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Abstract 

Accurate estimation of rainfall depths and spatial distribution pattern over an 

area are necessary in hydrologic studies for different purposes. Many methods have been 

proposed and widely used such as the arithmatic mean, Theissen, lsohyetal, and 

reciprocal-distance-squared methods. But none of them can duplicates the actual spatial 

correlation structure of the ramfall phenomena. 

A geostatistical technique called kriging was applied in this study for the 

estimation of rainfall depth over an area using available rainfall data at surrounding 

locations. A system of regionalized variables of random process was modelled with the 

assumption of nonstationarity which is also known as the intrinsic hypothesis as defined 

by Matheron [ll. Spatial correlation structure of the annual rainfall m an area of Northeast 

Thailand was studied using recorded data from 1968 to 1982. The average range of spatial 

correlation of the ar,nual rainfall is 40 km. Kriging technique gives better estlInates of 

annual rainfall over a tested area than any other methods with the minimum average 

deviation of 117 mm from the observed values having an average of 1.103 mm. Kriging 

technique provides also better contouring of spatial rainfall pattern such that it smooths 

out the contours in the zone with dense data points and makes contouring possible in the 

zone where data points are scattermg. 
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1m~~n\.n.JT1fl£lmml'v11tl m~um'l"r'n3~Y1n1Y1U1V1mEJtl~'N L-ru 1:;~tn111~~u ml~<6~r.J1U 1~'lItl..J 
~t!ll~~u 'vI1mn~lllit!1c.JU LW~ 

Delhomme[5] lh:;~n'iii.ilTI Kriging 1um1~m;-1"'1~nmu.:;m'iLtl~wLLtll'l~'lItl..Jml~~~ 
c.hu 1~'lItl..J~ 1m! 11~~ULLI'l:;~.m~i1~tlmni1U1EJ"lL!j~'lItl..Jm11'v11'l c..Il'lm1~m;-1Y1tril1TInl"i Kriging 

Yil1~mYll1Urn ml~ 'bJLLUUtlU'lItl..J"lml~<6~~J1u 1~~Ln~'iilln"l~-iimJI'l~i1tl ~tlEJ Lll'l:;~nmu.:;m"i 
Ltl~WLLtll'l~~1~~~~flYl'N'lItl~ml~<6~r.J1U 1~ Gambolati LLI'l:; Volpi[6J.[7] ~~Lltll'l~1TI Kriging L~tl 
1;'tunm11lLc..IU~mf~~1:;~U'lItl..J"lL!j~ LLI'l:;ml~<6~~1U1~'lItl..J~t!11~~uuiL1mUjtl..J Vemce lLI'l::1~ 
1'l'"n-nTIn11 Kriging LtJmfl~&ljjtl~l'l':;mmLI'l~lL~mi1tl~l'vlTIml1YilLLc..IU~LLI'l'~~"l~bLL~i1ml~ 
Ltl~WLLtll'l~~1~~U~'iilln-iitl'JI'l~i1~lu1UL~m!tlEJLLI'l:;'bJI'l'~~ LL~ml~CJn~&lLLJJuejln'iil::~tl~nu 
tJi~lrulLI'l:;fI[unlY1'l1tl~-iitl~l'lw~n~jjtlli Virdee LLI'l:; Go ttegoda[8j mrmUI'l'1111:i1'iil'iilW'lltl~m"i 

~ " li • 

tlTIJ 1ilTI Kriging 1U~lU~lU~Y1mYlEJ1'iJ&lt!11<i1~uY11tl~nU~m;-1 m1'vll"lml~<6~~lU 1~'lItl..J~ 1m!1 

l~~U~"l~mi~'iilln""j''N L~ m ~-lY1tril1~"lLL~n~'N'iillm~U'l ~';nutl~l~ m'h 11.1LLI'l:: 1~l1'l'Utl11Uri11TI 
Kriging L"'~l~'iil::U l~ll;'tummlm\~ "lml~<6~ r.J1U 1~~"l~~'N'l mu~num11';LL1J1Joill'l&l L=6.Jffi LI'l'll 

