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Abstract--Recently, a computer algorithm was presented for joint esUmaUon of random functmns, tlus 
cokngmg techmque demonstrated the uuhty and increased accuracy obtained through best hnear unbmsed 
esttmatmn based on auto- and cross-correlation A worthwhile extension of cokngmg ~s coconchtmnal s~m- 
ulauon, a techmque whereby several noncondmonally s~mulated random functmns are condtuoned using 
coknglng Although cocondlUonal s~mulatmn can be performed, one random functmn at a Ume, using 
kngmg, th~s can result m an incorrect portrayal of the cross-correlation between the s~mulated random 
functmns Th~s is parUcularly true ffone, or several variables ~s sampled sparsely Cocon&Uonal s~mulatmn 
based on cokngmg correctly reproduces variable cross-correlatmn independent of variable samphng denmy 
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INTRODUCTION 

Condmonal stmulauon (Journel, 1974a) Is a reedon- 
al~zed variable techmque for the slmulaUon of the spa- 
tml dlstnbuUon of a single random functxon This 
techmque is condmonal m that the slmulaUon, ff de- 
sired, is forced to assume actual data values at spatial 
locatmns where the random functmn was observed. 
W~th the development of generalized cokngmg (Carr, 
Myers, and Glass, 1985), the feaslbthty ofcocondltmnal 
simulation was assured This advanced techmque al- 
lows several random functions to be s~mulated, more- 
over condmoned, at once 

Succinctly restated, cocondmonal s~mulatmn is the 
s~mulaUon of spatml coreglonahzaUon (Journel and 
Hmjbregts, 1978, p 516) Its purpose is to model spaUal 
sltuatmns comprising several variables of interest One 
example revolves bentonite depoms, here, pH, silt 
content, and dry compresswe strength may be ~mpor- 
rant (Myers and Carr, 1984) Another example revolves 
the development of tripartite earthquake response 
spectra, each a portrait of peak values of acceleration, 
velooty, and displacement as a funcUon of natural fre- 
quency of wbratlon dunng earthquakes (Carr and 
McCalllster, 1985) To model these muataons correctly, 
all vanables of ~mportance must be considered 

At present, the slmulaUon of spatml coregaonahza- 
tlon revolves the preparatmn of several conditional 
s~mulatmns, one per random funcUon of interest This 
process suffers from two major drawbacks 

(1) If N random functions are important, it is te- 
dious to execute a condmonal s~mulatmn pro- 
cess N times, especaally f iN  ~s large 

(2) Except at the data locaUons used for condmon- 

rag, the cross-correlation between two random 
functions can break down Th~s ~s parttcularly 
true ff any of the random funcuons is under- 
sampled 

These drawbacks may be tolerated, however, for the 
sake of s~mpltclty 

Developing a procedure for cocondltmnal stmulatmn 
has the benefit of achieving correct cross-correlatmn 
between simulated random funcUons This procedure, 
because it relies on cokngmg for conditioning, ~s more 
expenswe than single vanable condmonal slmulatmn 
This expense is offset by the convenience of multiple 
s~mulatmn m one program run and by the increased 
accuracy obtained m the reproductmn of cross-corre- 
lation Moreover, from a quanUtatwe standpoint, the 
CPU reqmred for cocondmonal slmulaUon is roughly 
twice that required for condmonal s~mulatlon for the 
same number of random funcUons, hence the mcreased 
cost ~s not exorbitant 

A REVIEW OF CONDITIONAL SIMULATION 

Each condmonal simulation begins by forming a 
noncondmonal s~mulat~on Such a slmulauon com- 
pnses a spatmlly correlated random function hawng a 
desired histogram and vanogram A noncondmonal 
sxmulatmn, however, except by chance, lacks certain 
desirable spattal attributes Conchtlonmg proxades these 
spatial attributes 

Because the prehmmary stage of condmonal slmu- 
laUon begins by forming a noncondmonai slmulaUon, 
th~s latter procedure is emphasized m~t~ally It is ac- 
knowledged that noncon&Uonal s~mulaUon ~s the most 
mathematically ngourous and fundamental aspect of 
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F ILE :  EXAM DATA * VNISP CONVERSATIONAL NONITOR SYSTEM 

2 
50~50•  5 . 0 0 ,  5 . 0 0  
2 5 0 . 0 , 0 . 0  
666666663.OO 
1 
5 . 8  t • 1 . 0 0 1 . .  2 0 4 3  • .  0 3 7 3 • - .  0 3 8 8 , .  007 • • O01"/2~- .  0 0 2 2 • -  • 0 0 0 2 • .  0 0 0 1 6 t 8 0 . 0  
5 .  9 5 4 , 2 . 9 7 8 ,  . 2 4 3 , - ° 0 3 0 9 1  °0425•  . 0 0 4 9 9 ~ - . 0 1 0 4 • - . 0 0 2 9 • . 0 0 0 5 3 • . 0 0 0 2 5 ,  80.  
1 
0 . 2 0 ,  L . 3 0 , 8 0 . 0 , 0 . 0 ,  L.O 
1 . 6 0 ~ I O . O , 8 0 . O t O . O t l . 0  
1. BO• 1 1 . 3 0 , 8 0 . 0 , 0 . 0 ,  1 .0  
0 
1 0 6 . 5 1 1 1 1 2 . 1 8 , 1 1 . 0 , 1 8 . 1  
q l  o 1 7 . 1 3 2 . 3 6 . 7 . 0 0 0 , 1 0 . 2  
102 .28  1 3 3 . 2 1 ~ 7 . 0 0 0 , 1 5 . 6  
63 .37e  J 3 2 . 5 5 , 6 . 0 0 , 6 . 1  
135°1~41 1 . 0 , 5  oOOt lo7 
5 7 . 8 1 , ; 4 8 . 4 9 , 5 . 0 0 , 2 . 3  
1 8 2 . 8 9  7 1 . 8 5 t 5 . 0 0 , 1 . 0  
1 0 4 . 1 7  , l f S . 3 9 t 6 . O O r 4 . 5  
9 4 . 8 3 •  i ] 3 .  c~0 t 5 . 0 0 •  2 . 1  
141.20~ 9 1 . 8 6 , 6 . 0 0 • 6 . 2  
141 .20  l b 4 . 3 2 , 5 . 0 0 t 2 . 3  
1 0 8 . 8 1 , 1 6 3 . * , 3 ,  b.  000•  1! .7  
1 5 2 . 3 1 ,  [ 4 3 . 4 7 t b .  OOt 7 .6  
2 0 . 0  • 2 2 0 . 0 , 5 . 0 0 t l . 5  
7 1 . 7 1 •  1 6 7 . 2 4 • 6 . 0 0 , 2 . 3  
1 0 0 . 0 , 2 2 0 . 0 ,  5 . 0 0 , 2 . 0  
9 8 . 9 5  • 4 4 . 4 I  t 6 . O 0 , 3 . 2  
9 0 . 0 5 , 1 3 1 . 4 4 , 7 . 0 0 . 9 . 9  
1 4 5 . 0 0 t 2 2 0 . 0 , 5 . 0 , 2 . 0  
2 2 5 . 0 0 p 2 2 0 . 0  ~ 5 . 0 p 2 . 0  
1 4 5 . 0 0 ,  l 8 0 . O , b .  O0 t 3 . 0  
2 2 5 . 0 0 , 1 8 0 . 0 t 5 . 0 0 , 2 - 0  
185  • 0 0 , 1 4 0 . 0  • 5 . 0  t 2 . 0  
2 2 5 . 0 0 • 1 0 0 . 0 0 , 5 . 0 • 2 . 0  
2 2 5 . 0 0 ~ b 0 . 0 ,  b .O,  2 . 0  
1 8 5 . 0 0 , 2 0 . 0 ~  5 . 0 , 2 . 0  
1 8 5 . 0 . 2 2 0 . 0 , 5 . 0 , 2 . 0  
2 2 5 . 0 0 . 1 4 0 . 0 • 5 . 0 , 2 . 0  
0 o 0 • 0 . 0 •  0 . 0 ,  0.0 
I 
169.(:7~ 5 8 . 9 2  
1 8 9 . 8 2 , 1 3 0 . 0 8  
7 6 . 4 9 , 1 7 3 . ~  
1 3 1 . 4 3 , 9 2 . 2 8  
1 2 3 . 8 L • 9 7 .  L7 
1 4 1 . 5 9 ,  q ~ . 5 0  
1 5 5 . 6 6 , 7 1 . 1 5  
1 2 0 . 6 8 • 9 J . 3 9  
t 2 0 . e b , a 0 . o 5  
1 4 3 . ~ 7 , t 0 0 . 3 9  
0.0,0.0 

Figure 1 Example data set for two variable coconditlonal s~mulation, Hermltmn transformatmn 

a condmonal  simulation model  Condit ioning s~mply 
involves linear est lmatmn and then differencing 

Noncond t t l ona l  s tmu la t lon  m one  d t men s t o n  
Let T represent a collection of  random numbers, 

and l e t f b e  a weighting function Then, a one-dimen- 
sional random function (RF), Y(u), Is defined as (Jour- 
nel and Huljbregts, 1978, p 505) 

~ - o c  

Y(u) = f ( u  + r)T(r)dr = T , f  (1) 

Y has a covanance  in th~s single d~mensmn, expressed 
as 

Cl(S) = az'f*J~ (2) 

where a 2 is the variance of  Y Because Equanon 1 de- 
scribes a convolution,  a method of  moving averages 
can be employed Hence, Equation 1 becomes (Journel 
and Hu0bregts, 1978, p 505) 

+ o o  

Y, : Z t,+k.f(kb) (3) 
k = - c o  

This lnfimte sum can be chpped, and it ~s sufficient 
to use only (2R + 1 ) values, t,+k, to form y, Therefore, 
Equation 3 becomes 

+R 
v, = ~, t,+k'f(kb), (4) 

k~ -R 

wlth, f (kb)  = k, for a spherical covanance,  and t,+k = a 
random number  with mean = 0 Thus, y, has a mean 
of  zero and a fimte variance 

E x t e n s i o n  to three dzmens tons  the  m e t h o d  o f  

t u r n m g  bands  
A noncondmonal  s lmulanon Is needed in three-di- 

mensional space The preceding development,  how- 
ever, was for a one-d~menslonal, stanonary RF An 
effectwe, cost-efficient techmque ~s desired for extend- 
lng the one-dlmensmnal  s lmulanon to three space 

In three space, the simulation of  a RF can be en- 
visioned as the sum of  an mfimte number  of  single- 
dimension simulations along hnes passing through the 
center of  a sphere This center is the point at which 
the simulation will be obtmned in three space This 



FORTRAN IV program for cocondltlonal simulation 

SIMULATION RESULTS 

IF NCOL,GT.70) THE FOLLOWING 
IS EVERY OTHER COLUMN BY EVERY 
OTHER ROW. 

632223223322172233~36~655~33545555655~5~ .446a55~5  
3 2 2 1 2 1 1 1 2 1 2 2 2 2 2 3 2 3 ~ 3 3 ~ 3 ~ 3 ~ 4 4 5 5 5 5 4 5 ~ 4 3 ~ 4 4 ~ 4 4  
321121111117233433333~45~55~55433355555~43~543443~ 
2 2 1 1 0 1 1 0 0 0 0 2 2 2 3 4 4 3 3 3 3 3 ~ 5 5 ~ 4 4 4 5 4 4 3 3 5 4 4 ~ 3 5 6 4 3 3 ~ 3  
2 2 1 2 | 1 0 1 0 0 0 2 ~ 3 3 ~ 5 4 ~ 5 5 4 5 6 6 5 ~ 5 5 5 5 ~ 5 5 4 4 ~ 4 4 5 5 5 3 ~ 4 5 ~  
2 3 2 1 0 1 L O l | O L 2 2 3 3 5 ~ 5 5 6 6 6 5 5 5 ~ 5 5 5 6 5 5 5 5 6 3 ~ 3 ~ 5 5 ~ 6 4 ~ 2 ~  
1 1 2 1 1 0 0 0 0 0 0 0 1 1 ~ 3 4 ~ 4 7 6 6 5 5 5 ~ 4 4 5 5 5 5 5 5 5 ~ 4 4 3 3 3 ~ 4 ~ 3 2 2  
Z 2 2 0 [ l l O | O O t i t 2 3 3 5 5 6 6 7 6 6 5 4 4 4 5 6 5 5 5 5 6 5 6 5 6 2 3 ~ 5 4 ~ 4 3 3 3  
2 2 2 2 | 1 1 1 1 0 0 0 1 2 2 3 ~ 5 5 6 6 6 5 ~ 5 5 6 5 ~ 5 5 5 5 6 5 5 6 4 ~ 3 4 3 ~ 4 3 3 3 ~  
~ 2 3 2 2 [ [ 1 0 0 1 2 2 3 ~ 5 6 6 6 6 T 6 6 6 6 6 5 5 5 6 6 6 6 6 6 5 5 5 5 5 4 ~ 4 4 ~ 3 4  
5444322 |1222~3~4455556777777676667667oS656555~4445  
5 4 4 ~ 4 2 2 2 2 2 2 3 3 3 5 ~ 5 6 6 5 7 6 7 6 6 7 7 7 8 6 7 6 6 7 7 6 5 6 5 5 6 6 7 6 6 ~ 3 4  
6544433233233~445556666667777777677675665678765~32 
55~43433433~3334~56655655666776777765~566778766432 
56554~44~44~33356666655666667777787755677T98766533 
66655654~444~34555655556655~56666777767667887555~  
6 7 7 7 6 6 6 5 ~ 5 5 ~ 4 5 6 5 5 6 6 6 5 6 5 ~ 5 5 4 5 5 5 5 6 7 7 7 7 8 7 7 8 8 8 6 6 5 5 ~  
& 8 8 7 7 6 6 5 ~ 4 4 5 5 ~ 5 5 6 6 6 6 6 6 5 5 6 6 ~ 4 5 5 ~ 5 7 7 7 8 8 8 7 7 8 8 7 7 6 6 5 ~  
677765655555~5666765455554~34~56777777887655~4~ 
6 7 6 7 6 6 6 6 6 5 5 6 5 4 5 6 7 1 6 ~ 6 ~ 5 5 5 ~ 3 4 4 4 5 5 5 6 6 7 6 7 8 8 8 8 7 5 ~ 5 4 4  
6 6 5 5 6 6 6 7 6 6 5 6 5 6 6 6 6 6 6 6 4 6 6 4 ~ 4 ~ 7 3 4 ~ 5 5 5 6 6 6 7 7 8 8 8 7 6 5 5 4 4  
655566667666666766775655~3~33~6463655555T?87766655 
66566666766777766766566545~4344~3~565566778776766  
5666665567667777777555565#553334336~44555678778766 
66555555575667778665656565544323233644555567777667 
565556656666678777566666555433Z3234~34555677677777 
566465655655666776777767554333223233~3555667667777 
555556655556666777788776553336313333~5566666777767 
666555565566556777R8888665533622234~45666677777766 
666555554S~656667TR878767553442234~565666777767765 
555565564456667775777776666~4~22~5666666777777656  
55454~5~344565666666566665443433445566667667656655 
6 6 4 5 4 ~ 3 5 5 5 5 6 6 6 6 6 6 6 5 5 5 6 5 5 5 4 4 4 5 ~ 4 5 5 6 7 7 6 6 7 8 7 7 6 6 6 6 6 5  
66556446~655655566665~5546456555~56777677788666655 
7 6 5 4 5 5 4 ~ 5 5 5 5 5 5 ~ 5 5 5 6 5 4 5 ~ 4 5 ~ 5 5 6 6 6 7 8 8 7 7 6 7 8 8 7 7 7 6 5 5 5  
665466~554555345555~4~4~3444566777887667788777655  
666565555~4~3544544~44~44z#,43456768877777788776655 
677666554~3~333~44~3~4~5~334555777788777878876656  
bT6675554~46~2333~44363~44~454567788887788876b?64  
bT7665646435323333~44434533~544577788888788876545  
6 7 6 6 5 5 5 5 5 4 4 ~ 3 2 3 4 4 ~ 4 ~ 4 3 ~ 3 3 4 5 ~ 6 6 T T T 8 7 8 8 8 9 9 9 7 5 5 4 4  
5 5 6 5 5 5 5 5 5 5 4 3 3 3 ~ 5 4 ~ 4 4 ~ 5 4 ~ 3 3 4 4 4 5 6 6 6 6 7 7 7 8 8 8 9 9 6 6 6 5 3 3  
5 5 5 5 5 5 5 5 4 ~ 3 4 4 ~ 5 ~ 4 ~ 4 ~ 3 3 3 ~ 4 5 5 6 6 6 6 6 6 7 8 8 7 8 7 7 5 ~ 5  
55545555443445455~654~4~333~3445567666677678765555 
654555~.56445565665655~33344~445556666655676~66666 
3435555~555655567665654~33343455556665555555666666 
33224.4.5~5545566667654~543333345555665655~555656667 
3232655555~5667667766654~434446564566336566556666  
~B344555554666777676666544544555554554345666566676 
33343~555665666677766655543565334~34~3~4556665666  

LEGEND 

MAP VALUE LOW RANGE HIGH RANGE 

0 - 0 , 3 7 E + 0 1  - O . 3 0 E + O l  
1 - O . 3 0 E + O I  - O . 2 ~ E ~ O I  
2 - 0 . 2 ; E ~ O I  - O . t T E ~ O [  

-O,  ITE*O!  - O . I I E * O I  
4 - O , I I E + O I  - 0 , 3 9 E ~ 0 0  
5 - 0 . 3 9 E ~ 0 0  O.Z7E+O0 
6 0 . 2 7 E ~ 0 0  0 , 9 3 E ~ 0 0  
7 0 . 9 3 E ÷ 0 0  O.16E+OI  
8 O . I 6 E + O I  0 . 2 3 E ~ 0 1  
9 0.23E+01 0,29E+01 

Figure 2A Untransformed, nonconditlonal simulation, van- 
able 1 
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SIWULATION RESULTS 

IF NCOL,GT,70)  THE FOLLOWIFIG 
IS EVERY OTHER COLUMN BY EVERY 
OTHER ROW. 

