8C+  /C-E @8/&;9r  (   F!<8 9DW&!; .
  a'&Tbias        fX8C< %&M|:<8 ,; S/C-E e&\+ 9:-); /2 

      F<8 F[|$ S@89.8 n9{ 0 /A' %&./2 .     S9!*.2 O/&![v ,;
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            /8V!\$ 78 9!:jE @8/&;9r ZX8C+ /2 ?/&; p<C:$ /Cl ,;
                @8/&!; s!E ZX8C!+ /2 0 F!<8 6V!T ()!j}D @> Z_K80

9:-); .  a'&TMAE       /C-E n9{ 0 ]&jT /2 19   &D 65 
Z!!")$  78 9!!:jE 9!!*.2  l&!!M$ /2 0 9!!:$18Z!!")$   9!!:$

        a'&!T 0 F!<8 6VT 62/0>9;RMSE       ()!j3 ,!; A!)+ 
       /C-E n9{ 0 ]&jT /2 Y)D9D32   &D 131  Z!")$      0 9!:$

  78 9!!:jE 9!!*.2  l&!!M$ /231Z!!")$  9!!:$ . fg!!Td3 
 a'&!!T ZGV!!ME89r Z*+C!!*NCEZ!!$ @&-!!+ 8/  V!!32 .

@&j3     Z$ ,IXR$ ,E /Cl     282 ,vCj5$ FK2 S2CT6    %&!3
43B3       FH!)+ ,;&-$ @89.8 b":}$ e&\+ /2  .   nC!MB /2

  678V+8 &D 0 %AE9$ ZX8C+ 0 79[`8 6CE ,:T/   ZX8C!+ /2 %8
    6282 ,vCj5$ (.8 S@89.8 ZK9T     Y<&M$ ~FK2 VK&U &3    SV!+8

   a'&T 89.7CE        F!<8 9P^ 78 9:jE ZX8C+ (.8 /2  .  &!$8
            a'&!T (!.8 @8A)$ ,E /C-E Z;CMB 0 Z;9{ ZX8C+ /2

 ; Q&DVjv   78 9DW&5/0    Z!$ 8/ d.&!:+ SF<8     ZM:U9.4!r @8C!D
29jT9;.  

  
4-2-      '!%( J#KL FH/ ;<*%9& 43B3   J#KL %( 
;( FL/ -.!/ '.! +"  M&: =21>*8? )(%*  

    ,+W&< ?/&; �C#<)]&<    %&32002  S2001   0 2003 (
6282 78 62&P:!!<8 &!!;  %&!!3230 0 �):rCM)!!< 6&*:H!!.8 

  %iC`CD&j)"E)  fgTb4 (  @0/2 ?0/ 0   Z;&!.   u!M)5.9E 
F<8 6V$> F<2 ,; Z`Cj_$.  

    6282 ,!gM.8 f)`2 ,;         s!3 ,+W&!< ?/&!; %&!3    V!+0/ 
        Zj+ F)_[D ]&$9+ z.7CD 78 s3 0 VM:T82 Z.&yU    SV!+29E

         f.V![D 0 ]08 ,[D9$ Z"E V+0/ 78Box-Cox     9:$8/&!r &!; 
2/0           102 0 ]08 ,![D9$ Z.&:H.8 e9T @29E /89K9; %89; S

     09E 189GC./80 ]V$ 0 VT 62&P:<8     %89!; SF!=B @0V; %
     FU/ /&E ,; Z*.&Hj3 @70 ,[<&�$ .    ]V!$ n&}:+8 %89;

  m)r 9.2&\$ 8V:;8          ]V$ 93 %89; &#' 9.2&\$ 0 6VT ZM);
          @0V; %09E 189GC./80 ]V$ 78 F.&=+ /2 0 V.29G ())_D
 V!!T 62&P:!!<8 S&!!#' (.9!!:jE 2&!!5.8 f!!)`2 ,!!; F!!=B

)        F!G&+ &!; V!+9;89; 189GC!./80 %&39:$8/&r :06/0  f)!< w :
68/2d+/ w :Km124.(  

 fg!!T /24) b,a (  Z.&y!!U ZGV!!ME89r Y!!)D9D ,!!;
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