(Numerical model) 1um1tl1:;~llli"11~EJm1LLni:lqj'vll~tlUn~U (Inverse model) 

1u~1u'lI&lm1tl1::~n'iii.,;nmtl'JI'l~1c.JuJu Creutin LLI'l:; Obled[9j 1~~mtl LtJ1£J1JL~£J1J 
1TInl1YilLLc..IU~lc.JU 6 1TI LLI'l:;I'l'"nl1~iLYlflUf1I'l'~~tlU L'IM 1TI Kriging mmn Spline­

surface fitting m~l'ffitl1:;~llli",t!lc.JU 1~~n1-nTIn11tl~'N~lEJ L-ru 1TInl"iL~~UY1'NII'l'llf1rn~ l~EJ 
L~ Y11:;a~'N fu 1uuiL1lliM~lwJuLtl~ WLLtll'l~lill~~U ~tl ~'N~lmLI'l :;L~ 1~~~ 

1TInl"i Kriging LWm11'l'1'NLLwoill'l&l'll&lffiL~jj"lLtl~WLLtll'l~LLI'l:;~~~mmU~1~ 
LLm~flYl'NW~U~~'l (Regionalized variable) mLL~L1EJn11LW Regionalized variable ~~n~l1 
~~LLT"i tll1fl£lmmiYl'Ntm~'ll'l~<1l'N'l L-ru 1:;~tn111<i1~u 1::~u~h~u ml~m\1'iJtl~~~U"'1tl~YI1~ 
m1Y1EJ1 tJi~llliml~~n'll&l~lc.Ju LW~U 1TI Kriging jjfu~tlU~lf1qj 2 fu~tlutitl fulil€lUllinLW 

m1'vll~n1:lf\.k "'VIi€ll'l'il~LL1J1Joill'l tl..J~tlfuJl EJnl1Ltl~WLLtll'l~ Lll'l :;ml~~~~mj'll&l"l~b LLtl11 ULLU 1~fl 
Y1'N<1l'N'l ~~L1EJn11LWm1'vll Variogram (Variogram modelling) fuliltlU~I'l'&lLWnmh:;~llli'vll"l 
~1LLtl1 lli "l~ l~"l~mi~"'im.M~u~~~u~~ (Kriged estimation) 1~EJmfftrlltl'J1'l1€lu-iil~LLI'l:: 
~nmu.:;'lJ&l Variogram ~~~'iillnm"i~mtl1ufu<;\tlULLin 

t111~ Z(x) LwY1~n-fu~rilm\~"1'iJ&l~1LLtl~"l~ x l~~~flYl'Nful'l'l~ ~~L1EJn 1~11LW 
Regionalized variable 1~n~mjjtlY1~~ Z(x) 1'l'1~1'ffiL;w1~tl~1U~&l~1utl1::ntlUl'l'tl~~1U~~~ 
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Z(x) = u(x) + n(x) (1) 

1~m1 U(X) LL~~ n(x) L1tJfyil Drift LLI'I:: Noise ~l~~l~lJ 

luiTI Kriging ,xu u(x) ~~mm-.Jnm'1l&.lml~i{~~ufi.u&.lfil~~~iilt-l 'l~UUU~U f1~11~~ 
fil'1l&.l U(x

l
) LLI'I~ U(x

2
) ~~~n~.J~~~~~~ Xl LL~~ x

2 
~~ijfm~i{~~urnulu 1i'f1~~~m.mJl~u 

Jll'u&.lYJ.JM'u'1l&l1~tJ!:Y1t-l1~·vrlt-l~~~n&.l 51'\.·,.fu n(x) ~.JL1tJf1'llLw~.J"llJmu,xu~ ::'Wijlm-.Jnm 
'lJ&.lmml'm4~fil~LLUU~U ~~Lfi~~L&ll~tJml~ 'WLLUUflU 