432223223322122233~3~3~55~433545bS565545~44435545  
322121112122222323~3346~4~3334444555545443444~6~44 
3211211 |11122334333334454554554333555554434543443~ 
22 |1011000022234433333455444454~33544444~544334463 
2 Z | 2 1 1 0 1 0 0 0 2 2 3 3 6 5 4 ~ 5 5 6 5 6 6 5 ~ 6 5 5 5 5 ~ 5 5 ~ 4 6 4 ~ 5 5 5 3 3 4 5 ~  
2 3 2 1 0 | ! 0 1 1 0 1 2 2 3 3 5 4 5 5 6 6 6 5 5 5 ~ 4 5 5 5 6 5 5 5 5 4 3 6 4 3 4 5 5 6 ~ 4 2 ~  
112110000000 |12344476656546~5555555~66333444~4322  
222011101001112335566766544456555565654236544~4333 
2222111110001223655666565565655556556~63~3~44333~  
6423221110O12736~5666676666655566666655555~44~3~ 
54443221122233~4555567777776766676616565655544~5 
5~444222222333544566576766711867667765655667664~34 
65464332332334~S556666667777777677675665678765~B2 
55/~J~343343343334~S6655655666TT6777765~566778766432 
5655~444~4~33356666655666667777787755677798166533 
6665565~464~43~555655556655~56666777767667887555~4 
6777666546455~65655666565~554555567177877R8866554~ 
688716654~455~5566666655664455~457778881788776654~ 
6 7 7 7 6 5 6 5 5 5 5 5 ~ 5 6 6 6 7 6 5 ~ 5 5 5 5 ~ 3 3 ~ 4 z ~ 5 6 7 7 7 7 7 7 8 8 7 6 5 5 ~  
b767666665565456776564555~334~555667678888754544 
6655666766565666666h466~43234~645556667788876554~  
65556666766666676677565543433644~3655555T?87766655 
66566666766TT7766766566545343444~34565566778776766 
5666665567667777777555565~55333433~4~555678778766 
b65555555756677786656565655~32~2334~555567777667 
565556656646678777566666555~332323443~555677677771 
56446565545566677677776755433372323~43555667661777 
55555665555666677778~776553334313333~5566666777767 
6665555655665567778888866553342~234445666677777766 
6665555545465666718878767553~223~565666777767765 
55556556445666777677777666~44~226~5666666177777656 
55456~563~565666666566665643433445566667667656655  
666564435555666666655565~5~66565~55677667877666665 
b65544444655655566665455~454555~56777677788666655  
T6545546455555545556545~44454556667887767887776555 
6654666455455534555544444344~566777887667788777655 
666565555~46~5~5~4~44444~43456768 f lTT77778RT76655  
677666554~363334~443~445433~555777789771878876656  
6766755544~4323334~43434444~4545677888877888766764 
6776656444353233336464~34533q5445777888887888765~5 
6 7 6 6 5 5 5 5 5 4 4 4 3 2 3 4 ~ 4 4 4 4 3 4 4 ~ 3 4 5 ~ 4 6 6 7 7 7 8 7 8 8 8 9 9 9 7 5 5 ~ 4  
556555555543334~544~4~5~44334~45666677788899666533 
5 5 5 5 5 5 5 5 ~ 3 ~ 4 4 ~ 5 4 ~ 4 ~ 4 4 ~ 3 3 3 3 4 4 5 5 6 6 6 6 6 6 7 8 8 7 8 7 7 5 ~ 5  
555655554~3~45~55445~6~4333~3~5567666077678765555  
~565556454~5565665655~33~445556666655676666666  
34355554555455567665~5~43~3~345555666555555566666b 
332244545545566667654~54333~3~55556h5~554555656667 
323?4555554566766776bb5~3~4~b56~5~33~566556666  
433445555~466~VTT6766~654454~55555~55~3~S666566676 
3 3 3 4 3 ~ 6 5 5 5 6 6 ~ 6 6 6 6 7 7 7 6 6 6 5 5 5 4 3 5 6 5 3 3 6 4 3 4 ~ 3 ~ 4 5 5 6 6 6 5 6 6 6  

LEGEND 

MAP VALUE LOW RANGE HIGH RANGE 

0 O.20E*OI  0 . 2 7 E . ~ 1  
I 0 .27E+OI  O,3~E+Oi  
2 0 .3~E+O[  0 , 4 I E + O I  
3 0 . 4 1 E ÷ O I  O,48E+OI  
4 O,48E+Ol  0 , 5 5 E * 0 1  
5 0 , 5 5 E + O I  0 .62E+01  
6 O.6~E~OI  0 . 6 9 E ~ 0 1  
7 Oo69E+OI 0 . 7 6 E ÷ 0 !  
8 O, 76E+01 O,83E÷OI  
9 0 , 8 3 E + O I  O , 9 I E + O I  

F~gure 2B Transformed, noncondltlonal simulation, van- 
able l 

yields the following expression (Journel and Huubregts, 
1978, p 499) 

groups of  three vectors each Each of  these groups is 
defined from any other group through a simple rota- 
tion Let the first group of  vectors be 

N 

Zo(x) = 1/Vr'N ~. y,(x), (5) 
/=1 

N---, oo 

where each l is one o f  N lines 
In practice, Equation 5 cannot be solved If N---* oo 

Hence, N must  be clipped This clipping is, however, 
arbitrary For instance, N can be 1000 or 10,000 
Equation 5, as it turns out, can be solved adequately 
if  N is as small as 15, provided these 15 lines join the 
midpoint  o f  opposite sides o f  a regular icosohedron 
(Journel and Huljbregts, 1978, p 503) This is known 
as the method of  turning bands, developed by Math- 
eron and refined by Journel (1974a, 1974b) 

With this method,  fifteen vectors o f  the lcosohedron 
are defined These vectors can be divided into five 

) * * * *  CO-SIMULATION PROGRAM * * * * *  

RESULTS FOR VARIABLE I 

CO-SIMULATION GRID DIMENSIONS 

NUMBER OF ROWS = 50 
NUMBER OF COLUMNS 50 
INCREMENT I~' X = 5,000 
INCREMENT IN Y = 5.000 
MAXIMUM Y COORDINATE 250 ,000  
MINIMUM X COORDINATE = 0,000 

MOOEL PARAWETERS 

BEGINNIN~ RANDOM SEED = 0 .666b~6663000+39 
FINAL RANDOM NUMBER S E E D  0 . 1 [ 8 q 5 6 0 8 4 3 0 0 ÷ I 0  
MEAN OF RANDOM F~UMBERS = -0 .006  
RAN3E OF SPATIAL STRdCTURE 80 ,000  
VARIANCE OF SPATIAL NOISE 0 . 0 0 0  

IN IT IAL  CONSTANTS 

NGMAX = 75 
NR 8 
KD 17 
C 0 . l T I  

Figure 2C lmtml Information for vanable 1 
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CLASS GAMMA 

I 0 .  194 
2 0 . 3 9 2  
3 O. 616 
4 O. 759 
5 0.974 
6 1 . 0 6 9  
7 1.  149  
8 1.204 
9 1.184 

I0  1 .179  
l I  1.131 
12 I .  118 
13 1.179 
I t) I . 1 4 9  
15 1. It*5 
16 1.080 
17 1 . 0 0 0  
18 0 . 9 1 2  
19 0,871 
20 0.831 

MEAN AND VARIANCE OF THE SIMULATION 
MEAN = - 0 .  I I  8E+O0 

VARIANCE = o .  I I 3 E + O I  

Fxgure 3A Vanogram for Fngure 2A 

[ICOS]] = 0 1 --(1 + k) 
(1 + k )  k 

J R CARR and D E MYERS 

RANGE 
N R =  

2(Gnd Spacing) 

~ ' N R  36 
~ =  (NR + I ) (2NR+ 1) 

f ( m )  = m, - N R  ~ m ~ N R  (10) 

The constant, ~, is introduced to gwe v a variance of 
one Before. it was acknowledged that Equation 4 
yielded a RF having a mean of zero and finite variance, 
yet the variance was not defined explicitly 

Further with respect to Equation 9, Jcorrelated ran- 
dom numbers are developed with J computed as 

(6) 

moreover, let k = 0 618033989, one of the roots of the 
equation k 2 + k - 1 = 0 (Journel and Huubregts, 
1978, p 503) 

The remaining groups of vectors are obtained from 
Equation 6 by applying a rotation provided by the fol- 
lowing matrix 

(7) 

I 1 --(1 + k) k ] 
[R]  = ½ (1 + k )  k - 1  . 

k 1 (k + 1) 

where k is the same as for equation 6 The remaining 
vectors are 

[ICOS2] = [ICOSI][R] 

[ICOS3] = [ICOS2][R] 

[ICOS4] = [ICOS3][R] 

[ICOS5] = [ICOS4][R], (8) 

and the order of multiplication is as shown Through- 
out the process, the constant, 0, gwen in Equatnon 6 
is either 1 or 1/2, depending on personal preference 
The significance of 0 will be acknowledged subse- 
quently 

Once the fifteen vectors are defined, the three-di- 
mensional simulation can be developed from fifteen 
one-dimensional simulations As a first step, correlated 
random numbers are generated along each of the fifteen 
vectors using the following expression 

NR 

Y,(J)=ff  E f ( m )  T ( J + m ) ,  (9) 
m= -NR 

an algorithm similar to Equation 4 For the simulation 
of correlated random numbers having a spherical spa- 
tial law, the following holds 

J =  [NROW 2 + NCOL 2 + NELEV2] 1/2 + 5, (11) 

where NROW, and NCOL, and NELEV are the num- 
ber of rows, columns, and levels, respectively, in the 
model grid, the value, 5, is added to insure against 
exceeding the number of values contained In the array, 
T Furthermore, J is the vanable, NGMAX, reported 
in Journel and Huubregts (1978, p 527) 

To complete the noncondmonal simulation, each 
realization of the simulated random function, Z, is 
obtained as 

Zo(,C) = -~ ,=1 v (k  ) (12) 

where 

k, = ICOS[I, dUo + ICOS[2, I]V 0 

+ ICOS[3, Z]Wo + J, (13) 

where (Uo, v0, w0) is the coordinate location of point, 
0 in three space In Equation 13, the subscripts on 
ICOS are discarded and. instead, are described by t 
Furthermore, with respect to Equation 6, if0 = l, each 
k, must be halved The column, row, and elevation 
location (u0, 1;o, Wo) of a grad Intersection each has the 
range 

CLASS GAMMA 

I 0 . 7 2 3  
2 0 . 4 5 l  
3 0 . 7 1 0  
4 0 . 8 7 4  
5 1 . 0 6 3  
6 1.231 
7 1 . 3 2 2  
8 1.385 
9 1 . 3 6 ~  

10 1 , 3 5 8  
11 1 . 3 0 2  
12 1 . 2 8 6  
I3 1 . 3 0 0  
L4 1.322 
I 5  1.318 
16 1 . 2 4 3  
I 7  1 . 1 5 2  
18 1.049 
Iq I .O0? 
20 0.956 

MFAN AND VARIANCE OF THE SIMULATION 
NEAN = O.580E÷JI 

VARIANCE = O. L3OE+OI  

~gure3B Vanogram ~r ~gu~ 2B 



085  REL CUML 

129 0 . 0 9 3  0 . 0 9 3  
162 0 . 1 1 7  0 . 2 1 1  
143 0 . 1 0 4  0 . 3 1 4  
144 O. 104 
120 0.087 
137 0 . 0 9 9  
125 0.091 
141 0 . 1 0 2  
L50 O. 109 
129 0.093 

1380 

LOC~TION 

0.419 
0.506 
0.605 
0.696 
0.798 
0.907 
t .000 

FORTRAN IV program for cocondmonal s]mulaUon 

LOW 

- ~ . [  + *t~tt¢~t*t¢*tttttCtttttttt~t~ttttttt~ 

0 . 2  ÷ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

INDEX RANGE = ~ TO 70 

Ftgure 4A Hstogram of Random Numbers used for simulation which y~elded F~gure 2 

679 

O8S PEL COML kO~ 

28 0 . 0 1 l  0 . 0 1 1  - 3 . 7  
5 4  0 . 0 2 2  0 . 0 3 3  - 3 . 0  
96 0 . 0 3 8  0 . 0 7 1  - 2 . 4  

237 0 . 0 9 5  0 . 1 6 6  - 1 . 7  
543 0 . 2 1 7  0.383 - I . 1  
603 0 . 2 4 1  0 . 6 ? 5  - 0 . 4  
538 0 . 2 1 5  0 . 8 4 0  0 . 3  
306 0 .122  0 .q62  o . q  

89 0 . 0 3 6  0.998 1.6 
5 0 . 0 0 2  l.O00 2 . 3  

2499 

+ * *  
÷ * * * *  
÷ * * * * * * *  
k * * * * * * * * * * * * * * * * * * *  
÷ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

÷ * * * * * * * * * * * * * * * * * * * * * * * * *  

Figure 4B Histogram for F~gure 2A 

OBS REL C ~ L  

28 O . O l l  O . O l l  
5 4  0 . 0 2 2  0 . 0 3 3  
96 0 . 0 3 8  0 .071  

237 0 . 0 9 5  0 . 1 6 6  
5 4 3  0 . 2 1 7  0 . 3 8 3  
6 0 3  0 . 2 4 1  0 . 6 2 5  
5 3 8  0 . 2 1 5  0 . 8 4 0  
306 0 . 1 2 2  0 . 9 6 ~  

89 0 . 0 3 6  0 . 9 9 8  
5 0 . 0 0 2  1 . 0 0 0  

2499 

LON 

2 . 0  + ** 
2o7 + **** 

6 .2  **********************************************  

7 . 6  ÷ ******* 
8 . 3  + 

Figure 4C Histogram for Figure 2B 

- N C O L  < Uo < N C O L  

- N R O W  < v0 < N R O W  

- N E L E V  < w0 < NELEV (14) 

Transformatton of the noncondlttonal stmulatlon 
Prior to condmonlng  the noncondmonal  simulation 

must be transformed to a desired d s t n b u h o n  As d e  
fined, Equation 12 y~elds a RF having a mean of  zero 
and a variance of  one with a normal d~stnbut~on B e  
cause most physical s~tuaUons encompass RF's  wxth 
other than normal dstnbut~ons with mean values other 
than zero and d~ffenng variances a transformaUon 
must be apphed to the RF  defined by equatmn 12 to 
yield a physically reahstlc model  

Before any transformaUon Is apphed, the simulated 
RF must be corrected to yield a perfect, (0, l) Gaussmn 
d]stnbuuon Theoretically, Equation 12 y~elds t h s  dis- 
tribution, pract ical ly however, depending on the r a n  
dom numbers  used to fill the array, T, of  Equat]on 9, 
the mean of  the s]mulated RF  may not be exactly zero 
(practice has shown that - 0  3 < mean < 0 3), and the 
variance may not be precsely l 

If  the mean of  the simulated RF is designated M,r 
and the standard devlatmn defined as Set  then the 
corrected RF Is defined as 

Z c  = ( Z  1 - m e r ) / g e r ,  ( 1 5 )  

where ZI is the RF yielded by Equation 12 
Once th~s correction has been apphed, two t e c h  

tuques are employable for transformation The first ~s 
a s~mple hnear transformation This type of  t ransfor  
marion ~s useful for obtaining the desired mean and 
variance, yet ~t maintains a Gaussmn d~stnbut~on In 
equation form, the hnear transformaUon ~s obtained 
a s  

Zr = (Zc)(Sr) + Mr, (16) 

where Zr Is the transformed RF, Zc is the corrected 
RF  with distribution (0, 1), Sr is the desired standard 
devmhon, and M r  is the desired mean 

As an alternatwe, a transformation can be effected 
using a Hermlte  polynomial  expansion (Journel and 
Huubregts, 1978, p 472) For t h s  transformahon, the 
procedure is 

Zr = ~ ~ H,(u), (17) 
t=O 

where H,(u) encompasses Zc, ~ ,  are coefficients of  the 
Herm~te polynomml expansion, and ~, for the computer  



680 J R CARR and D E MYERS 

SIMULATION RESULTS 

IF NCOL,GI.70) THE FOLLOWING 
IS EVERY OTHER COLUMN BY EVERY 
OTHER ROW, 

5 7 6 6 7 6 5 5 6 6 6 5 5 6 6 6 5 6 6 6 5 6 6 6 4 4 4 4 3 3 3 2 3 2 | I 0 [ 0 0 0 0 1 0 2 3 3 3 4 4  
6 6 6 7 7 6 6 5 5 5 5 6 6 6 6 7 6 6 6 5 6 5 5 6 5 ~ 5 4 3 2 3 3 2 3 Z 2 0 0 0 0 0 0 0 2 2 2 3 3 ~ 5  
6 7 7 6 7 6 6 5 5 5 6 6 6 7 7 7 6 6 6 5 5 5 5 ~ 5 5 5 4 3 3 3 3 3 3 2 3 1 1 0 0 0 0 1 3 2 3 3 3 ~ 3  
6676665566567666555566555555323~3333Z210I[13334323  
557866555577655545556665~6~432233333~1221 |23232523  
5 6 6 6 6 7 6 5 5 6 6 7 6 5 5 4 ~4567665644323343Z 333323222221Z33  
55566666565555433~35666555~33~233223323323~2211133  
~ 5 6 6 6 6 6 5 6 5 4 4 ~ , 4 4 3 3 3 4 4 5 5 5 4 5 4 3 3 2 3 2 3 ~ 3 3 3 3 3 3 3 3 3 3 3 2 | 1 2 1  
5 6 5 5 6 6 6 5 4 5 5 3 3 4 ~ 4 3 3 3 4 4 ~ 4 5 ~ 4 5 4 4 3 2 3 4 3 3 3 4 3 3 3 3 3 ~ 3 3 4 3 [ I 2  
5 6 6 6 6 6 5 5 4 4 4 4 4 3 4 4 4 3 3 3 ~ 5 5 5 5 5 4 ~ 4 4 3 2 3 4 3 3 2 3 3 ~ 5 4 3 3 2 1 ~  
6 6 6 6 5 6 5 ~ 3 ~ 3 3 4 ~ 5 4 3 3 3 3 3 4 4 5 5 5 ~ 5 5 5 6 4 4 4 3 3 2 3 3 3 4 4 4 5 4 4 ~ 2 3 ~  
6 6 5 5 5 5 4 4 4 3 4 3 3 3 5 5 2 3 2 3 3 ~ 5 4 4 5 6 5 5 5 4 4 3 3 2 3 2 3 4 5 4 5 5 4 5 ~ 4 4  
545545~4333323433233~444~555565443333344~54455455  
554~4~45~3332233333323355655655~433~3~333345655444 
4 4 ~ 4 3 4 5 4 4 4 2 2 1 1 2 3 3 2 3 2 2 2 4 5 5 5 6 5 6 5 4 3 3 ~ 3 3 4 3 3 ~ 3 3 5 5 6 5 ~ 5 ~ 5  
3 3 4 4 4 4 4 5 4 4 2 1 1 2 2 3 3 3 1 2 3 4 4 4 5 6 6 6 5 4 3 4 3 3 3 4 3 3 ~ 4 4 5 5 6 5 5 5 5 5 6  
2 ~ 4 ~ 4 4 3 3 2 L L 2 2 2 3 3 2 2 3 4 4 5 5 6 6 5 4 4 3 3 4 3 2 2 3 2 ~ 5 5 5 5 5 5 5 5 ~ 5 7  
2 ~ 4 3 3 2 2 i 1 2 1 2 2 3 2 2 3 3 3 4 5 5 5 5 4 4 4 3 3 2 1 2 1 4 5 5 ~ 5 5 5 5 4 5 5 6 7  
2 3 4 5 ~ 4 3 3 3 2 2 1 1 1 1 3 3 3 3 2 3 3 3 3 4 5 6 6 5 4 4 3 3 2 I ~ 3 4 ~ 5 5 5 6 6 5 6 6 7 7  
3 3 ~ 4 4 4 3 3 3 2 2 0 1 2 4 3 3 3 3 3 3 2 3 4 5 5 6 5 3 3 3 2 3 3 3 2 ~ 3 ~ 4 5 5 5 7 6 7 7 1 8  
3 3 ~ 4 5 ~ 3 3 2 2 2 2 2 3 2 4 3 3 ~ 2 2 3 4 5 6 6 5 4 3 3 4 4 3 3 3 3 3 4 4 ~ 6 7 7 8 8 8 8 8  
~ 3 ~ 4 ~ 4 3 3 2 2 3 3 1 2 3 2 3 2 3 2 2 2 3 4 5 5 5 3 3 3 ~ 4 3 2 2 3 3 3 3 3 5 6 6 7 7 7 8 8 9  
243~444323322223112122233~4334344312222~3455677789 
3 ~ 6 5 ~ 3 3 3 3 3 3 2 1 2 2 1 1 1 2 2 2 2 2 2 3 3 4 ~ 3 3 2 3 7 2 3 1 2 ] ~ 4 4 5 5 6 7 T 8 9 9  
33445554323~22100112111223~433Z12~0322233355561789 
3 3 ~ 5 6 5 4 4 3 7 Z 2 I l l O I l i I l O I 3 4 4 3 2 2 2 1 1 1 2 2 2 3 3 2 3 3 ~ 5 6 6 7 7 8 8  
2356566655321211121122224~4333271223323433~5617789  
3 4 6 6 6 7 6 6 5 5 4 3 2 2 2 2 1 1 1 0 1 4 3 3 ~ 3 3 3 3 3 2 3 2 3 3 3 3 3 3 3 4 4 5 6 6 7 7 9 9 9  
45566765544442200001333333?17233372732233~55677998  
5 5 6 6 5 5 5 5 5 ~ 4 ~ 4 3 3 2 0 1 1 2 2 3 3 3 3 3 3 2 2 2 3 3 2 2 2 2 2 3 2 3 2 3 ~ 5 8 7 8 7 8 7  
6 5 6 6 5 4 4 5 6 5 4 ~ 3 3 2 3 2 i 0 1 2 3 1 3 2 2 3 2 2 2 2 3 3 2 t ~ 2 2 2 ~ 2 3 ~ 5 7 7 7 6 7 7  
61555565554~333432[1133333322222372322222346667777  
665556565~44~445~22322443333222232233272~34567667B 
b6665655554~4~543223344~4333221333[L2232224~556567  
5 6 6 5 5 5 5 4 ~ 5 5 ~ 3 2 ~ 3 2 1 2 3 5 5 4 ~ 7 2 2 1 1 2 2 2 3 2 1 2 2 2 | [ 2 3 ~ 5 5 5 5 6  
566545546665~333332345554322213322323212 i233556556  
6 7 5 4 ~ 5 6 6 6 6 5 5 4 3 4 3 2 3 3 ~ 4 4 5 5 5 5 3 ? 2 1 2 2 3 3 7 ~ 1 2 1 1 1 2 3 4 5 5 5 5 5 5  
6 6 6 5 5 6 6 6 5 6 5 5 4 ~ 4 4 3 # 4 3 5 5 ~ 4 5 5 4 4 2 1 2 3 3 3 2 2 1 1 1 1 1 1 3 4 5 5 4 5 5 5  
7 6 6 7 6 6 5 6 5 6 5 5 5 5 5 5 5 5 # # 4 5 5 5 6 6 5 4 3 4 3 3 3 3 2 2 [ 0 1 2 3 2 3 4 5 4 5 5 5 5  
7888866~5555555555544556665445~3322211213~44446555 
7777755554555544454544~4~5543333321110|222333333~4 
7 7 6 7 7 6 6 5 5 5 5 5 5 4 4 5 5 5 6 6 5 4 ~ 5 6 6 6 4 3 3 3 3 ] 1 2 I I 1 3 1 2 3 3 3 4 4 3 3 4  
77676666664555554655544555444332333321172333333333 
6666676665555345~55544455444333~22222[012233222223  
7 7 6 6 6 7 6 5 5 6 5 5 ~ 4 5 5 4 5 5 5 5 4 ~ 4 4 4 4 3 2 2 3 3 2 2 2 2 3 3 2 2 2 2 3 2 2 2 1 1 2  
7 T 8 6 7 7 7 5 5 6 5 5 5 5 6 6 5 5 6 5 5 5 ~ 4 4 3 5 ~ 2 2 ~ 3 2 1 2 2 2 3 3 4 2 3 3 2 i 1 2 2 2  
7 8 8 8 6 6 6 5 4 ~ 5 4 5 5 5 5 5 5 5 ~ 4 3 3 3 3 ~ 4 3 4 3 1 1 1 1 2 2 3 3 2 3 4 2 2 1 1 1 1 | 2  
678877654554446666343422334444311[0233333433210011 
677flBTT65~544567654~4333335443232212~3~43343~llO|O 
6~777787654~4666565~44~3354444~322[233344343~32000 

SIMULATION KESOLTS 

IF NCOL°GT.70) THE FOLLOWING 
IS EVERY OTHER COLUMN BY EVERY 
OTHER RaW. 

576676556665566650665666444433~2321101000010233344  
6667766555566667666505565~543233232200000002223345 
6 7 7 6 7 6 6 5 5 5 6 6 6 7 7 7 6 6 6 5 5 5 5 4 5 5 5 ~ 3 3 3 3 3 3 2 3 1 1 0 0 0 0 1 3 2 3 3 3 3 3  
6 6 7 6 6 6 5 5 6 6 5 6 7 6 6 6 5 5 5 5 6 6 5 5 5 5 5 5 3 2 3 2 3 3 3 3 2 2 1 0 1 1 1 3 3 3 ~ 3 2 3  
5578665555TTb555~555666556~43223333321221123232323 
5666676556676554~45676656443233~32333323222221233  
555666665655554334356665~5453223322332332332211133 
456666656544444433344555454332~234333333333332112~ 
56556665455334443334~4455~5443234333~3333343343 [ i2  
5666665544444344433344455555~4444323433233454~3212 
66665654333344543333344555455564443323334&4544423~ 
665555444343335523233~4454456555~43323234545545444 
5~55~5~44333323~3323344~44555565~43333344454455~55 
5544~4543332Z33333323355655655443343~333345655444  
~4~43454442211233232?245556555433433433~3355654545 
334~44~5~42112233312344~56665434333433444556555556 
24~4444~332112?233223445566544~3437232~55555555457 
Z44~4443~2211ZL223223334555544433ZI2L455455554556T 
Z 3 4 5 4 4 3 3 3 2 2 I I l t 3 3 3 3 2 3 3 3 3 4 5 6 6 5 4 4 3 3 Z [ 2 3 4 4 4 5 5 5 6 6 5 6 b l T  
33~4444333220[2433333323455653332~33Z4334555767778 
33445&~332222232433322345665433443333344~b7788888 
~434~44332233123232~222345553334432233333566777889 
243~44432332222311212?233443343443122~243455677789 
3446543333332 i22 t [ i 222ZZZ334433232231Z344455617899  
33~455543~3222100112111223~43321210322233355567789 
3 3 ~ 4 5 6 5 4 4 3 2 2 2 1 1 1 0 l l I I I 0 1 3 ~ 3 2 2 2 1 1 1 2 2 2 3 3 2 3 3 ~ 5 6 6 7 7 8 8  
23565666553~LZLL I2L I22224443332? l?Z33234334567778q  
3 4 6 6 6 7 6 6 5 5 4 3 2 2 2 2 1 1 1 0 1 4 3 3 4 3 3 3 3 ~ 2 3 2 3 3 3 3 3 3 3 ~ 4 5 6 6 7 7 9 9 q  
4 5 5 6 6 7 6 5 5 ~ 4 ~ 4 2 2 0 0 0 0 1 3 3 3 3 3 ~ ? 1 2 2 3 3 3 2 2 7 3 2 2 3 3 4 5 5 6 7 7 9 9 8  
5566555554444332011223333332273322222323234581878T 
&56654456544332321OlZ333223222223Z1322222345777677 
6755556555~333432111333333222223223222223~6667777  
665556565444~4~5472322~433332222~223322233~5676678 
666656555544445432Z33444433322133~IL2232224455656T 
5 6 6 5 5 5 5 ~ 4 5 5 4 3 2 4 4 3 2 L 2 3 5 5 4 3 2 2 2 1 1 2 2 2 3 2 1 2 2 Z l 1 2 3 1 4 5 5 5 5 6  
5 6 6 5 # 5 5 4 6 6 6 5 4 3 3 3 3 3 2 3 4 5 5 5 4 3 2 2 2 1 3 3 2 2 3 2 3 2 1 2 1 ~ 3 3 5 5 6 5 5 6  
6 7 5 4 ~ 5 6 6 6 6 5 5 4 3 ~ 3 2 3 3 # # ~ 5 5 5 5 3 2 2 1 2 2 3 3 2 3 1 7 l I 1 2 3 4 5 5 5 5 5 5  
6 6 6 5 5 6 6 6 5 6 5 5 4 4 4 4 3 4 4 3 5 5 # ~ 5 5 4 4 2 1 2 3 3 3 2 2 1 I I I l 1 3 ~ 5 5 4 5 5 5  
7 6 6 7 6 6 5 6 5 6 5 5 5 5 5 5 5 5 ~ 4 4 5 5 5 6 6 5 ~ 3 4 3 3 3 3 2 2 1 0 1 2 3 2 3 ~ 5 ~ 5 5 5 5  
7 8 8 8 8 6 6 5 5 5 5 5 5 5 5 5 5 5 5 ~ 4 5 5 6 6 6 5 4 4 5 4 3 3 2 2 2 1 1 2 1 3 4 4 4 4 ~ 4 5 5 5  
7 7 7 7 7 5 5 5 5 4 5 5 5 5 ~ 4 5 ~ 5 ~ 4 ~ 5 5 4 3 3 3 3 3 2 1 1 1 0 1 2 2 2 3 3 3 3 3 3 4 ~  
7 7 6 7 7 6 6 5 5 5 5 5 5 4 4 5 5 5 6 6 5 ~ 4 4 5 6 6 6 ~ 3 3 3 3 3 1 2 1 1 1 3 1 2 3 3 3 4 4 3 3 4  
7 ? 6 7 6 6 6 6 6 ~ 4 5 5 5 5 5 ~ 6 5 5 5 ~ 4 5 5 5 ~ 4 4 3 3 2 3 3 3 3 ~ | | 2 2 3 3 3 3 3 3 3 3 3  
6 6 6 6 6 7 6 6 6 5 5 5 5 3 ~ 5 4 5 5 5 4 ~ 4 5 5 4 4 4 ~ 3 3 2 2 2 2 2 2 1 0 [ 2 2 3 3 2 2 2 2 2 3  
7 7 6 6 6 7 6 5 5 6 5 5 ~ 5 5 4 5 5 5 5 ~ 4 ~ 4 4 3 2 7 3 3 2 2 2 2 3 3 2 2 2 2 3 2 2 2 1 1 2  
7 7 8 6 7 7 7 5 5 6 5 5 5 5 6 6 5 5 6 5 6 5 ~ 4 4 3 5 ~ 2 2 2 3 2 [ 2 2 2 3 3 4 7 3 3 2 1 1 2 2 2  
7 8 8 8 6 6 6 5 4 4 5 4 5 5 5 5 5 5 5 4 4 ~ 3 3 3 3 4 4 3 4 ~ 1 1 1 1 2 2 3 3 2 3 ~ 2 2 1 1 1 1 1 2  
6788?T65~55~466663434273344443111073333343321001 I  
6 7 7 8 8 7 7 6 5 4 5 4 4 5 6 7 6 5 4 ~ 4 3 3 3 3 3 5 4 4 3 2 2 2 2 1 2 2 3 ~ 3 ~ 4 3 3 1 1 0 [ O  
6 6 7 7 7 7 8 7 6 5 4 4 4 6 6 6 5 6 5 4 4 4 4 3 3 5 ~ 4 4 4 3 3 2 Z [ 2 3 3 3 4 4 3 ~ 3 4 3 2 0 0 0  

lEGEND 

MAP VALUE LOW RANGE HIGH RANGE 

0 - 0 . 2 7 E + 0 !  - O . 2 1 E ÷ O I  
1 - 0 . 2 1  E+OI  - 0 .  l~d~÷O 1 
2 - O . I ~ E ¢ O I  - 0 . 8 3 E ÷ 0 0  
3 - 0 . 8 3 E + 0 0  - 0 . 2 2 E + 0 0  
4 - 0 . 2 2 E + 0 0  0 . 3 9 E * 0 0  
5 0 . 3 9 E + 0 0  O . I O E * O I  
6 O. IOE+OI O. I6E+O1 
7 O . I 6 E + O I  0 , 2 2 E + 0 1  
8 O,2ZE+OI 0 . 2 8 E * 0 1  
9 0.28E*01 0 .34E+01  

Figure 5A Untransformed, noncondltlonal simulation, van- 
able 2 

L EGEND 

MAP VALUE LOW RANGE HIGH RANGE 

0 O. I2E+OI  O.28EeOL 
1 O,28E+OI O.~4E÷OI  
2 0 .44E+01  O.59E+OI  
3 0 . 5 9 E * 0 1  0 ,75C+01  
4 0 .75E+Ot  O . 9 I E + O I  
5 0 . 9 I E ÷ O I  O. I I E + 0 2  
6 O . I I E + 0 2  0 . 1 2 E + 0 2  
7 0 . I 2 F + 0 2  0 , 1 4 E + 0 2  
8 0 .14E+02  0.15E÷02 
9 0 o 1 5 E ÷ 0 2  0 . 1 7 E + 0 2  

Figure 5B Transformed, noncondltlonal simulation, van- 
able 2 

algorithm COSIM to be introduced subsequently, 
ranges from 0 -9  Moreover, ~0 = Mr The coefi~oents, 
q,/1 ) can be computed using a variety o f  available soft- 
ware (e g ,  Klm,  Myers, and Knudsen,  1977) 

In Equation 17, H,(u) can be determined as 

a t 
HI(u) = e "2/2 ~ e -("2/:) 

du, 
(]8) 

This can be expressed as the recurrence relationship 
(Journel and Huubregts, 1978, p 476) 

is to require the simulation model  to assume observed 
data values at spatial locations where the random 
function, Z, has been observed 

*****  CO-SIMULATION PROGRAM *****  

RESULTS FOR VARIABLE 2 

CO-SI~UIATION GRIP DIMENSIONS 

NUqBER OF ROWS = 50 
NUMBER OF COLUMNS 50 
INCREMENT IN X = 5.000 
INCRFMENI IN Y 5.000 
MAXIMUM ¢ COORDINATE = 250.000  
MINIHUM X COORDINATE = 0.000 

H,+I(u) = uH, (u) -  1a,-l(u) (19) 

In this series o f  equations, u is any realization of  Zc 

~ODEL PARAMETERS 

REGINNIN3 RANDC~ SEED = 0 .666666663000+09 
FINAL RANDOM NUMBER SEED O. 19LO5544620D+lO 
~EAN OF RANOOM NUMBERS = O,OO[ 
RANGE OF SPATIAL STRUCTURE = 80.000 
VARIANCE OF SPATIAL NOISE = 0 ,000  

Conditioning the simulation 
Once the noncondit ioned simulation is developed 

by solving either Equation 15 or Equation 17 at each 
intersection o f  the model  gnd, the simulation, i f  de- 
sired, can be conditioned The objectave ofcon&tlonlng 

INITIAL CONSTANTS 

NGM&X = 75 
NR 8 
KD = 17 
C 0 . I 7 !  