AI".... A :-1.,' '" .t-.::"'''' "' ......... 
m LVI Z(xl ). Z(x

2
).""·".,, .m Z(xn) Lu);fll1l&.lmLLlJlyIL~~1f1m1W'(lf1V11mWf1'il ru xl' 

x
2
·"rn xn imm Kriging '"l::lh:;~lrufil Z(xol ~.JLwfilqr:lLLlhl1~~ Xo 1~tJ~lU1ru'"l1f1c.J~11~'!l&.l 

filmLLl.hffi'~ ru ~~iilWl mtJluu1L1ru~ijB~~flTUJ i{~~urnul~tJijfi-nllmr~~~rl1Jlf11.Jnm 
ml~i{~~ufi.u&lmLL1hLm!;1:;tJ~t-l'"llf1~~ Xo ~.Jd 

(2) 

1~m1 
Z *(X

o
) ~~filfil.h:;~lrul~mTI Kriging 

A LwfilJlmXf1~~~~t-l'l ~.J~~~rl1Jli'n~""iJ&.lml~i{~~ufi.u&lfil~hlLl.h'ill~LLU1 
" 

1:; tJ ~t-l1:;v!1 t-l~ ~rn 11&.l 

~m;ut:;'1I&.l m l~i{~~Ufi.u&.l filmLl1.h~l~ LLU 11:;tJ~t-lm~l'rrmfuJ1tJ 1~~ tJ Variogram 

~LL1JlJ'lJ&.l Variogram ~.JLLI1~.Jml~fl~ltJfl~.JrlU'!l&.lfilfuLL1h1:;vrjt-l~~ 2 ~~ ~mJ'vrnrlu~~f11tJ 
- ,~., • ~ .!-.'::"!., ~ ''f • ,_~,~ "'l ..: f~. 

nl~11t11Lflll:;V!VIl L~'"llnfllmLLu HIL~'"l1f1m11~ ru ~~~t-l'l L~tJmml'm4~flll1.Jf1"1!U'm4.JW~l'l!.JLu); 

filml~LL~f1~t-lL~~EflJ&.l~1~1LLtJ~~~ 2 ~~~~0hlnuLW1::tJ~ h ~.Jd 

r(h) = ~E[Z(X +h) - Z(x)j2 

2 

.. '.~'~ '" f~. Y(h) fl~ flll1.Jf1"1!U'1I&.l V ariogram ~.JLu); Vector function 

h ~~ 1:;tJ~t-l1:;v!1t-l~~ 2 ~~ 

E[ 1 ~~ ~lL~~tJ'(lt-lmii'ilml1'il~ (Mathematical expectation) 

(3) 
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1 n 2 
Y(h)=- L [Z(x +h)-Z(x)] 

2N . _ J J 
J -1 

(4) 

ui£lUltil Y(h) ~l~~£I(j1n'lJ'i:;1J~l-li~l-l~~ 2 ~~ LL~1,nml1uM-J l~L';hn1J~~mcil~un 
"l:;1~LW Variogram mnmLLlJ~Vl'1 mi-Jjjtilln~LfirnnlJ,hmLL~£I~'n~ LL~1jjtilLL~n~l-lnU~ln 

~nlJti~~~~l-l£l£ln 111 Variogram n"l:;jjc\'m:+ru.,~ Y(h) jjtilL~~fn!L~mJ'1 uju7~1J~l-l7:;W)l-l~Vl~ 

2 L~lJ~"lUrn~~mi-J~til Y(h) "l~L;;l~tilf)-J~ ~-JVI~11JmllJ'h~~~mJwl-JElEln1tl'"l~jj fil.rm~LL(j1n 

~l-l111lJlnLLC~::'"Wjjml~if~~utinutilmLL~~~~rila-lfi~lml 7::1J~l-l"lln"lVl L~~~U 1tlrn~~~til Y 