Figure 5C InxUal mformaUon for variable 2 



MEAN 

CLASS GAMMA 

I 0 .195  
2 0 . ~ 0 4  
3 0 . 5 8 9  
4 O. 74~J 
5 0 . 8 2 3  
6 0 . 8 8 0  
7 O. 931 
8 0 . 9 7 6  
q 0 .990  

lO t . O I 8  
11 I .  0 8 6  
12 1 . 2 8 5  
13 1 .556 
14 1 . 8 1 7  
15 2 .010  
16 2 .095 
17 2 .110  
18 2 . 0 0 3  
19 l .  861 
20 I. 74~ 

AND VARIANCE OF IHE SIMULATION 
MEAN = - 0 , 3 3 9 E - 0 1  

VARIANCE = O. I06E+OI 

Figure 6A Vanogram for Figure 5A 

FORTRAN IV program for cocondmonal simulation 681 

The derivation of  these equations is given by Myers 
(1982) In the same manner  as in the one variable ver- 
sion 

2*(x), Z(x) - 2*(x), 

Each condlUonlng data value is assocmted with a 
discrete spatial location within the model, collectively, 
these data represent observatmns of  Z and are denoted 
Zob(X) At each conditioning location within the model, 
a value has previously been simulated These represent 
simulated observations of  Z and are denoted Z~¢(x) 

At each grid intersection, g, of  the model, knging is 
used to yield 

rn 

Zo%(g) = E x Zob(X) 
I=1 

Z*Jg)  = ~ X,Z.e(x,), (20) 
t = l  

where rn is the total number  of  condmonmg data 
Condmonlng  is achieved as 

Z~(g) = Z.jg)  - Z*Jg) + Z%(g), (21) 

and this yields the final, condmonal ly  simulated 
RF, Z~ 

COSIMULATION VS SIMULATION 

By analogy with slmulaUon, for example condmoned 
slmulatmn of  a single random function we may write 

are orthogonal, that is, 

E[Z*(x)] r[2~(x) - Z*(x)], 

is a matrix with all zeros To generate simulated values 
for ;~(x), it would be sufficient to generate Zs(x) 
- Z*(x) isomorphic to Z,(x) - Z*(x), that s ,  with the 
same first two moments  The isomorphic simulation 
then is added to Z*(x) to obtain the cocondltloned 
COSlmulatlon There are at least three possible ap- 
proaches 

(1) Simulate each component  of  Z(x)  - Z*(x), in- 
dependently, this corresponds to utlhzmg only 
the dmgonal of  the vanogram matnx  for Z(x) 

(2) I fZ(x )  = Y(x)A where the components  of  lTare 
uncorrelated and hence ]7 has a diagonal var- 
logram matrix D then ~z  = ATDA, by simulating 
separately the components  of  }7, the cross-cor- 
relation of  the components  of  Z are captured 
by the matrix A This also simplifies cokngmg 
but it severely restricts ~ to make such an as- 
sumptmn This method is described in greater 
detail m Journel  and Huljbregts (1978) 

(3) In the one vanable version of  the Turning Bands 
method, the covanance function, for example 
vanogram, for the random function in 2- or 3- 
space IS given as an integral of  the corresponding 
covanance in l-space Th~s m turn is represented 
as the self convolutmn of  a functmn defined in 
1 space which then is used to apply the moving 
average technique along a line For true cos~mu- 
latlon using Turning Bands we would need the 
following representations 

k.(h) = f ~,((h, s))co.(ds), (25)  

Z(x) = Z*(x) + [2~(x) - Z*(x)], (22) 

where Z*(:0 is the cokngmg estimation (block or 
punctual  as appropriate) given by 

n 

Z*(x) = E Z(xj)Fj, (23) 

and the I'~, , F .  are given by 

~(x, - xj)rj + ~ = ~(x, - x), 

~ r j = I  
j = l  

(24)  

CLASS GAMMA 

1 1 . 2 9 1  
2 2. 675 
3 3 .  900 
4. 4 . ? | 7  
5 5.46B 
6 5 .  826 
7 6. 164 
8 6 .  460 
9 6 .550  

1o 6.  73el , 
I t  7.  185 
12 8 .  502 
t3 10.29o 
L6- L2. 024 
L5 13.300 
L8 13.863 
L7 13.965 
18 13.253 
lq 12.~15 
20 I t . 5 ~ O  

MEaN AND VARIANCE DF THE SIMULATION 
'4EAN = O.800E÷O I 

VARIANCE = 0 . 7 0 0 E + O I  

Figure 6B Vanogram for Figure 5B 
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OBS REL CUML LOw 

140 0. I01 O . l O 1  - 0 . 5  
136 0 . 0 9 7  0 . 1 9 9  - 0 . 4  
149 0 . 1 0 8  0 . 3 0 7  - 0 . 3  
120  0 . 0 8 7  0 . 3 9 3  - 0 . 2  
128  0 . 0 9 3  0 . 4 8 6  - O . L  
152 O . l l O  0 . 5 9 6  - 0 . 0  
137 0 . 0 9 9  0 . 6 9 6  0 . 1  
149 0 . 1 0 8  0 . 8 0 4  0 . 2  
136 0 . 0 9 9  0 . 9 0 2  0 . 3  
L35 0 . 0 9 8  1 . 0 0 0  0.4 

1 3 8 0  

LOCATION iNDEX RANGE = 

4. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
+ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
÷ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
+ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
÷ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

4 TO 70 

Figure 7A Histogram of random numbers used for simulation which yielded Figure 5 

OBS REL CUML 

42 0 . 0 1 7  0 . 0 1 7  
160 0 . 0 6 4  0 . 0 8 1  
380  0 . 1 5 2  0 . 2 3 3  
573 0 . 2 2 9  0 . 4 6 2  
4 7 0  0 . 1 8 8  0 . 6 5 0  
457  0 . 1 8 3  0 . 8 3 3  
2 6 9  0 . 1 0 8  0 . 9 4 1  
105 0 . 0 4 2  0 . 9 8 3  

33 0 . 0 1 3  0 . 9 9 6  
10  0 . 0 0 4  1 . 0 0 0  

2 4 9 9  

LOW 

- 2 . 7  + ***  
- Z . L  + * * * * * * * * * * * * *  
- 1 . 4  ÷ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
- -0 .8  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
- 0 . 2  ÷ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

0 . 4  4. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
] . 0  4. * * * * * * * * * * * * * * * * * * * * * * *  
1 . 6  4. * * * * * * * * *  
2.2 4. ** 
2 . 8  + 

Figure 7B Histogram for Figure 5A 

OBS RFL CUML LOW 

42 0 . 0 1 7  0 . 0 1 7  i . 2  + * * *  
160 0 . 0 6 4  0 . 0 8 1  2 . 8  + * * * * * * * * * * * * *  
380 0 . 1 5 2  0 . 2 3 3  4 . 4  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
573 0 . 2 2 9  0 . 4 6 2  5 . 9  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
470  0 . 1 8 8  0 . 6 5 0  7 . 5  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4 5 7  0 . 1 8 3  0 . 8 3 3  q . 1  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
269  0 . 1 0 8  0 . 9 4 1  1 0 . 6  ÷ * * * * * * * * * * * * * * * * * * * * * * *  
105 0.042 0.983 12.2 + * * * * * * * * *  

33 0 . 0 1 3  0 . 9 9 6  l ~ . 8  + ** 
10 0 . 0 0 4  1 . 0 0 0  t 5 . 3  + 

2 4 9 q  
Figure 7C Histogram for Figure 5B 

VARIABLE NUGGET 

****  CONDITIONING RESULTS ****  

VaRIOGRAM PARAMETERS 

SILL RANGE ANIS RATIO 

1 0 . 2 0 0  1 . 3 0 0  8 0 . 0 0 0  0 . 0 0 0  1 . 0 0 0  
2 1 . 6 0 0  1 0 . 0 0 0  8 0 . 0 0 0  0 . 0 0 0  1 . 0 0 0  

PAIR 

CROSS-CORRELATION PARAMETERS 

NUGGET SILL RANGE ANIS RATIO 

1 1 . 8 0 0  l l . 3 0 0  8 0 . 0 0 0  0 . 0 0 0  I . O 0 0  

CONDITIONING DATA 

EAST NDRTH VAR[ VAR2 VAR3 

I12,180 106,510 ll.O00 I8.100 
1 3 2 . 3 6 0  9 1 . 1 7 0  7 . 0 0 0  1 0 . 2 0 0  
133.210 I02.280 7.000 L5.600 
132.550 6 3 . 3 7 0  6 . 0 0 0  6.100 

1 . 0 0 0  1 3 5 . 6 4 0  5 . 0 0 0  1 . 7 0 9  
2 4 8 . 4 9 0  5 7 . 8 1 0  5 . 0 0 0  2 . 3 0 0  

7 1 . 8 5 0  1 8 2 . 8 9 0  5 . 0 0 0  l . O 0 0  
1 5 5 . 3 9 0  1 0 4 . 1 7 0  6 . 0 0 0  4 . 5 0 0  
1 7 3 . 9 8 0  9 4 . 8 3 0  5.000 2.100 

9 7 . 8 6 0  141.200 6 . 0 0 0  6 . 2 0 0  
1 6 4 . 3 2 0  1 4 L . 2 0 0  5 . 0 0 0  2 . 3 0 0  
1 6 3 . 4 3 0  108.810 6.000 11.700 
143.470 152.310 60. O0 7.600 
2 2 0 . 0 0 0  2 0 . 0 0 0  5 . 0 0 0  1 . 5 0 0  
1 6 7 . 2 4 0  7 1 . 7 1 0  6 . 0 0 0  2 . 3 0 0  
2 2 0 . 0 0 0  1 0 0 . 0 0 0  5 . 0 0 0  2 . 0 0 0  

4 4 . 4 1 0  9 8 . 9 5 0  6 . 0 0 0  3.200 
131.440 90.050 7.000 9.900 
2 2 0 . 0 0 0  1 4 5 . 0 0 0  5 . 0 0 0  2 . 0 0 0  
2 2 0 . 0 0 0  2 ? 5 . 0 0 0  5 . 0 0 0  2 . 0 0 0  
L 8 0 . O 0 0  1 4 5 . 0 0 0  6 . 0 0 0  3 . 0 0 9  
1 8 0 . 0 0 0  2 2 5 . 0 0 0  5 . 0 0 0  2 . 0 0 0  
1 4 0 . 0 0 0  1 8 5 . 0 0 0  5 . 0 0 0  2 . 0 0 0  
1 0 0 . 0 0 0  2 2 5 . 0 0 0  5 . 0 0 0  2 . 0 0 0  

6 0 . 0 0 0  2 2 5 . 0 0 0  5 . 0 0 0  2 . 0 0 0  
2 0 . 0 0 0  I ~ 5 . 0 0 0  5 . 0 0 0  ? . 0 0 0  

2 2 0 . 0 0 0  1 8 5 . 0 0 0  5 . 0 0 0  2 , 0 0 0  
140.000 2 ? 5 . 0 0 0  5 . 0 0 0  2.000 

VAR4 VAR5 

Figure 8 Output  from PRT3 documenting conditioning reformation 



FORTRAN IV program for cocon&tion~ szmulation 

SIMULATION RESULTS 

IF NCOL.GT.70~ THE FOLLOWING 
IS EVERY OIHER COLUMN BY EVERY 
OTHER ROW, 

3?122222222212222332323463332634455566343333323333 
211111112722222~22322333333333334646~633233223332  
2 2 t O t I l I I l ? 2 2 3 3 3 3 3 2 2 2 3 3 4 3 6 6 3 4 6 3 3 2 3 6 6 6 6 4 3 3 2 2 3 3 2 2 3 2 Z  
Z2000110011~7234332227334333443332~33333233221~222 
121111111113333~543633344~3344643443333336332[2322 
122101111712~3335~66446346333645646332327333~22212 
111010111|112223633544333222366~33333Z212222222111 
1 1 1 0 1 1 1 1 1 1 1 1 2 2 2 3 3 6 6 5 5 5 ~ 3 2 2 2 3 6 3 3 3 3 6 4 6 3 2 1 1 2 7 2 2 2 2 1 1 1  
2 2 1 2 I l l l t l O l 1 2 2 3 3 6 6 5 6 6 3 ~ 3 3 6 3 2 3 3 3 3 6 ~ 3 4 2 Z ~ 2 1 2 1 1 1 I l 1 2  
33232211211222343666~44446~3336~64643233212112 IL2  
43333221222233~336633454666~6~464564433333222 I I212  
333332227223~3~3336634~433~665643~666332333632110I  
543333323~23336333666~3336644644464~3332336332110  
6~33332363~3222333433332733334~6555421233636422100 
6 ~ 6 3 ~ 3 3 3 6 4 3 3 2 2 2 3 ~ 6 ~ 3 3 3 6 3 3 3 4 6 5 5 5 5 5 5 3 3 3 3 3 6 5 4 4 3 2 2 1 1  
6 5 6 4 4 4 6 3 3 3 3 3 3 2 2 3 3 6 3 3 3 3 3 3 3 3 2 2 3 6 6 ~ 5 5 5 5 6 3 6 3 3 ~ 4 ~ 3 2 2 2 I I  
6 5 5 5 4 6 6 3 3 3 3 3 3 3 3 3 6 3 3 4 ~ 6 3 ~ 3 3 3 3 3 6 4 4 4 6 5 5 5 4 5 6 3 6 6 ~ 3 2 2 2 1 1  
6 5 5 5 5 6 5 3 3 3 2 4 ~ 3 4 3 4 ~ 6 ~ 4 6 3 6 4 4 3 3 6 ~ 6 6 6 6 6 5 6 6 5 4 6 4 ~ 3 3 2 2 2 1 1  
6 5 5 5 5 6 4 4 3 3 3 6 3 3 3 6 ~ 6 ~ 3 3 3 ~ 6 ~ 4 3 3 ~ 6 ~ 5 5 6 5 5 ~ 4 4 3 2 2 2 1 1 1  
4 4 4 5 6 6 4 ~ 6 3 6 3 3 3 6 5 5 ~ 6 6 3 6 6 6 6 6 3 6 6 6 4 6 6 4 5 5 5 ~ 6 5 6 5 4 3 2 1 2 I I  
33334645463~3466~66436~3663454465~45644446~322111  
3 ~ 3 3 4 4 ~ 6 5 4 4 6 4 5 5 5 5 6 5 5 6 5 4 5 4 ~ 6 6 6 5 4 5 6 3 3 4 4 6 3 3 4 4 6 3 3 3 2 2 2 2  
6 3 3 3 6 6 4 4 5 5 5 5 5 5 5 5 5 5 5 6 4 5 5 5 5 6 6 5 6 5 5 5 ~ 3 ~ 4 5 3 3 3 4 6 4 ~ 3 4 3 4 3 3  
3 3 6 3 4 4 3 4 6 6 5 5 5 5 6 6 6 6 6 5 5 5 5 6 6 5 6 6 6 4 6 4 6 3 6 6 3 3 3 3 3 3 3 4 3 6 ~ 4 3 3  
3 3 3 3 3 6 3 6 4 5 6 5 5 5 6 6 6 5 6 5 5 5 6 6 7 6 6 5 5 6 3 6 3 3 3 6 3 3 3 3 2 2 3 3 3 3 3 3 3 6  
3 6 3 3 4 4 5 4 6 5 3 5 5 6 7 6 6 6 5 6 7 7 7 7 7 6 6 6 4 5 6 4 3 3 4 3 3 2 3 3 2 3 3 3 3 3 3 3 4 4  
3 4 2 3 4 4 4 ~ 6 6 5 5 5 6 6 6 7 6 7 8 7 8 8 8 7 6 5 5 5 5 4 3 6 3 3 3 3 2 3 3 2 3 3 3 2 3 3 4 4 6  
3 6 3 3 6 ~ 4 4 5 6 5 5 5 5 6 6 6 7 7 8 9 8 8 8 7 6 5 5 5 5 4 ~ 6 3 3 2 2 3 3 3 3 3 3 3 3 3 3 3 3 6  
4 6 4 4 4 4 4 5 6 6 5 6 5 5 5 7 7 7 8 9 9 9 9 8 8 1 6 5 5 6 4 6 6 4 ~ 3 2 3 3 3 3 3 3 4 6 3 3 3 3 3  
4 4 4 ~ 4 6 4 5 6 5 4 6 5 5 6 6 7 7 8 9 9 9 9 8 8 7 6 5 5 5 3 ~ 6 6 4 6 4 3 3 3 ~ 6 ~ 4 3 3 3 6 3 3  
6 ~ 6 5 4 5 5 6 4 4 5 6 6 7 7 7 7 7 8 8 ~ 9 8 7 7 5 5 5 5 3 3 6 4 6 4 4 3 3 3 3 4 4 3 4 3 3 3 3 3  
3 3 3 4 4 6 4 3 3 4 4 5 6 5 6 6 6 7 6 & 6 7 7 7 7 6 5 5 4 4 3 3 ~ 3 3 ~ 4 6 3 3 4 3 3 3 3 2 3 3 2 3  
4 5 3 6 3 3 3 3 4 5 4 5 6 6 6 6 6 6 6 6 6 6 7 6 6 6 5 5 4 5 6 4 3 3 3 ~ 6 6 4 4 4 ~ 3 3 3 ~ 3 3 3 3  
4 4 4 4 6 3 3 3 6 5 5 5 6 5 5 5 6 6 6 6 6 5 6 6 5 5 5 5 6 5 5 6 3 3 6 5 6 6 3 6 6 3 6 4 3 3 3 3 2 3  
5 5 6 3 6 4 3 3 4 5 5 5 5 5 5 6 5 5 6 6 5 5 5 5 5 5 5 5 5 5 6 5 ~ 5 5 5 4 ~ 4 ~ 5 5 4 4 6 3 3 3 3  
6 5 4 3 5 5 4 3 6 5 4 6 6 5 3 4 5 5 5 5 5 5 5 5 5 6 5 5 4 5 5 5 5 5 5 5 5 6 4 3 4 4 5 5 6 6 4 3 2 3  
4 5 5 4 5 4 6 4 4 6 3 3 3 4 ~ 4 5 6 4 4 4 4 5 5 5 5 ~ 6 ~ 4 5 5 5 4 5 5 5 6 4 4 4 6 ~ 6 6 3 3 3 3  
4 5 5 5 5 5 6 4 6 ~ 3 3 3 ~ 3 4 ~ 4 6 6 3 4 4 4 5 5 4 3 6 4 6 4 5 5 5 5 5 5 5 5 6 5 4 5 5 6 6 6 3 3  
5 5 5 5 5 4 6 ~ 3 3 3 3 2 1 2 3 3 6 6 6 3 6 4 6 4 4 4 ~ 4 5 3 4 6 5 5 6 5 5 5 ~ 4 5 5 5 4 3 4 4 3 2  
4 5 5 5 4 6 5 3 3 3 2 6 2 2 3 3 3 3 ~ 6 ~ 6 6 3 4 5 3 3 3 4 ~ 3 3 5 5 5 5 6 5 5 5 5 5 5 5 6 4 3 2 3  
~ 5 5 5 4 6 4 4 6 3 3 3 2 2 2 3 3 3 ~ 3 6 4 3 6 4 6 3 3 3 4 3 3 ~ 5 5 5 5 5 5 5 5 5 6 6 6 6 3 2 2 2  
6 4 4 6 3 6 4 6 4 3 3 2 ~ 2 3 3 6 3 3 3 3 4 6 6 ~ 3 2 3 3 3 3 4 6 5 4 6 6 5 5 5 6 6 7 7 6 ~ 3 3 2 2  
6 3 4 3 4 6 4 4 3 3 2 3 2 3 3 3 6 3 3 3 3 ~ 3 3 3 2 2 2 2 3 3 3 4 4 4 6 4 4 4 5 5 6 5 5 5 4 3 2 2 3  
3 3 4 3 3 6 3 3 3 3 2 2 3 6 3 3 6 3 3 6 3 3 3 ~ 3 2 3 3 3 3 3 6 3 6 5 5 4 6 6 5 4 4 5 5 4 3 3 3 3 3  
362343333333466455646633223433334444-46633~64464666 
2323333363334~4556463~3322233334634563333333666644 
2211333343233655~556336332@2233636643233233~434~65 
Z121336~4~26655555556663~3323336~433322236~33~6~6 
Z2123~66633565555555556~336333646333321336~66~656  
2222233336656~f i555655~566~32366222323222236~466666 

LEGEND 

MAP VALUE LOW RANGE HIGH RANGE 

0 O. IgE~OI  0 . 2 8 E + O I  
I O.Z8E*OI  0 . 3 6 E + 0 I  
2 0 ,36E+01  O.~4E+OI  
3 0 .6~E+OI  0 . 5 2 E + 0 1  
6 O.~2E+OI O , 6 I E + O |  
5 0 . 6 I E + O I  O ,69E+OI  
6 0 .69E+01  O.77E+OX 
7 O,77E+OI  Oo85E÷OI 
8 0 .85E+01  o . g 4 E e O I  
9 o, g4E+OI O. IOE+02 

Figure 9A Condltmnmg results prowded by cokngmg, van- 
able 1 

~(r)  = f r ( t  + r)f(t)dt, (26) 

fo 
Y(t) = f ( t  + u)T(du), (27) 

and 

l 15 

Z(x) = ~ ~ f(Cx, sj)), (28) 
t=l 

where ~n IS the covanance matnx for the m component  
random function defined i n  n-space, ~ is the corre- 
sponding covarlance matrix in 1-space , f  is an m com- 
ponent function and ]7 is the simulation on the line 
using mov ing  averages Unfortunately, except for ~.  a 
chagonal matrix, solutzons are not avadable readily 
f o r f  

Both 1 and 2 represent compromises  Subject to the 
assumption about the representation for 2~ in terms of  
uncorrelated random functions (2) and (3) coincide 
but practical for determining l?, where Z = I~A, are 
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not available for the general problem hence (2) 1s not 
an adequate solution Method ( 1 ) has the strong appeal 
that it incorporates coknging without severely restrict- 
ing the varlogram matrix and the empirical evidence 
suggests that the cocondltloned simulation has a var- 
logram matrix close to the original vanogram matnx  

AN EXTENSION TO CO-CONDITIONAL 
SIMULATION 

As with conditional simulation, the simulation of 
coregionahzatlon begins by forming nonconditlonal 
simulations To be precise, a nonconditlonal simula- 
tion model is developed for each random function of 
interest Each of these simulations is independent, that 
is, the noncondltlonal simulation for each random 
function begins with an unique random number seed 
Hence, cocondltional simulation begins in exactly the 
same way as with conditional simulation 

Yet, cocondltlonal simulation entails several random 
functions To accommodate this variable dimension, 
Equation 12 becomes 

SIMULATION RESULIS 

IF NCOL,GI .?Ot  THE FOLLOWING 
IS EVERY OTHER COLUMN BY EVERY 
OTHER ROW. 

~ 5 4 ~ 5 4 3 3 3 ~ 3 3 3 3 3 3 3 3 3 4 3 4 ~ 4 3 3 3 2 2 2 2 1 2 I O 0 0 0 0 0 0 0 I O Z Z 3 2 3 3  
4 4 4 5 5 3 3 3 3 2 2 3 3 3 3 4 3 ~ 3 3 4 3 3 ~ 3 3 3 3 2 1 2 2 ~ 2 t l O O O O O O O Z 2 2 3 3 3 4  
5 5 5 4 4 3 3 2 2 2 3 3 3 3 4 4 3 3 3 3 3 3 3 2 3 4 4 3 2 1 1 1 2 Z I 2 1 O O O O O I 2 Z 2 3 2 3 3  
4 4 5 ~ 2 2 3 3 2 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 2 1 2 1 2 2 2 2 1 1 1 0 0 1 1 2 2 2 3 2 2 2  
43554323ZZ332Z22222234433422111tZZZZIOZI IO22222222 
~4~44322333Z2221222444634321 I I 2221222222222221222  
333634632322721111123633333111122112ZZZ312221 I l I 22  
3 3 3 3 3 6 3 3 3 2 2 1 2 I I I t l I Z Z 3 3 3 2 3 3 2 2 t l l l Z Z 2 2 2 2 2 2 2 2 2 2 2 1 1 2 1  
363346321ZZ I IZ I? IZ IZZZZ3323222112Z IZZ222223ZZ3ZOIZ  
336663332122~I222221222333332222221232222234322211 
~4~33332 I l I 122322121222333233332322212223333333123  
6~3333222122223311122333322333332322|2123333333333 
333223222221112322122233233333632212 |2222332333333 
332222232212U227222112333323332221222222133433333  
232222~23~111112222221233363332212122212113363~333 
22333223221011122311233336643222211221222333333336 
22333332222 I l1222222333664433322211121233333232236  
I3333332211011122322333664663332211102332222222236 
223333222211111333333633455563322201222222222233~4 
Z2333332222IO12333634436655653332222222222223363~5 
32333333222212233~46646456665633332232222233346645 
332333327222223336~6664556666~46~22222211232333455 
23333332122222333344655566655564631221121222233446 
33364322222222333365556666676553632311222222233656 
233336332121222223455556677766634Z1322221122223456 
33334463222222233665555688876556333333211 |22333345 
22~44664322L22344~5678899877655654432222123334665  
23~5454433337333645~799999877656555663222223366556 
36366543333363323~6619999987656665#43222223334455~ 
6 ~ 4 4 4 6 3 3 ~ 2 3 3 6 3 4 4 3 ~ 5 6 7 9 9 9 9 8 ~ 7 6 6 5 5 5 5 6 3 3 3 2 2 1 2 2 3 4 4 6 6 ~ 4  
5 6 4 4 4 3 3 3 3 3 3 3 3 3 3 ~ 4 6 6 5 6 8 8 8 8 7 8 7 6 5 4 4 5 6 3 3 2 2 1 1 1 1 2 2 6 ~ 6 3 6 ~  
5 5 6 4 4 3 6 3 3 3 3 3 2 3 6 5 5 5 ~ 5 5 7 8 8 8 7 7 6 5 5 6 6 ~ 6 3 4 3 2 2 I | 2 2 3 3 3 6 4 6 ~  
5 5 6 4 6 6 3 4 3 3 3 3 3 ~ 6 5 5 6 ~ 6 5 6 7 8 7 7 7 6 5 5 6 6 4 3 3 3 3 2 2 2 2 2 2 2 3 4 3 3 ~ 5  
4 4 4 4 3 6 6 4 3 3 2 3 3 6 5 ~ 4 6 4 5 6 7 7 7 7 6 5 5 4 6 3 4 6 ~ 2 2 2 2 2 2 | I 2 2 3 3 3 3 3 6  
6 4 ~ 6 3 3 3 2 3 4 3 3 2 2 3 4 4 6 3 6 5 7 7 6 6 5 5 6 3 3 3 3 3 3 2 2 2 I I | 0 [ t 2 2 3 3 2 3 3  
~ 4 5 6 3 3 3 2 6 6 6 3 3 3 3 3 3 ~ 5 6 6 6 6 5 4 6 6 3 6 3 3 3 2 2 2 2 0 1 0 1 1 2 3 3 3 3 3 3  
~ 5 ~ 3 3 3 6 ~ 6 6 4 3 3 3 3 3 ~ 4 5 5 6 6 6 6 6 5 ~ 3 2 3 3 3 3 2 2 1 1 1 0 0 1 2 2 3 3 2 3 3 3  
5 5 5 4 3 6 4 4 6 6 3 3 3 3 3 4 3 6 6 6 5 5 5 5 6 6 5 ~ 3 2 2 3 3 ~ 2 2 1 I I 0 0 0 2 2 3 3 2 2 3 3  
5 5 5 5 4 4 4 4 6 6 ~ 3 3 4 6 6 5 4 6 6 5 5 5 5 6 6 5 4 3 6 3 3 3 2 2 2 1 0 I I 1 1 2 2 3 2 2 3 3 2  
566~64666333646664666665555666~222111|112223222233 
5 5 5 6 5 4 4 4 3 3 ~ 6 6 6 3 3 6 4 6 5 6 3 3 6 ~ 5 6 3 3 2 2 2 2 1 0 1 0 0 1 1 1 1 2 2 2 2 1 2 2 2  
6 6 5 5 5 5 4 ~ 6 6 ~ 4 6 3 3 4 ~ 6 5 5 4 6 6 3 6 5 5 6 3 2 2 2 2 2 1 1 0 1 1 2 1 1 2 2 2 2 2 1 1 2  
55555555543633~63646666466333322222221011222222222 
5 4 6 6 6 5 5 5 6 ~ 3 3 6 3 ~ 6 4 3 3 3 6 4 3 3 3 2 2 2 1 1 2 2 2 2 I O I I Z Z 2 I I I I I 2  
5 5 5 4 5 5 5 6 6 4 6 ~ 3 3 ~ 3 4 6 4 6 3 3 3 3 3 3 3 2 2 2 2 2 Z 1 2 2 2 Z l l 1 2 2 2 2 2 | I 1  
5 6 6 5 5 5 5 6 6 4 6 ~ 6 6 6 ~ 4 6 4 ~ 3 3 3 3 3 ~ 3 2 2 2 2 2 1 2 2 2 3 2 3 2 2 2 2 ~ 1 I | 1  
566655563333464~663332277333321111222223321 I [ 0001  
5 6 6 6 5 6 5 4 3 3 6 3 3 3 5 5 5 5 3 3 2 3 2 2 2 3 3 3 3 3 2 1 1 1 0 1 2 3 3 3 2 3 2 2 2 1 0 0 1 0  
5 5 5 6 6 6 5 5 6 3 6 3 ~ 5 5 5 ~ 3 3 3 2 2 2 7 2 6 3 3 2 2 2 2 1 0 2 1 3 3 3 2 3 3 3 3 1 0 0 1 0  
5 5 5 6 6 6 6 5 6 4 3 3 3 6 5 5 4 4 3 3 3 3 3 2 3 6 3 3 3 3 3 2 2 2 1 2 2 2 3 3 3 2 3 2 3 2 2 0 0 0  

LEGEND 

MAP VALUE LOW RANGE HIGH RANGE 

O - O . 3 5 E ÷ O I  - O . 1 5 E + O I  
l - O . I 5 E + O I  O.~8E+O0 
Z 0 .48E+00  0 . 2 5 E + 0 1  
3 O. 25E+OI 0.4~E+OI 
4 O,4qE+Ol O.6qE+OI  
5 O.6~E÷OI  O.84E+OI  
6 0 . 8 4 E + 0 I  O. IOE+02 
7 O. IOE+O2 O. I2E+O2 
8 0 .12E+02  O.14EeO2 
9 0oI4E+02 O. I6E~O2 

Figure 9B Conditioning results provided by cokngmg, van- 
able 2 
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CLASS 

I 
2 
3 
6 
5 
6 

GAMMA 

O.|qQ 
0 . 3 7 2  
0 . 5 6 6  
0 . 6 8 5  
0 . 8 3 8  
0 . 9 8 7  

I 1.081 
8 1 . 1 6 3  
9 1.189 

10 1 . 2 6 8  
l l  1.226 
I2 1.218 
[3 1.171 
16 l .  I 0 2  
15 0.989 
16 O. f l 2 I  
17 0 . 6 6 5  
18 0 . 4 9 0  
19 0 . 4 6 1  
20 0.507 

MEAN AND VARIANCE OF THE SIMULATION 
~EAN = 0.531E+01 

VARIANCE = O . I I S E + O l  

Flgurel0A Vanogram ~rFlgure9A 

Here, 

1 15 
Zo(x) = -- E ~(k,) (29) 

] / ' ~  t= 1 

Zo = ( Z l ,  Z2, , Zm) 

I7, = (Y, , ,  y,2,  , E ~ )  

J R CARR and D E MYERS 

(30) 

where m is the number of random functions to be sim- 
ulated Subsequent to solving Equation 29, each ran- 
dom function is transformed using either a linear or 
Hermltlan Transformation 

Although coknglng Is more expensive than ordinary 
krlglng (Carr, Myers, and Glass, 1985), it relies on auto- 
and cross-correlation for linear esumatmn of regmn- 
ahzed variables It is emphasized that the only differ- 
ence between condmonai slmulalaon and cocondmonal 
simulation is the method used for conditioning 

Using cokngmg, Equation 21 becomes 

2~(g) = Z,.¢(g) - Z*jg) + Zo%(g) (31) 

Z~(g) = (z= ,(g), z..2(g), 

2.c(g) = ( z . c  ,(g), z .c2(g),  

2n%(g) = (z*~ ,(g). z*~,2(g). 

Z*b(g) = (Zo*b ,(g), Z*b2(g), 

, z . m ( g ) )  

, z ~ m ( g ) )  

, Z * ¢ , , . ( g ) )  

, Z*b,, ,(g)) (32) 

where 

The vectors, 2% and Z'b,  are developed using cok- 
raging 

PROGRAM DESCRIPTION 

COSIM IS a FORTRAN IV cocondmonal mmula- 
tlon program which can simulate and condition from 
one to five random functions This program was de- 
veloped on an IBM 4331 computational system It 
provides a general technique for single or multiple 
variable conditional simulation If only one random 

function is to be simulated, COSIM is a standard con- 
dmonal simulation program Some elements of COSIM 
are modeled after the noncondmonal simulation pro- 
gram, SIMUL (Journel and Huubregts, 1978, p 537- 
545) COSIM is a general, powerful, single program 
for general geostatlstlcal applications 

COSIM is essentially the merging of a noncondl- 
tlonal mmulatlon program, looped over the desired 
number of random functions, with the program, 
COKRIG (Cart, Myers, and Glass, 1985) Cokngmg 
is employed for the conditioning of the cocondmonally 
mmulated random functmns 

As revealed in the program hstmg of Appendix 1, 
COSIM comprises a main program supported by 23 
subroutines and funcnon subprograms The 23 sub- 
routines and funcUons are listed alphabetically follow- 
ing the main program In brief, each of these program 
sections ~s descnbed here 

A Main Program (COS1M) controls 
1 ICOSOHEDRON Vector definition 
2 Data acquisition 
3 Noncondltional simulation of all random 

functions 
4 Statistical aspects of noncondltlonal 

simulations 
5 Transformation 
6 Conditioning 
7 Statistical aspects of the conditioned 

model 
B Subroutine AFORM 

Forms the lntersample covarlance/cross- 
covarlance matnx, a function of 
conditioning data The matnx has the 
dimension 

A(N,N), where 
N = (No of condllaonmg data + 1) X 
no of RF, N has a maximum value of 
100 under current program dimensioning 

C Subroutine COKRIG 
Performs actual conditioning through 

coknglng and solves Equation 24 
D Functions COVAR and CROSS 

CLASS GA'u  A 

I L.452 
2 3.264 
3 ~ . 0 6 8  
4 6 . 6 7 7  
5 7. 807 
6 8 . 7 9  v 
7 9 . 6 7 5  
8 10.237 
9 I0. 17g 

10 q. 793 
II 8 . 8 8 8  
I 2 7. 890 
13 6 . 9 7 [  
14 6 . 5 0 7  
L5 6 . 7 8 5  
16 7 . 6 2 ~  
17 8 . 5 8 1  
18 8.989 
19 9.30q 
20 9. 268 

MEAN AND VARIANCE OF THE SIMULATION 
~4 E A'~ = O. ~4IE+OI 

VARIANCE = O . 8 7 5 E + O I  

Figure  10B V a n o g r a m  for Figure 9B 



OBS REL CUNIL 

15 0 . 0 0 6  0 . 0 0 0  
132  0 . 0 5 3  0 . 0 5 9  
282 0 . 1 1 3  0 . 1 7 2  
758 0 . 3 0 3  0 . 4 7 5  
801 0 . 3 2 1  0 . 7 9 6  
358  0 . 1 4 3  0 . 9 3 9  

90  0 . 0 3 6  0 . 9 7 5  
36  0.014 0 . 9 8 9  
L7 0 . 0 0 7  0 . 9 9 6  
10 0 . 0 0 4  1 . 0 0 0  

2 4 9 9  

OBS REL CUML LOW 

6 0  0 . 0 2 4  0 . 0 2 4  - 3 . 5  
265  0 . 1 0 6  0 . 1 3 0  - 1 , 5  
696 0 . 2 7 9  0 . 4 0 9  0 . 5  
695 0 . 2 7 8  0 . 6 8 7  2.5 
641  0 . 1 7 6  0 . 8 6 3  4 . 4  
194  0 . 0 7 ~  0 . 9 4 1  6.4 

84 0 . 0 3 4  0 . 9 7 4  8 . 4  
30 0 . 0 1 2  0 . 9 8 6  1 0 . 4  
19 0 . 0 0 8  0.994 12.4 
15 0 . 0 0 6  1 . 0 0 0  1 4 . 3  

2499 

FORTRAN IV program for cocon&tIonal simulation 

LOW 

1.9 + 
2 . 8  ~- ) * * * * * * *  

4 . I t  l- * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

6 .  I + * * * * * * * * * * * * * * * * * * * * * *  
6 . 9  ÷ * * * * *  
7 . 7  ÷ ** 
8 . 5  + * 
9.4 + 

Figure 11A H,stogram for F~gure 9A 

4 .  