(h) L~lJiifilf)-J~L11JfyJ, Range *-J'YIlJl1Jrn1f1jj~tilv11LL1hiimllJif~~unnu ~1Util Y(h) ~Lih~tilf)\l~ 
.., .,j ".. " ...,~ • 
Li1Jml sm ~\lmm Variance 'llu-J'!J£ll;l,WlL'lfLUnTmlU1ill'YIl Variogram 

lmLlmlJfl ulJfi1L~£I;:'lJ ()\lin Kriging ~"l~l.fitumil if)"il~Ell;l~Jl~u Lumi ~m:+l~ 
~(ijjUllJl"llnlmLln"ilJ'lJ£I\l Knudsen and Kim[l] *\ltl7~nEl1J~11J 2 ~1U~El tmLLm~ MGAMM ~ 
1~unmhu1illVil Variogram "llm11ffi~ ill ~~~l-l'l iL~::1tJmm~ MKRIG *-JlifilU1illViltilv11LLtl1 

ill "l~'VI1tlw~u~q;mm1Yl'il1J"J lnti,ffi~ rn ~~ln~ifi1J-Jt~1Jmif1JfjrnalJumm Variogram fu.,11~ 
lU'ih~VlEluLLm 

tlhiLn"ilJ MGAMM mlJl'ITlf1lU1rn'YI1 Variogram "lln"l~;;El~~(j11lJUU1~f1Yll-lLL~::lJlJ . . . 
'lImmm1::"l11J<illlJ LiU1~f1'YmYiril'YIU~ Lrtm"llnl1tilv11LLtl1m"l"l::jjan1:!ru:;ml~if~.,.'iu~uiL~(1~f1 

Yll-l'"Wmiiuunu tln~Li~1~~1~,j'ul;l~ L'IM 'YI~lJL"ll::rlm"l mm'lmU1~~1~wJn~::'"W£I~'ULLU1L~um-J 
LaimnuLLC1~~n"l~ii1:;1J~l-lnuYi'tJiLUUElU~11JLVI~m1filu1ruVl1 Variogram lu"1ll~mllJLW"l1-J 
~\l~()\l ril'YlU~i::1J~l\l'lJu\l"l~ojJulJ~LW'li1\l'l 1~1J l-iii::1J~1\l"Jlm~~"lliru11tlrn"l~~\lnC11-J'lJm'li1-J . " ~. 

LWtili::1J~l\li~~1J nl"i'YIl Variogram ~ai~"~'Yi11~~mfi~m~~(1m(1nlumml'YIU~'li1-Ji::1J~1-J . . 
iLC1 ::~~'lIU\lmm1::"l11J€lumln~f1Yll-l~n''YIUVl*\l'.il::Lm.11''l::~mfilU1rn~lLL~1~1~nLW ;ilU1U'YI~11J'l 
f1~-li~tl~"l:: lwi:: tmU"lln V ariogram ~filU1ill 1~"llm€llJC1 -iiU<ilUUfl1U 111fi£lmml'YIU~ Variogram . 
Yll-lYl(]1:I5t~L,j'lnuLL~::"llJlj(11tLLY1UnU 1~ai~~~nlJ V ariogram "JlmfJl;lC11~ 1Jmil~ElnY1-Jn~~L'YIlJl:: 

"lJ 
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r(h) = C[15(h / a) - O. 5(h / a) 3] ~1...,fu h<a 

r(h) = C ~1...,fu h;;.a (5) 

1~~ a ~tl Range LL~~ C ~tl Sill 

~ 1 LLa~\lmtlcil-l'IJ&l Variogram ~f1,'\.mul;(~,lI'iimJmL~::LLtn..r-i'~&l'IJ&l Variogram 
~ v 

LLUlJ Spherical ffi~LLY1U'IJ&l~~\I 
1lhLLn1).J MKRIG ~'1,.mu:vmhmLLlhL"'~!.n.JU~U~~L..,,~tJ)J~'nfhmLL1hffi'V\ 1;( m ~V\ . 