Figure 11B Histogram for Figure 9B 
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Compute the covanance and cross 
covanance values respectively as a 
function of separation distance 

CLASS GAMNA 

I ~ . 8 3 8  
2 6 . 0 1 2  
3 6 . 8 7 6  
4 7 . 4 2 7  
5 8 . 2 7 0  
6 8 . 7 7 1  
7 9 . 4 4 8  
8 9 . 9 3 0  
9 L 0 . 1 7 7  

tO 1 0 . 5 9 1  
11 1 0 . 8 ~ 3  
12 1 0 . 7 7 9  
13 1 0 . 6 4 6  
14  1 0 . 4 7 8  
15 1 0 . 2 0 1  
16 9.791 
t7  8 . 8 0 1  
18 7 . 5 4 1  
19 6 . 8 7 2  
20 6 . 8 1 4  

NEAN AND VARIANCE OF THE SIMULATION 
MEAN = 0 . 1 3 8 E ÷ 0 2  

VARIANCE = O . 9 3 6 E ÷ 0 1  

Figure 12A Cross-vanogram developed using nonconchtaonal 
cosimulatIon 

CLASS GAMMA 

I 1 . 6 9 8  
2 3 . 8 1 4  
3 6 .  033  
4 7 .  8 6 3  
5 9 . 3 4 9  
6 1 0 . 8 7 0  
7 1 2 . 2 8 3  
8 1 3 . 3 7 6  
q 1 3 . 6 7 9  

L0 L3.448 
11 1 2 . 3 3 7  
12 1 0 . 7 8 0  
13 8 . 8 4 6  
14 7 . 3 2 5  
15 6 . 6 7 8  
16 6 . 8 2 0  
17 7 . 3 3 8  
18 7 . 5 0 8  
19 8 . 0 0 3  
20 8.131 

MEAN AND VARIANCE OF THE SIMULATION 
~EAN = 0.872F+01 

VARIANCE = 0 . 1 1 8 E 4 0 2  
Figure 12B Cros~vano~am developed u s m g c o k n ~ n g  ~ r  

condmonmg 

E Function DRAND (Schrage, 1979) 
This is a double precision random-number 

generator, useable on a 16 bit or better 
CPU 

F Subroutine EQSOLV 
Inverts the matnx, A, prepared by AFORM 

Because the matrix, A, comprises all 
conditioning data, there is need to invert 
this matrix only once EQSOLV 
completes this inversion relative to Kuo 
(1965, p 168-169), modified to 
accommodate submatnx structure 

G Subroutine HGRAM 
Plots histograms of random numbers and 

simulation results 
H Subroutine INIT 

Accesses all program data 
I Subroutine MATML l 

Matnx multiplication for the definition of 
the icosohedron vectors 

J Subroutine MATMUL 
Matrix multiplication for various operations 

in the conditioning using cokngmg 
K Subroutine NUGGET 

Adds a nugget effect to the model as part of 
a linear transformation 

Method used 
Zr=Zr+5(DRAND(x)  05) (33) 
where ZT IS that computed by Equation 16 

L Subroutine PROPT 
Pnnts program options 

M Subroutine PRT1 
Pnnts program constants for each simulated 

random function 
N Subroutine PRT2 

Pnnts a printer map of each simulated RF in 
both the nonconditlonal and 
cocond]tlonal stages This subroutine also 
]nitiahzes the histogram plot for each 
simulation 
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Table 1 CPU execution tzmes for COSIM% 

Grld Slze No of Varlables 

1 2 3 4 5 

30 x 30 0 50 1 40 3 07 5 90 9 88 

50 x 50 5 82 21 33 ............ 

"t T~me expressed m CPU minutes, IBM 4331 computa- 
tional system, batch mode 

O Subroutine PRT3 
Pnnts conchtlonlng information for all RFs 

P Subroutine PTEST 
Pnnts simulated values at test locations 

Q Subroutine SCALG 
Accompanies subroutine EQSOLV SCALG 

performs diagonal normalization 
R FUNCTION TRACE 

Computes the trace of a square matrix Used 
by EQSOLV to search for maximum 
elements per row of matrix, A. 

S Subroutine TRANS 
Performs either a linear or Hermntian 

transformation relative to Equations 16 
and 17 

T Subroutine UNSAM 
Modifies the matrix, A, to account for 

undersampled RFs 

U Subroutine UNVEC 
Modifies the point-sample covarlance vector 

to account for undersampled RFs 

V Subroutine VARG 
Computes an east-west vanogram 

W Subroutine VECT 
Forms the 15 vectors of the icosohedron 

tT ~ G ~ r ~  THE FOLLOWING 
COLUMN BY EVERY 

OTHER ROW. 

52K3122322322q332~53~q53555235~556464~5~35433~5555 
213222133214222~2~3Z~55332~45453~66644~3~35~55543  
22222202113312~3433334553~43565223~6655342~335543  
332 IOOI1122232A~3~A3255453525534525353~3~5532333~  
3 1 3 1 1 1 2 0 1 1 0 3 3 4 4 3 ~ 4 ~ 6 5 ~ 4 5 5 6 5 5 3 5 5 6 ~ 3 3 3 ~ 6 4 5 ~ 5 2 7 3 ~ 5 ~  
1~221210011313335556654556536355555633~3~3~653~13  
l l l l O 0 2 0 1 1 2 I I 1 3 3 ~ A b T T 7 4 5 5 3 3 ~ 6 6 6 3 ~ 3 4 3 3 3 2 ~ 3 ~ 5 ~ 5 ~ 3 ~  
l I210ZOOOOOO32135655775~55335646~Ab6555224~43~3~2 
~ 2 3 3 1 2 2 0 1 [ I O 2 3 2 ~ 5 5 6 7 6 5 5 / ~ & 6 ~ 6 3 4 4 5 6 5 5 ~ 3 ~ 3 5 ~ 3 2 ~ 5 3  
3323221Z i2201 t~53455577~AF565~67TT656~66454~54~5~  
5 ~ 5 2 1 2 2 1 2 2 2 | ~ 3 3 5 6 ~ 6 5 7 8 6 8 8 7 6 5 6 1 5 7 5 6 7 6 ~ 5 6 6 6 ~ 6 3 3 5 3 ~  
~ 5 2 3 ~ 3 ~ 2 2 3 3 5 ~ 5 6 1 5 5 6 5 5 7 6 6 5 7 7 7 7 6 5 7 6 6 6 5 ~ 5 6 5 6 5 7 ~ 5 2 3  
7~3~322232335~35455656~7768666557667566~766856332  
6555353~5~3332263~66~65~4667576788675~75878665522  
bS~535~563433355667b~4766557587786T55556799765623  
664556535~333~5566656~56655~655777755Tb588q65~5~4  
65767656333644~575~65556556437~55~7686675778646533  
7 7 8 6 6 5 T 4 5 5 ~ 6 ~ 5 ~ 7 5 6 7 7 5 5 4 6 ~ 3 6 5 A 5 4 8 7 8 8 7 8 8 6 8 8 8 6 5 6 5 ~  
TbTT57566~5~3557567665~b~4~2~355~656677T?T7765543  
58676~766~57~5657675556~65~2~5~36~576557898765535~ 
T&6~757657~55566565745~32~St35355545655587687555~  
66557#65656667665576555#A~33~453#35~5~58888676655  
5~5656586678765557566535424334532~57~ / .67687675675  
5 5 7 5 6 ~ 7 7 6 7 5 6 7 8 5 6 8 5 ~ 6 5 5 5 5 3 2 ~ 3 2 3 5 5 3 ~ 6 6 4 5 6 7 7 8 6 5 6 6  
5665555~56~5577767655657563553L23~33556~4~55676757 
5 ~ 5 5 5 7 6 7 5 3 5 6 6 8 7 7 T ~ 5 5 6 7 5 7 6 6 ~ 3 2 3 2 2 3 ~ # 5 5 ~ 5 5 7 7 7 7 7 7 7  
~ 3 ~ 5 ~ # ~ 5 ~ 6 6 6 7 6 6 7 6 7 8 8 6 7 6 5 ~ 3 2 3 2 3 4 1 ~ 3 # ~ 5 6 6 7 7 7 5 5 7 8 7 6  
~ 6 ~ 5 5 5 3 5 6 5 5 6 6 5 6 7 7 5 8 5 7 7 6 6 5 5 ~ 2 5 3 1 ; 2 3 3 3 6 ~ 7 5 5 7 5 6 8 6 5 5 6  
5T55~4~5566645767~98776~5632~4223355555~676777566  
5 7 7 4 6 4 5 5 ~5 5 7 5 6 7 5 8678766575623331~355666768777587~  
6 6 6 6 5 5 5 6 5 ~ 7 7 7 7 7 6 7 8 6 8 ~ 7 5 7 5 3 5 5 5 1 3 5 4 6 6 5 6 7 6 5 6 5 8 7 7 6 6 5 7  
~46~54A5335565756665765T6~AZ3#235~65767665856676~ 
5T363435A~66757555b~564555~53~3435~SF8566757777754 
66555~23545565~566~56356555;43356#T877676778565754  
676555A5665~5554565656435~3~6545565765568987685666 
655555~3655#565~4555533445434466777895756887757745  
6 6 6 5 6 6 5 A 6 3 3 ~ 5 3 5 5333555~5~2533~55588516567978666 ;5  
5776565~64433~35~353~353553234558766888868778756~6 
56576655353421~33345235434~3535565866888R78775754  
5 6 6 5 5 6 7 6 ~ ; ~ 6 2 3 3 3 4 2 3 6 5 ~ 3 3 3 ~ 3 5 3 3 6 7 7 6 7 8 6 8 7 6 8 8 8 7 5 5 ~ 5  
666556~6553~3152335~53~5~334~3377665788999~9553~4  
66 6 5 4 5 6 5 6 ~5 ~ 3 3 4 6 53~5~6555423~43665568688989756632  z ~ 5 5 ~ 5 5 5 5 3 ~ 2 3 ~ 5 ~ 5 5 5 ~ 5 5 ~ 3 3 ~ 2 , # 5 5 ~ 5 7 7 5 6 6 7 7 8 8 6 6 7 5 5 5 ~ #  
~ 5 7 5 6 6 ~ 3 3 ; 5 6 ~ 5 ; 4 ~ 5 5 ~ 5 4 3 2 ~ 5 4 5 5 6 6 5 # ~ 6 6 5 7 8 6 7 5 # ~ 5  
~5~553~45~4~65~55565~53~4~3435~555556765556~57557  
3 3 3 5 ~ 6 5 3 4 6 5 3 5 5 5 6 5 6 6 ~ 5 5 ~ 2 2 ~ 2 3 ~ 5 6 3 5 7 6 6 5 5 ~ 5 5 ~ 5 6 6 5 ~ 6  
~ 2 2 3 6 3 ~ 6 ~ 5 4 6 5 5 7 6 6 6 # 3 3 6 3 3 2 4 ~ 3 ~ 6 6 ~ 6 6 5 4 3 5 3 3 ~ 5 5 5 6 7 6 7  
3 ~ 3 2 5 6 5 4 5 ~ 3 6 7 5 6 6 5 6 5 5 6 5 6 5 5 ~ 3 ~ 3 3 6 ~ 3 3 4 ; 3 3 6 6 6 ~ 5 6 6 7 6 6  
423~56565#655756577555545~3~5~55~3564#55555777667  
2~33~33#5~56454665756555~53~3552333~5~535#~6565545 

LEGEND 

NAP VALUE L~W RANGE HI&H RANGE 

O O . I ~ E ÷ O I  0 . 2 3 E ~ 0 1  
l 0 . 2 3 E ~ 0 1  0°31E+01 
2 O . 3 I E ÷ O !  O.~OE~01 
3 O.~OE~Oi 0 . 4 8 E + 0 |  

0 .48E÷01  0 . 5 6 E ~ 0 1  
5 O.56E+OI  0 . 6 ~ E ~ O I  
6 0 . 6 6 E ~ 0 1  0 . 7 2 E ~ 0 1  
7 0 . 7 2 E ÷ 0 1  O.80E÷OI  
R O.80EeOI  0.8SEED1 
9 0 . 8 8 E ÷ 0 1  0 . 9 6 F * 0 1  

SIMULATION RESULTS 

IF NCOL.GT. /0 t  THE FOLLOWiNG 
IS EVERY OTHER COLUHN BY EVERY 
UTHER ROW. 

3 3 4 2 2 L Z L L O I 2 3 ~ 4 ~ b A 6 5 5 ~ 4 ~ 5 5 5 ~ 4 ~ 5 ~ 4 ~ 4 4 ~ 4 ~  
~ z ~ t 2 3 3 1 3 t O 2 3 Z ~ . A ~ 4 5 6 6 6 6 5 5 ~ . 4 5 5 5 5 ~ 5 5 5 S ~ 4 ~ . ~  

4 ~ 4 ~ 3 3 3 Z l ~ A A ~ 4 4 5 5 6 6 6 5 6 6 6 5 5 5 5 5 6 6 6 6 5 5 ~ 5 5 5 ~ 4 ~  
5 ~ r ~ 3 4 ~ A P l e ~ 4 5 5 S S b b b b b O 6 6 6 6 6 6 6 6 6 6 5 5 5 5 5 5 5 5 ~  
~ 4 ~ . ~ 5 ~ S 6 5 5 6 6 6 6 6 6 6 7 1 6 b S S b b b 5 5 S S ~ b b 6 5 ~  
6 5 ~ 4 ~ 4 ~ 4 . ~ . ~ 5 ~ O b b 6 § b b b 6 7 7 6 6 6 6 6 6 6 5 5 6 5 b o T b 6 5 4 ~  
5 5 ~ ~ 4 ~ 4 ~ A 6 5 5 5 5 5 5 5 6 6 b b b b b b T b ~ S b 5 7 6 7 7 5 S A ~  
5 6 S ~ ~ S S ~ b ~ 5 5 6 6 5 5 6 6 6 6 6 7 1 T b 5 5 5 6 6 7 8 8 7 6 5 ~  
b b S § 5 5 ~ q ~ 4 ~ § 5 5 ~ 5 5 5 5 5 5 S ~ b b b b 6 6 6 6 6 6 6 6 ~ l ~ b 5 5 ~  
S b b b 5 5 5 ~ , ~ 5 5 5 5 5 6 5 5 5 § ~ S ~ S 5 5 5 6 1 6 6 6 ~ l b l l T b b 5 ~  
b 7 7 ? b S b ~ . ~ 5 5 ~ 5 5 6 6 5 b b 5 5 5 5 5 4 ~ 5 5 ~ S b T l T T / ? T T ? 6 6 6 5 5 ~  
6 6 6 6 6 5 6 5 5 ~ 5 5 ~ 5 ~ b b b S ~ 5 5 5 5 ~ r ~ S b b ~ T b T 6 7 7 7 6 5 5 ~  
6 6 6 6 5 6 5 6 6 5 5 5 5 ~ 5 6 6 6 6 5 S 4 5 ~ S ~ 4 ~ 5 5 6 6 6 6 6 7 7 8 ? b S ~  
5 5 5 5 6 5 6 6 6 5 5 5 ~ S b b b b b ~ 5 5 ~ 4 ~ 4 ~ t ~ 5 ~ 5 5 5 5 6 ~ 7 7 6 5 5 ~  
5 5 5 5 5 6 5 6 6 5 5 5 6 6 6 6 6 6 6 6 5 5 5 5 ~ 4 ~ 5 5 5 5 5 b T T T 6 6 6 ~ 5 5  
6 6 5 5 6 6 5 6 6 6 6 6 b b b b b b b 5 5 5 5 ~ 5 ~ A P ~ 6 ~ 5 5 6 7 6 7 b T b O S 5  
5 ~ b 5 5 5 ~ S b T b b b 6 1 6 7 6 6 5 5 5 ~ b ~ A ~ 4 1 4 1 ~ 5 5 S ~ b ~ b T T b b b  
6 5 5 ~ 5 5 5 5 5 6 5 6 6 6 7 6 1 6 6 5 5 5 ~ S 6 ~ 5 ~ 4 ~ ' ~ 5 5 5 5 6 6 6 6 6 6 6  
5 5 5 A 5 5 6 5 5 ~ S b b T T T b 5 6 6 6 5 5 5 ~ 5 ~ 4 ~ 5 5 5 6 6 6 6 6 6 ? T  
5 5 ~ 5 5 5 5 5 ~ S 5 5 6 b b b 6 b T b b 6 6 5 ~ 4 ~ S 5 5 6 6 6 6 6 6 b b  
5555555~5555556bO6bTTbbbS~4~4~AF*5556566666666 
5 6 6 5 5 4 ~ 6 5 5 5 6 5 5 5 6 6 6 7 8 7 7 1 5 6 5 4 ~ 4 ~ 5 5 5 5 5 6 ~ T b b b b 5  
5 5 6 5 5 5 5 5 ~ 5 ~ 6 5 5 6 6 7 6 ? ? 7 7 6 6 6 5 5 ~ 5 6 5 5 5 6 6 6 7 6 6 6 6 6 5  
S 5 5 5 6 5 5 § ~ S b 6 6 6 6 6 6 6 6 7 6 6 6 b ~ A t ~ 5 5 5 5 6 5 6 7 6 b F 6 6 6 5 6  
~ 4 4 ~ 4 ~ 4 4 ~ S b S b 6 5 6 5 5 5 6 5 6 b S ~ A 5 5 b b S b 6 0 6 b b 5 6 6 5 5  
5 6 ~ 5 ~ ' ~ S S ~ S S 5 5 5 5 6 5 5 5 5 5 5 ~ ~ 5 ~ b l b b b T b b b b b b 5 5  
5 5 5 ~ 4 ~ 5 5 5 6 5 5 ~ 5 5 6 5 S ~ A ~ 5 ~ S 5 5 ~ 6 6 6 6 6 6 6 b ? T 6 6 6 5 5 5  
6 5 5 ~ 5 5 ~ 5 5 5 § 5 5 ~ 5 5 5 . 5 ~ , . 5 ~ 5 5 5 5 6 6 1 1 6 6 6 6 1 T T l b 6 5 5 5  
S55~SS~5~5544~4~44~Ad~4~5566bbTTbbbbT87bbboS5 
5 6 6 5 5 5 ~ 5 ~ A F e ~ 5 ~ . 4 ~ 4 ~ S b b b T T b b b b 6 T l T T 6 5 6 5 5  

6 6 6 6 6 5 5 ~ 4 ~ . ~ 4 . 4 ~ 4 ~ 4 4 ~ 5 ~ 5 5 6 6 T T T l b 1 7 8 7 7 6 6 6 S ~  
5 6 6 6 5 5 5 ~ 4 4 4 ~ 4 ~ 4 4 ~ 4 ~ 4 ~ 5 ~ S b b 7 1 7 7 7 8 T l T 8 6 6 5 ~  
5 6 6 6 5 5 5 5 5 ~ 4 4 ~ 4 ~ 4 ~ 4 ~ A J . ~ 4 4 ~ 4 ~ 5 4 4 5 6 b b b T ~ T l T S 9 8 6 5 ~ 4  
5 5 6 5 ~ 5 5 5 5 ~ . ~ J . ~ . . ~ 5 ~ q ~ 5 5 6 6 5 6 6 6 7 8 8 9 9 6 o 5 5 ~ A  

~ 5 ~ 5 5 5 4 ~ . ~ 5 ~ 5 ~ A S q . ~ * ~ 4 ~ . ~ S S 6 6 6 5 5 6 7 6 6 ~ T b S 5 5 ~ 5  
~ 5 ~ 5 ~ 5 4 ~ 5 5 5 5 6 6 5 ~ 4 ~ 4 ~ S S b b b b 6 5 5 6 6 5 6 6 6 6 5 5  
~ 5 ~ S 5 5 6 6 5 5 5 ~ ~ 5 5 ~ b 6 6 5 5 5 5 5 5 5 5 6 6 6 5 b  
~ A ~ A ~ 4 5 5 ~ 5 5 6 b b b b S / e ~ 5 ~ 4 5 ~ 5 5 5 ~ 4 ~ 5 5 5 5 6 6 6 6  
~ 4 ~ 5 5 5 5 ~ 5 5 6 6 6 6 6 6 6 5 5 5 ~ 5 5 5 ~ 5 5 5 5 5 5 6 6 b  
~ 4 ~ 5 5 5 5 ~ 6 5 ~ b b b b b 6 b b S ~ 4 ~ 5 ~ 5 5 5 ~ z ~ 4 5 5 6 5 5 6 6 6 S  
~ 5 5 6 5 6 6 6 6 6 1 6 6 5 6 5 5 5 ~ 4 4 5 5 ~ A ~ 5 5 5 5 5 5 5 ~  

LEGEND 

HAP VALUE LOW RANGE HIGH RANGE 

0 - 0 . 2 T E - O |  O. IOE~OL 
1 O. IOEe01  O.2LE~01  
2 0 . 2 1 E ~ 0 1  0 . 3 2 E + 0 1  
3 0 .3ZE~01  O.43E~OL 

Oo~3E~OI 0 .53E~OL 
5 0 . 5 3 E ~ O I  0 . 6 ~ E ~ 0 1  
6 0 . 6 ~ E ~ 0 1  0 .15E~01  
7 0 . 7 5 E ÷ 0 1  O.BSE~OI 
8 O.85EeOL O.9bEe01  
9 0 . 9 6 E ÷ O I  O. I IE~OZ 

Figure 13A Linear transformaUon v~th nugget, variable 1 F]gure 13B Hermman transformation, variable 1 



FORTRAN IV program for cocondltzonal simulation 

SIMULATION RESULTS 

t F NCOL.GT.70f THE FOLLON|NG 
$ EVERV OTHER COLUMN BY EVERY 

OTHER RON. 

~5~346554555767565557bT7774~5566546666565757656545 
57476645554576565657~T57~565STT4475556665TS8456457 
56766676755686TATb5686666756656555656766876~665665 
8755766866T56646576756556575665767TTTT767777546436 
68?87689965766886857657665655565766688876666766566 
788798676~755575657736555563655565~6856755668575T4 
678879878877776665755665655676888778755857567656~6 
~589988769866656764446765566T8767767676767866685T5 
868977788786887655566~5666757658674567655566877666 
867TTTBb8776787566636~56375665475T6666556586767636 
77899797758887767564556543566674766645767788886465 
77659767145876547665655555554§56466446565476776444 
4656866536656853666666643453235436366764576~647665 
77578685435467666546533546443443325546444447563666 
66665665634456355765645242242636433564634455654556 
6666655656365634675664622626426264663526~363666535 
65345456325645636356331163633363233332344335533443 
66665766533467656636633331222366326653636225462554 
6333555456575655446134623544326535632235333~333535 
56523454336366565331313624546562356336632666653~36 
6 4 5 6 4 3 6 7 5 5 6 5 5 6 6 4 3 6 3 6 2 3 3 3 4 4 4 7 6 6 3 5 5 6 6 3 3 ~ 2 2 2 3 5 3 2 5 6 4 3 3  
5 4 4 3 4 4 6 6 5 5 4 4 5 4 4 4 6 4 5 3 3 2 4 2 5 4 4 4 4 3 5 5 5 6 6 4 6 4 4 3 5 3 3 2 5 4 4 6 4 4  
5 6 5 3 5 6 6 6 6 6 6 5 5 6 5 ~ 5 3 4 6 2 5 6 3 3 3 6 5 3 6 5 6 6 6 5 6 3 6 6 3 3 4 3 1 6 5 5 3 3 2  
5 6 6 6 5 5 5 6 5 5 5 3 4 6 5 6 3 3 6 3 3 6 6 6 5 3 6 2 6 6 4 7 6 6 6 6 5 5 5 5 5 4 6 6 2 6 6 5 5 3  
5 7 4 4 5 4 4 6 6 6 5 3 3 6 6 5 5 6 5 5 5 3 4 5 5 4 4 3 3 6 7 6 6 6 5 6 6 6 b ~ 5 ~ 2 3 3 1 2 4 2 5  
8 6 5 6 5 4 6 5 4 3 3 6 5 6 6 6 7 4 5 6 6 4 5 6 4 5 5 5 5 5 6 6 8 7 7 7 6 5 4 6 6 5 ~ 4 3 3 3 3 4 ~  
4 6 5 6 3 6 6 3 3 3 3 7 5 6 6 4 7 6 6 7 7 6 4 6 6 6 7 5 5 7 6 7 8 6 8 8 6 7 6 7 6 6 6 4 3 4 3 6 2 4  
6 6 4 3 4 6 3 3 5 4 4 5 7 7 8 7 8 7 7 5 7 7 7 7 5 8 5 7 5 6 9 8 6 T 7 9 7 7 7 5 5 2 5 5 3 4 3 2 4 6  
6 3 4 6 3 2 6 3 3 4 4 4 7 6 7 5 5 7 5 6 7 5 7 6 7 7 8 8 8 8 8 6 9 5 8 6 6 5 6 5 3 5 4 5 5 3 3 5 2 5  
4 5 2 3 2 4 2 6 2 5 6 5 7 5 6 6 5 5 5 5 6 6 7 5 8 7 6 6 T S T 8 T ? 7 7 6 5 7 5 4 6 5 3 3 5 4 5 6 4  
3 3 3 4 6 3 3 2 3 5 6 6 7 7 7 6 6 7 6 7 5 7 6 6 5 7 8 9 7 8 9 8 8 8 8 6 6 4 5 6 3 3 4 3 6 3 3 5 5 4  
3 2 3 2 3 3 3 4 3 3 5 5 5 7 5 7 6 4 6 6 7 8 5 5 f l 8 8 8 8 7 8 8 6 9 8 8 6 7 5 S ~ 3 4 3 5 6 ~ 6 3 4  
3 2 6 2 3 2 6 2 4 2 2 3 5 4 5 6 4 7 5 6 7 6 5 7 7 6 6 8 6 F 7 7 8 7 7 6 6 5 3 3 3 3 3 2 3 3 6 5 4 3  
3 3 3 4 3 3 | 0 0 2 3 3 4 6 6 5 5 6 7 5 6 6 6 5 T T 6 8 8 8 8 5 7 7 6 6 4 5 3 5 6 3 3 6 6 5 3 6 4 5  
] 3 2 4 3 4  1 3 0 0 ~ 3 4 5 6 6 3 4 6 7 4 8 7 7 6 T 7 7 8 8 7 5 8 7 7 8 6 6 2 3 4 6 3 ~ 2 3 6 6 3 5  
3 3 3 4 5 3 ~ 3 [ 3 7 3 4 4 3 6 5 6 7 8 6 8 6 6 8 6 ~ 7 8 7 8 6 7 6 7 5 7 4 5 5 6 3 4 3 3 3 5 3 4 3  
6 5 6 3 3 2 4 1 3 2 3 3 3 2 2 3 6 6 6 5 ~ 7 6 8 7 7 8 7 8 8 8 6 7 ? F S b 6 5 3 3 4 6 5 4 4 3 5 5 3  
5 3 ~ 2 4 2 2 2 1 2 ~ 3 3 4 4 3 4 5 6 5 7 7 5 6 6 6 6 6 6 6 5 6 6 6 5 7 5 6 5 3 6 3 4 6 5 5 3 5 6 2  
5 2 3 3 4 ~ 4 3 4 2 1 2 4 1 4 3 3 5 3 6 5 5 8 4 8 5 6 8 7 7 6 7 7 6 6 6 5 3 3 6 5 5 5 5 6 4 6 5 3 6  
63~345422337363526~4565566868668646435536536643356 
43454433Z32366354533L3476657778TI876655436435~4443 
6 3 5 5 5 3 5 6 4 4 4 4 1 3 4 3 4 5 4 3 3 3 5 5 7 6 6 7 5 6 7 6 7 6 7 7 6 6 5 5 3 5 5 5 6 3 4 5 3 5  
5 4 5 5 4 5 6 6 5 3 1 2 3 3 3 3 6 3 5 3 4 4 2 5 6 7 6 4 6 7 7 6 5 5 5 5 7 5 6 ~ 3 5 3 5 6 3 6 6 6 4  
5 6 6 5 3 5 4 7 5 2 4 5 7 6 3 ~ 5 5 6 ~ 4 4 5 4 6 6 6 5 7 6 ~ 7 ~ 6 6 7 4 5 3 5 3 5 5 5 6 6 6 6 5  
6 3 3 4 6 5 6 5 6 4 5 3 5 5 3 3 6 5 5 4 3 6 6 6 5 5 1 6 7 6 8 9 7 7 6 6 5 5 4 6 4 6 6 5 5 5 6 6 4 5  
4 4 4 6 4 6 6 7 5 4 6 4 6 5 6 5 4 6 5 2 6 3 6 7 5 6 5 5 7 7 6 9 6 5 5 5 5 3 5 6 6 6 5 5 5 6 5 5 3 3  
6 7 4 7 5 6 6 5 7 5 4 3 3 6 5 5 5 6 6 6 5 3 3 8 5 7 5 7 6 ~ P 8 6 5 6 5 5 6 6 4 6 3 6 6 7 5 5 5 3 6  
6 6 5 7 7 7 5 6 6 6 5 6 5 6 6 3 6 5 6 6 ~ 5 7 6 T ? 8 8 5 5 5 8 6 5 6 6 4 5 6 5 6 7 7 6 5 7 7 6 6 6  
6 6 7 7 5 8 6 3 4 4 6 6 5 3 6 6 6 5 6 6 4 5 7 7 7 6 6 7 6 5 7 7 5 6 6 6 ~ 5 6 5 6 5 6 5 5 5 6 T 5 6  
5 6 4 4 6 6 6 5 6 3 5 5 4 6 6 5 7 6 7 6 ~ 8 8 8 9 ~ 6 7 7 7 6 6 5 3 5 5 3 3 5 6 5 5 7 h T 6 5 5 6 6  

LEGFN9 

MAP VALUE LDN RANGE HIGH RANGE 

0 -0 .29E÷01 -0.96E+OO 
1 -0 ,94E+00  O, IOE÷OI 
2 O.IOE÷OI 0 .30E~O|  
3 O.30E+OI 0 .50E÷OI  

0.5OE÷OI 0.TOE+Or 
5 O.70E+OI O.90E~OI 

O.90E+OI O,I IE~-02 
0,11E÷02 0.13E+02 

8 0,13E~02 0,15E~02 
9 0.15E+02 0.17E+02 

Figure 14A Linear transformation w~th nugget, variable 2 

Portablhty of COSIM 
Three major considerations must  be accounted for 

when attempting the execution of  COSIM on com- 
putational systems other than the IBM 4331 System 
F~rst, S U B R O U T I N E  INIT utlhzes free formats for 
data acquisition, for example,  

READ(5,*)  M V A R  

The F O R T R A N  compiler,  i f  not amenable to this type 
o f  read statement, might dictate the use o f  a formal 
format structure Second, the random-number gen- 
eration function, D R A N D ,  is compatible w~th 16 bit 
or better CPUs COSIM pnnts  a histogram of  random 
numbers at the beginning o f  each nonconchtlonal sim- 
ulation If this histogram IS unacceptable, D R A N D  
may  need to be replaced by a system function Finally, 
a temporary storage file is needed for the noncondl-  
tional s imulation phase This file is designated as unit 
l and is used at statements COS02890 and COS031 l0  
within the program Some systems may  not accept the 
unit 1 designation 
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Input descrtptton/dlmenstonzng hmztat~ons 
Data input to COSIM is controlled entirely by Sub- 

routine INIT Data entry, at present, is afforded 
through free format style The following is essentially 
a reproduction of  the data input guide which occurs 
at the beginning of  COSIM (see Appendix 1) 

Input gutde Figure 1 presents an example data file 
for COSIM Its entries are 

Record 1 R E A D  (5,*) M V A R  
M V A R  = No of  R A N D O M  
FUNCTIONS 

To be simulated (From ! to a 
m a x i m u m  of  5) 
If M V A R  = 1, COSIM IS a standard 
conditional s imulation program 

Record 2 R E A D  (5,*) N R O W ,  NCOL,  XDIM,  
YDIM 
N R O W  = No  of  rows in model  grid 
N C O L  = No  of  co lumns  in model  
grid 
X D I M  = X - distance between 
co lumns 
YDIM = Y -  distance between rows 

SIMULATION RESULTS 

IF NCOL.GT.TOt THE FOLLOWING 
1S EVERY OTHER COLUMN BY EVERY 
OTHER RO~. 

36646433444334~43~4434~43~3211101tOOOOOOOOOOO12LZ2 
~445~416443344445~663~33433322111LLOOOOOOOOOL112223 
4554~44333644455~4333233331111;20LOOOOOOOIL1212Z 
4~..546633463~56~333364633333101012LLOOOOOOOllL2LLL 
3356443443444~33333344433~22101122E20010000LOLOELl 
34444543346~333222344443432LLL22211LLLLlOLOOOOLLL 
3334-6~l.~3~33432112134443333ElOLLLLOLILL201LOOOOOLL 
334444~643333222121253332331LILOXZLLLLLLLLLL|OOOLO 
343444~323321222L21?.Z2233333221L211121LLLL2112LOOL 
34444433222222322221223333332222221221LL222332LlO0 
44443~331222233~2LLLL2233333334332120LLL2233232023 
443~33Jg~222LL~OLLIL2333393433333LLLIILZ33~323332 
3333333222111122121LL2232333334322LLLLL22232333~33 
3322333321LIOO2211LllL23363343332ZLZZZZ2LL33433333 
22222233320000011111112333~3~322L2LZ2|1211334333~3 
L23332232200000|lLOOL332344~33222LLZIL223344333334 
12333322LtLOOOOlLLO1223336~333L221011023333~3~3335 
022~322LOOOOOOOOLOOL22333332222LOOOOZ333333333345 
IL2322222LOOOOOLLILlt2Li2344333LlLOLX2233336634455 
iL222221LlLOOOO2LILLL21123366LLZLLLL1222333644~4~6 
212233222LIOOOOilZ22|lLL33~432LL22LL2112Z345566768 
2~L2~3ZZLIOILOLLOIILOOLZZ3332IZ32|OOLL2|L34445~179 
L293222|OLlOOOOLOOOOOOOL2232L2L22LOOOOL213334~5579 
L~2433LLIILLLOOOOOOOOOOLLLZ3ZZZOLLOLOOL2233)44~S799 
1L223332LLLOOOOOOOOOOOOOO122LLOOLOOLLOLLL2333~5579 
2222~43321LOOOOOOOOOOOOO223LLOOOOOOLLLLLLZ33~44567 
LL4434~33110000000000LL22ZZLLOOOOOLLIL22L3~4~.5579 
L34465443322011OOOOOO21L22Z|LLLIOLLLLILLZ334~Sb999 
3~34454333232LOOOOOOLL22ZLOOOOL111LOlOOLL2344§b99b 
3364333332323LLOOOOOOLLILLLOO|lLlLLLOLOLL223657566 
434433334332221100000LLLLOLOLLOOLOOLOOOOO1335bb~55 
444443433332LLZ3LOOOOL2111LLOOOOLLO2LOOOLL344~6554 
~43336343332233~2LOLOL22112LOOLOZLO2200Ll~Z3q54~Sb 
4644344433222332LOOLL2Z2321LOOOLLLOOLLLLO0233~3~§ 
4~333323~321L~ZLLOO2332200000010100000000L233~33q 
~q6333324~3ZLZ2L2LI23333LOOOOLLOLiOLXOOOOLZ334444 
~44333~33222112Z3333333ZLOOOO2~LLOOOOOOL2333333 
4~3344~4~3~22312293323333ZOOOLZ200000000L33~3333 
5~54444~-~3~3~3J23~33~3L2LL2LOlOOOOL0123~3333 
466bb<#*33333~333333223~44433233LLOOOOOOOL22322333~ 
555653~332333333333322233332~LLLIOOOOOOOOLZ2ZLL2,?.3 
bb4554~4333~333333~43332~4~42LLILLOOOOOLOLLL2221L3 
54454~44~3333~36~.3333333~23211LLLLOOOOOL21Lt2212 
~44~k.444~33332233333333~322~LLlOOOOLLOOOOLLLOLLO[L 
54~6~5433~333333233333322323LLOLLOOLOLlOOOLLLLLOOL 
46645553~A.333~4~33433~ZZ2223~LOOLLOIOL~L20LLO00000 
4667~32~Z3334~333ZZLLLL33ZZLOOOOOOLLO2~O0000000 
45665543233ZZ3~64~2222LLL~3232100000LZ~|LZLLLO0000 
4~Sb6554~22.~543322LLLLL323LLLOOOOOZZ~LZZZZO0000 
4~b566543233~3432322LZ33232ZLLOOLL~Z3212LZLlO00 