'iil-l'l 1tlU'l ~u~~\ln~Y)mtJ lu1f1)j~)j~~~m').J~).J.,;'ufi'iimlu 1V\tJ)j-iiu~tlu~\lLLaV\\lLtJuLLc.JWJ~lu 
~ 2 -iiu~tlULL1mtJum1LLm~U~tltlmtJu~U~~L..,,~tJ).JcitltJ (Block) LL~')\/mh Variance 'lJtl..:Ifhm 
~ 

LL1.hmtJ luu~tln (Block variance) ;\I~'LtJu~&ll;'tunTI ~1U1m-iiuCi\tl ltklln~uLw~'iltlU'IJ&lm1 
f1,U 1m..",,, ~ ,.."un ;\1 LtJum 'J~m1uamit~tl0tlu'l~V\f,1u~n~m&lugtln lunTI~'u 1m..",,,, 
tfi)J,m~'~UL"'~tJ luLL'ii~~~tlm'fltl)J~~1U1mm Variance 'IJ&l"itl1~).J,tun'1 (Estimation 

variance) ~'\.Ul111YJn'lU~tln ;\lc.J~~~~U~~~~tl "'lh::)J,tun'1'!J&ltR).J,m~,~u~~~f,1u~n~l-l'IJtl..:I 
LL'ii~~~tlnLL~~ Variance '!J&lfhlh::).J,tun'1 

~,-------------------------------------------------~ 
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.v.J i1 v • 
Lln:;"'l'Hll'UlIilYl ()~ 'U"ifllJtJiN 

ftlllJiilJ ~'U rin'U tiU~Iil~ mn~ U~ fl fl 

.~ " 
ilO1'U1Vlll"':;U'" flfl 

til 'U1 (ll"" fh mlJl(11Jlc.J'U~~ Iilfl"'l~ 
• d • 

'!liN ll'Jl"';;U'" flflll"':;ftl 
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m'TI'l~~m 1~TIfl1'l~-lfhJiil~~til~Wjl~()th::n-lf1 L~il~n1~TITITIfl1'l~-l'l::m~I'ffiUI~1 
li'tumn.h::J.Jlill,htil ~U~'l~ ~-ltJiliil~~m~l~ l<r,~m~mil~~'llnmnU~'}lL~EN lv1~LY;m 1~ Ll~::'l:: . ~ ~ 

nl~I'TI1U 1~11 i'tum'TI'iILlr,.JU ~ LLn ~-l1::~lJ'lImfl~ I~U l~~LY; EN 1~ 
v'hlu 

~il~~~1i'tum1~n1~lfl~-l~ Lw.um;J~~u1lmu'llnnmU1uml1ill~u~~--1~1~~tl1Jil LL~:: 
'lJilULLr1U ~IU1U 34 (imU ~-lLL(iQ)--11uJlli\ 3 'llniim;J~1lmU~LL'ii~::(imrt~-lw~nl1Liju1::~::l1m 

15 n 'lInn 1968 rn 1982 L1lm~I'TIlfilU1illm~u~ilYiLL.i~::m·nuLi~h.~1::~::L1m 15 n L~Bli'tum1 
~n1~lml~\Jn~mL~~I::(i~'lJm1nfl1'l~-llum1U1::~lillWltR~Irnc.JU~n ill ~Q)~'UJilm11~iil~11 
LL~::m'TI'ilflBUmTIJmtR~nrnc.JU~n'llnfll~filU1illl~ ill ~~'ii1-l'l Ci11~1TIfl1«l~--1 

., . ., 
ft'l,nJJ1CUNU t1.JVnR1U IcuilmGA;i~~ 

~ 3 LL(i~--11~L~~Q)~~'lJm(i~m1~til~u~ 34 (imuvtti'tuml"flm~lfl~-l~ (imU1~til 
~U 7 (imu~il~lumillJ~m~~~1::tJl!JL~~ Lw(imrt~'UJ1~ul'iim;J~~11.;'tum~lflltR~Irnc.JU~-ltJ ill 

~~~n~1-l'lJmwu~timk~Lctm'lln';;il--1nmnll'iiil~I1~~m"lm~ 7 ~-ln~1111Lwfll1li~lilltil~U'l1-l 
L~ilLmWL~WnlJ~I~1~«llnm1filU1illl~mfifl~~--1 

lA'i~m~A11)jiaMi4l~i~ifQii'llil"06illJa~\4~"1I 
.jJilJ;JI1Un.nrnc.JU~n'llnn 1968 rntJ 1982 ~ 27 (imu ~-lmJUBn~u~~m~~~ 1~\.b~11·~ 

lum1~m~lmlm-l(i-hJmlJ.J"'~~uti1u~m Variogram c.m~1v1UnnJ.J)1 ~n1:lt~'lJm Variogram 

il~l Range il~1::vn'}l 17,500 rn 63,000 L.;.J(i)1 lQ)~ilflIL~~W1::mill 40 nl~L.;.J~1 LL~::jj~l Sill 1~~ 
L~~!.1th::J.Jlill 49,950 ~~2 ~1iljjfllml~LL~n'ii'}l'lJmtfi~lrnc.Ju~nffiQ) Ml.u~U~~--1n~l1U1::~ l ill 
224 ~~ 

m~l~ltR~lrnc.JUL~~ !J lu~u~~L~~~~ lu~ 3 l~m~f\~~-l Yill~~~m1LLU-l~U~~ . 
L~~~J.JililnLW~U~~L~~~~~~1m~n'l ~1U1U 18 ~u~tiilmLft1filU1ill~l~ltR~lrnc.Ju~~~nn1-l 
'llil--1~U~~L~~ ~~~~1n'tiu~ 1~ ~ li1u1LLm~ MKRIG mJ.Jlrnc.Jm\i~lJ lU~U~~L~~lJJ.JfilU1illl~~ EMlfll . 
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rll"""JtFh.JlooJU~1-.l",,1'ilffi~ 1~U~U~~L""~~3.I·"nl~~lntilL~~U'lln~rrnn~~1¥JU 7 

~mit ~'il~111~ lu~u~~m~~3.lJu ~-.lLL~n'il'iln3.l1L~'illi'tunT'm.AtJtJL~mllltJf1~filU1m~ln1TIfI~~,J 
Lm:;1~U'l 

f11U13.11rn¥Ju ~-.ltJl u ~u ~Y1~ n'iltJai-.ln ~11n13.l11mi1U1rn l~~lnlTIL~~~Y1l,J Ln'lJmU~ 
(Arithmetic mean) mdM&l Theissen 1~~mffrnrm;jn~'il~~'il3.l1'il~u~~n'iltJ ~n11-.l~ 1 LLn~-.l 
c.Jn~)~~ln1fi~1-.l'l LmtJtJL~tJtJrruf11tfi3.l100JU~1"'~)~~lnm11~ 1:;Vrl1-.ltJ 1968 rntJ 1982 ;-.l~:;Lm.11 
lfifl1"l~,JJuU'iln~ln~:;vill..mTltJlm-.ln-n,'iJ&lm13.l~3.I~UM&ltfi3.l100JU~~~~1-.l'l ~1-.l'il'iln luLL~1 f11 

U1:;3.llrnnl~1¥Juw~Uytt~'l ~filu1rnlMrn ln~L~ rnntJm13.lLiJu"l1-.l3.l1n~~~ ai-.l"l:;Lm.l~"llnm~~ 
" , 

tilm13.lLLliln~1-.l~lntil~i-.l.~am!mM~~ lfiL~a~Ln'iJmUIilLLn:;lM&l Theissen ll1tilln~L~rnntJ 

ml3.1 LiJu ~1-.lLiJuBUaitJ1'il-.ln-.l3.l11il13.lIilaitJ 
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mru!J. film~lru~lr.Ju~tfh~~u~~~tl~~lU1rul~'llmrrGil-l'l LtfhruL~rnJnlJ 
fil~~~'llnnwl~ 

v i 

~,nnn1~ 1n~1'l'i" 1nL"~tJl'1"L"'ll~ti4'11 mil" Theissen 

1~ 

n (lJlJ) ~ Square ~ Square ~ Square 

(lJlJ.) difference (lJlJ.) difference (lJlJ) difference 

1968 1,061 1.192 16,966 1,158 9,256 1,266 41 ,690 

1969 1,490 1,203 82.245 1.280 44,037 1,208 79.651 

1970 997 1,011 178 990 47 1,021 581 

1971 1,199 1,185 202 1,154 1,993 1,152 2,178 

1972 948 972 567 970 488 951 8 

1973 960 1,111 22,796 1,050 8 ,140 1,198 56.803 

1974 956 1,095 19,344 1,128 29,598 1.076 14 ,296 

1975 1,182 1,282 9,919 1,236 2,925 1,346 26,896 

1976 1,080 1,118 1,469 1,168 7,744 1,101 442 

1977 1,159 1,340 32,969 1.270 12,441 1,357 39,511 

1978 1,391 1,347 2,001 1.170 48,825 1,427 1.296 

1979 952 1.013 3,765 1,075 15,188 1.064 12,528 

1980 1,235 1,139 9,251 1.071 26,726 1,120 13 ,143 

1981 787 817 922 918 17,219 768 333 

1982 1,150 1,100 2,536 1,043 11,582 1.109 1.670 

Square Difference 13,675 15,747 19,402 
i 

';lmllJLL'I1nq)"L"~tJ 117 126 139 

q]l~1.Jn~mi1LL~u~LL~~.:]m1Tl1~'llrnm.:]r.Jmil~l1rlvill~~~mif£riitl3J~~lr.Ju rn ~~Gil':]'l 
(jjl~~~'lJmm-nitl~~lr.JULL~1~lnL~uLL~~.:]fiM~nru~lr.Ju 1~ mrrnl1L'li\u~ mnlJm1vilLL~U~ 
I1ijm~(jj1LL~~':]1~~tJ'lJtl':]~1~uvh'l 11.J ~ 4 LijmL~u~mi~.:]m1 m~lU'lJ&lr.JUn 1979 ~~~'llnm1 
~ ~ 

mm~ULL~~.:]m~lrur.JU 1~ ~mif£riitl~~~ lr.JUmVl(jjl~~mit<i\l-l'l ~':]LL~~':] 1u11.J'l~l~ 1~1TIrrnl~1~nu 
~ ~ 

l~rnih lth1'l~Lii~llqjVlltlcil-l~ln 11,.1 mnrn~l~,j'tl3J~ L~&l'llmii~ml~ 'WUUUtlU 1um11.J1~~lrnfil 
1~l-l"l~,j'tl~~U~~m'l'l~'W<il1.:]nlJ'l1l~LU",~1,:] utln'llndLL~1V1lnilml~~~Vl~l~'lJ&l-iitl~~Lii~~~ I ~ ~ 

~~ 1~'l~mi.:] n'l~il~~tlcil-l~lnq\mi'mffi!t'lJmL~ULL~~.:]m:I.Jlrn&-JUlJ1nru1tllJ'l 'l~~.:]n~l1 ~':]'l~'W(jj1':] 
nlJ"'n~nl1L1.J~rnm1.J~':]'lJ&lfil~lr.JU(jjl~ml:I.JlW'l1,:] 
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~ 5 LWLL~U~ml~-lL~Um"ffi'-~~lrnJm~uluiMmnu (1979) Vi)~~lnmilh~~nCiil~ 
ififl1~~-l1~ '.Jnl'-LLili~u ~~m"ltltlmW ~U ~~L'VI~!JJ.J ~tl!J L~n'1 LL~11 mfifl1~~-l ti lU lill'VIl ~ llf'»noo-Ju 

~"l~~n~WlJm~u~~mA-ll'illl1il~lt1iJ.Jlilltil~U~"l~Cill-l'1 m~~lrnihYiuYitl~l-l~~lL~J.Jm)ULlh.ml'­
~~mn lum'-~lnL~ULL~~-lt1iJ.Jloo-JU ~~L~l~llL~ULL~~-lt1iJ.Jloo.JuVi)~l/lm~,-,jLLtnJLL(1~~n~ 

~ 

m'-Lu~WLLU~-l~~tl!JLWf1tl!JluLL(1~~~L~U utln~lndmlJ.J~~~~l~'lItl-l~tlJ.J~~U~~~ l~<l~m1-ln~~'Wil • • I 

~~CilmlJLLtnJLL~~~n~m"ffi'-~~lrnJmL~ULL~~-lt1iJ.Jl oo.Jtu.JlnUn Lrtm~lnf1lmJ.Jloo-JUYh.nUm'l • 
~lnLlfuJuLlJuf1l~tilulrnl~!Jififl1~~-l~lnf1l~mJ~'VIm!Jf1l~tl~luU1Llill~tlmm.IYilll1f1loiim;l~~~~ 
~m~ l~!.JlliLB~~~~ 1~~~m1-l il~~Ciltl~n~m"ffi'-~~lrnJmmJ.Jloo.Jul~!J11l~'llJ.JUtl!J~-l 

~lnmm..rmuYll-lYltl'tl'~LL~~l-mlififl1~~-l~~nul~!JYh luJ.Jll~num'­
~u~titum'-~n'tl'ld ~tl~'ll.Jl~~-ld . 

1) ififl~~-lll1f1lth~J.Jlrunl,-til~u~~~'VI1m.M~u~"Wil~m;J(1nli')~ l~n~L~!J-JnumlJ.JLw 
~1-l ~~tl~J.J m,-l~!Jil mlJ.J ~ ~~~l~ L~~ !Jutl!Jnllifi'VIlf1l L~~ !JYll-lL~'lImU~LL~~ifi'lltl-l 
TheISSen 

2) m,-iLfl'll:;m"l Variogram 'lIm~tlJ.J~til~u ThlL~ll~~~m l~Ll~lLL~~,-~~umrnftum'-~ • 
mlJ.J'VIJ.Jl!J Ll~~~Vi);{~ ~llmm~m;ru,,"T1l'-Ln~ ~u 1 ULLCil~:;,n~ 11lflllil'lJU l~ mtlUfl~J.J~U . . . 
~J.JlnUtl!J LYl !J.ll~ LL~~~tlJ.J~ti l ~u luLLCil~~~~ilmlJ.JilJ.J":;uNi'1.riitlJ.J~~<l ~~l-l L~mJ.JlnUtl!J • • I 

LYlm l~~lm~!J~l-l 

3) Ll~U ~ LL~ ~-l m'ln'l~~l!J'lItl-lmJ.Jlill~uVi)~~lnm,-1~ififl1~~-lll1L~uLl~~-lmJ.Jlill~u~Sj 

fl~mnU~lllYlmlJ,JLW~1-l~lJ.JtlTIJ.J'll'l~ ~n~nTIm~~lrnJmL~ULL~~-lmJ.Jloo-JuVi1~ 

~lnififl1~~-l~~ilmlJ.JBtlU 1'V11Cil~mJ~~~~~~l~ ill "l~ l~~~mi-lutl!JmlifiUn~.;n ltl'lJtl-l 
m,-l'ilLl~um~~u 

4) ifiU'l~J.Jlillm,-ti l ~u 1~!J fl1~ ~-ldL'VIJ.Jl~tl ~l-l ri-l~~ ~ 1 iimuf1 num,-l iiLLUU-oi l~ tl-l L~-lm L~'lI . 
(Numencal model) 'lIm'-~~YlniYl!Jl'lJtl-l~u~-l~mm'-~tll;J~~u~~~Cill-l '1 tl~l-lil~ 
LLtnJLLUUtlU 
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