LEGEND 

MAP VALUE LOW RANGE HIGH RANGE 

0,71E~00 0 .27E*01  
0,27E~01 0,61E~OL 

2 0.~7E~01 0.67E~OL 
3 0.67E~01 0 .87E*01 
4 0,87E+01 0 ,11E t02  
5 0,11E~02 O, L3E~02 
b 0,13E+02 0 ,1~E*02  
7 0.15E+02 O. ITE+OZ 
8 0.17E~02 0.19E~02 
9 0,19E~02 0,21E+02 

Figure 14B Hermltlan transformation, variable 2 
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OBS REL CUML 

20  0 . 0 0 8  0 . 0 0 8  
57 0 . 0 2 3  0 , 0 3 1  

132 0 . 0 5 3  0 . 0 8 4  
318 0.127 0.211 
• 96 0.198 0.409 
664  0.266 0,675 
437 0.175 0.850 
267 0 . 1 0 7  0 . 9 5 7  

93 0 . 0 3 7  0.994 
15 0 . 0 0 6  1 . 0 0 0  

2499 

085 REL CUML LOW 

5 0 . 0 0 2  0 . 0 0 2  - 0 . 0  
18 0 . 0 0 7  0 . 0 0 9  l . O  
25 0 . 0 1 0  0 . 0 1 9  2 . 1  
22 0 . 0 0 9  0 , 0 2 8  3 . 2  

L052 0.421 0 . 4 4 9  ~.3 
670 0 . 2 0 8  0 . 7 L 7  5 . 3  
548 O.dl9 0 . 9 3 6  6 . 4  
L44 0.058 0.994 7.5 

1~ 0.005 0.999 8.5 
2 0o001 t . O 0 0  9.6 

2499 

OBS REL CUML 

4 0 . 0 0 2  0 , 0 0 2  
18 0 . 0 0 7  0 . 0 0 9  

107 0 . 0 4 3  0 . 0 5 2  
339 0 . 1 3 6  0 , 1 8 7  
517 0 . 2 0 7  0 . 3 9 6  
557 0.223 3.617 
477 0 . 1 9 1  0 . 8 0 8  
314 0 . 1 2 6  0 . 9 3 4  
143 0 , 0 5 7  O . 9 q l  

23 0 . 0 0 9  1 . 0 0 0  

2499 

OES REL CUML 

4 3 8  0 . 1 7 5  0 . 1 7 5  
566  0.226 0 . t ¢ 0 2  
437 0 . 1 1 5  0 . . 5 7 7  
604 0.2~.2 0 . 8 1 8  
3 3 0  0 . 1 3 2  0.9 ,50 

68 0 . 0 2 7  0 . 9 1 8  
35 O.OL4 0 . 9 9 2  
lO  0 . 0 0 4  0.996 

I 0 . 0 0 0  0 . 9 9 6  
lO 0 . 0 0 4  1 . 0 0 0  

2499 
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LOW 

1.5 + * 
2 , 3  + * * * *  
3 , 1  + * * * * * * * * *  

6 , 8  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
5 . 6  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

7 . 2  ÷ * * * * * * * * * * * * * * * * * * * *  

8.8 + *  

Rgure  15A Histogram for Ftgure 13A 

+ 
4- 
+ * 

+ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
+ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
+ * * * * * * * * * * * * * * * * * * * * * * * * * *  
+ *****=,  
+ 
+ 

Figure 15B H~stogram for Fmgure 13B 

LeW 

- 2 . 9  + 

1 . 0  + * * * * * * * * *  

5 . 0  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
7 , 0  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

ll.O + * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 3 . 0  + * * * * * * * * * * * *  
1 4 . 9  + **  

Figure 15C Histogram for Figure 14A 

LOW 

2 . 7  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ t . 7  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
6 . 7  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
8 . 7  + * * * * * * * * * * * * * * * * * * * * * * * * * * *  

10. l * * * * * *  
12.6 + ** 
1 4 . 6  + 
L 6 . 6  + 
1 8 . 6  + 

Figure 15D Histogram for Figure 14B 

R e c o r d  3 

R e c o r d  4 

Reco rd ( s )  5 

R E A D  (5,*) Y M A X ,  X M I N  

T h e s e  a re  t he  y a n d  x c o o r d i n a t e s  

respecUvely  o f  t he  uppe r ,  left c o r n e r  

o f  t he  m o d e l  gr id  

R E A D  (5,*) R S E E D  

R S E E D  = A n y  odd ,  d o u b l e  

p r e o m o n  n u m b e r  f r o m  l to  

2 1 4 7 4 8 3 6 4 7  e g ,  6 6 6 6 6 6 6 6 3  DO 

M O D E L  T R A N S F O R M A T I O N  

A R E A D  (5,*) I T R A N S  

I T R A N S  = 0 ( L i n e a r  

t r a n s f o r m a t i o n )  

I T R A N S  = l ( H e r m m a n  

t r a n s f o r m a t i o n )  

B-1 I f I T R A N S  = 0 

R E A D  (5,*) L V A R ( I ) ,  

L M E A N ( I ) ,  R A N G ( I ) ,  

C N U G ( I )  

w h e r e  I = 1 to M V A R  0 e ,  

M V A R  reco rds  a re  r e q m r e d  
here)  

L V A R ( I )  = demred  v a n a n c e  o f  

var iable ,  I 

L M E A N ( I )  = des i red  m e a n  o f  
var iable ,  I 

R A N G ( I )  = r ange  o f  spaUal  

s t r u c t u r e  for  I 

C N U G ( I )  = N u g g e t  va lue  for  I 
B-2 I f l T R A N S  = 1 

R E A D  (5,*) ( C O E F ( J ) ,  

J = 1,10), R A N G  (I)  

C O E F  = T e n  coeff ic ients  o f  t he  



FORTRAN IV program for coconditlonal simulation 

Table 2 Coeffioents of Hermlte polynomial expansion Coef Record(s) 10 
= ~bN 

N RF #i RF #2 

0 5 8100 5 9540 

1 i 0010 2 9780 

2 0 2043 0 2430 

3 0 0373 -0 0309 

4 -0 0388 0 0425 

5 0 OO7O 0 OO5O 

6 0 0017 -0 0104 

7 -0 0022 -0 0029 

8 -0 0002 0 0005 

9 0 0002 0 0003 

Total = i0 

Record 6 

Record(s) 7 

Record(s) 8 

Record 9 

Hermman Transformation 
RANG = Desired range for 
variable I 

READ (5,*) NSTOP 
NSTOP = 0 (noncondmonal 
simulation, used to check 
noncondmonal slmulatmn) 
NSTOP = 1 proceed with 
conditioning 
Required only ff NSTOP -- 1 
VARIOGRAM PARAMETERS 
MVAR records 
READ (5,*) CO(I), C(I), 
RANGE(I), ANIS(I), RATIO(I) 
CO(I) = Nugget of Vanable I 
C(I) = Sill of vanable I 
RANGE(l) = Range of vanogram, 
Variable I 
ANIS(I) = Spatial Anlsotropy Angle 
RATIO(I) = Range--long/Range--  
Short 
ISOTROPY ANIS = 0, RATIO = 1 
Reqmred only if MVAR > 1 and 
NSTOP = 1 
Cross--Vanogram parameters, 
requlnng MVAR (MVAR - 1)/2 
Records 
READ(5,*) CCO(I), CC(I), 
CRANGE(I), CANIS(I), 
CRATIO(I) 
where these are the nugget, sill, 
range, amsotropy and ratm of the 
cross vanogram for variable pair, I 
Reqmred only if NSTOP = 1 
READ(5,*) IKRIG 
IKRIG --- 0 (all vanables fully 
sampled) 
IKRIG -- 1 (some variables 
undersampled) 
If IKRIG = 1, a zero data value 
indicates undersampling 
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Record 11 

Record(s) 12 

Reqmred only if NSTOP = 1 
READ (5,*) Y, X, (DAT(J), J = i, 
MVAR) 
Y = Y coordinate of condltmnlng 
point 
X = X coorchnate of conditioning 
point 
DAT = 1 to MVAR Variables 
Program continues reading 
condmonlng DATA 
(l record per condmonlng point) 
u n t l l X =  Y = 0  
Required only if NSTOP = 1 
READ (5,*) KTEST 
KTEST = 0 (no testing) 
KTEST = 1 (Testing) 
Required only if NSTOP -- KTEST 
= 1  
READ (5,*) X, Y 
These are coordinates at which the 
simulation is discretely sampled A 
maximum of 20 locations, 1 record 
per location 
X = Y = 0 is the last record 

EXAMPLES 

These examples are intended to demonstrate the 
utlhty of COSIM for the simulation of spatial core- 
gtonahzatmn Also documented, m a rough manner, 
is the CPU efficiency of COSIM Lastly, the Hermman 
transformation is compared to that using a hnear al- 
gorithm 

Stmulatton of spattal coregmnahzatlon 
For this demonstration, two random functions were 

noncondItlonally simulated, then conditioned using 
coknglng A linear transformation was used for each 
RF, moreover, a zero nugget effect was assumed Of 
further note, each RF was sampled fully 

Figure 2 presents the results for the noncondmonal 
simulation of the first RF Figures 3 and 4 supplement 
this first figure by showing the vanogram and histo- 
grams for each stage of the simulation Figures 5-7 
present the same informatmn for the second RF 

Of utmost importance to this d~scussion, F~gures 8- 
11 present the results for coconditlonmg of these two 
RFs Figure 8 is the output yielded by subroutine PRT3 
and tabulates the varlograms, cross-vanograms, and 
condmoning RFs, whereas Figures 10 and 11 supple- 
ment Figure 9 by showing vanograms and histograms 
of the final conditioned s~mulations 

Figure 12 documents the cross-correlation achieved 
through condmoning For the two simulated RFs pre- 
sented, a zero nugget was assumed This figure shows 
the cross-vanogram results obtained by adding the two 
nonconditioned RFs presented in Figures 2 and 5, then 
compares this to the cross-varlogram obtmned through 
cocondiUonmg The actual cross-vanogram model had 
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a stll of  I 1 3 and that obtmned through cocondmonmg 
~s s~mllar The cross-vanogram obtmned without con- 
d m o m n g  has a lower variance m companson.  

CPU executton time for COSIM 
In brief, Table 1 summarizes the execution t ime for 

COSIM m various apphcaUons This table xs intended 
to give only a rough idea of  the etfioency of  COSIM 
These CPU t~mes are relauve to an IBM 4331 corn- 
putaUonal system operating m batch mode (not CMS 
foreground mode) 

An alternate transformatton 
Program COSIM contains two alternatives for the 

transformaUon of  the mmal  noncondmonal  s~mula- 
taon The examples given were developed using a hnear 
transformaUon As an alternaUve, an H e r m m a n  trans- 
formation can be applaed Thns type oftransforrnataon 
is useful f fa  &stnbutaon other than Gaussmn is desired 

To demonstrate  the H e r m m a n  transformation, F~g- 
ures 13 and 14 compare the hnear transformation re- 
sults to those obtained through H e r m m a n  transfor- 
mat ion These are not  condmoned  Furthermore,  F~g- 
ure 15 compares the staUstacal attributes of  each type 
of  transformation Table 2 hsts the coefficients of  the 
Hermnte polynomml expansmn for each RF 
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Program hstmg 

C . . . . . . .  PROGRAM COSIM 
C 
C PROGRAM COSIM : 
C 
C 
C PROGRAM AUTHOR= 
C 
C 
C 
C 
C 
C PRUGRAM LANGUAGE= 
C STORAGE : 
C VERSION : 
C 
C GENERAL INFORMATION; 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C PROGRAM LIMIIATIONS: 
C 
C 
C 
C 
C 
C 
C 
C 
C 

APPENDIX 1 

CC-CONDITIONAL SIMULATION OF SPATIAL 
COREGIONALIZAIION° 

OR, JAMES RUSSELL CARR 
DEPARTMENT OF GEOLGGICAL ENGINEERING 
UNIVERSITY OF MISSOURI 
ROLLAw MISSCURI)  U . S t A .  6 5 4 0 I  
TELEPHONE: [ J 1 4 )  J 6 1 - 4 8 6 7  

~ORTRAN IV IIBN 6 3 3 [ I  
30  K 

JUNEy 1 9 8 4  

PROGRAM COSIM PROVIDES THE FOLLOWING 
CAPABILITIES= 

L. NON-CONDITIONAL SIMULAII~N OF N 
VARIABLES IN = I IC 5 1 ,  

2. A PRINT OF NON-CONDITIONAL RESULTS 
3. VARIOGRAM CF NON-CONDITIONAL RESULTS 
4. HISTOGRAMS OF RANDOM NUMBERS AND OF 

NON-CONDITIONAL SIMULATIONS 
5. TRANSFORMATICN OF NON- 

CONDITICNAL SIMULATIONS 
6. A PRINT OF TRANSFORMATION RESULTS 

ALONG WITH HISTOGRAMS AND VARIOGRA~S 
1. CONDITIONING THROUGH CO-KRIGING 
8. HISTOGRAMS AND VARIOGRAMS OF 

CONDITIONING RESULTS 
9. A PRINT OF CONDITIONING RESULTS 

TO. COMPUTATION OF CROSS-VARIOGRAMS OF 
COREGIONALIZATIONS. 

IT .  A PRINT OF SIMULATED VALUES AT TEST 
LOCATIONS ( 20 LOCATIfiNS MAX. I 

~ SPHERICAL SPATIAL LAW ONLY 
LINEAR OR HERMITIAN TRANSFORMATION 

3 .  EAST-WEST VARIOGRAM ONLY 
4 .  10 BIN HISTOGRAM COMPUTATION 
5 .  65 X 65 S INULATIONt  MAXIMUM 
6 .  16 B I T  MINIMUM MACHINE CAPABIL ITY  

SUPPORTING DOUBLE PRECISION USAGE 
T. 1D-STEP D I V I S I O N  PRINT CODE 

COSO0010 
COSO002O 
COS00030 
CQSO0040 
COS00050 
COSOO060 
COSO007O 
COSOO08O 
COSOO090 
COSO0]00 
COSOOLIO 
COSOOL~O 
COSOOlJO 
COSOOlAO 
COSOOISO 
COS00160 
COSOOITO 
COSOO18O 
COS00190 
COSOO20O 
COSOO~lO 
COS002~0 
COS00230 
COSO0~40 
COSOOZSO 
COSOO260 
COSO0~/o 
COSOOZBO 
COS00290 
COSO0~O0 
CoSOOJIO 
COSOO3ZO 
COS00~30 
COSOOJ40 
COSOO350 
COSOO}60 
COSOOJ70 
COSO03BO 
COS00390 
CO300~OO 
COSOO410 
COS00420 
COSOO430 
COSOO440 
COS00450 
COSOO460 
COS00470 
COSOO480 
COSO0490 
COS09~OO 



FORTRAN IV program ~rcocon&Uon~ mmulatmn 

C FOR PRINTER PICTURE OF SIMULATION 
C RESULTS 
C 8,  FOR CONDITIONINGt THE FOLLOWING 
C L IST  GIVES MAXIMUM ALLOWANCES FOR 
C THE NUMBER OF CONDITIONING DATA: 
C 
C NU. OF VARIABLES NO. OF DATA 
C 
C ~ 99 
C ~9 
C 3 32 

C 5 
C 
C 9 .  A MAXIMUM CF 5 VARIABLES CAN BE 
C S I M U L A T E D  UNDER CURRENT D I M E N S I O N I N G  
C 1 0 .  A MAXIMUM OF 20 TEST LOCATIONS CAN 
C BE SPECIFIED 
C 

C GUIDE TO DATA INPUT 

C 
C DATA ACQUISITION IS CARRIED OUT IN SUBROUTINE IN IT  
C 
C RECORD 1. (FREE FORMAT). NUMBER OF VARIABLES. 
C 
C READ ( 5 ~ * )  MVAR 
C MVAR = NO. OF VARIABLES ( 1 - 5 )  
C IF  MVAR = 1~ COSIM IS A STANDARD 
C CONDITIONAL SIMULATION PROGRAN 

C RECORD 2. (FREE FORMAT). GRID DIMENSIONS 
C 
C READ ( 5 ~ * )  NROW~NCOL,XDIN~YDIM 
C NROW = NO. OF ROWS IN SIMULATION MODEL 
C NCOL = NO. OF COLS IN SIMULATION MODEL 
C XDIM = INCREMENT IN X BETWEEN COLUMNS 
C YDIM = INCREMENT IN Y BETWEEN ROWS 
C 
C RECORD 3 .  (FREE FORMAT). GEOGRAPHIC REGISTRATION. 
C 
C READ ( 5 t * 1  YMAXtXMIN 
C YMAX = Y-COORDINATE OF UPPER LEFT CGRNER 
C OF SIMULATION MODEL 
C XMIN = X-COORDINATE OF THIS CORNER 
C 
C RECORD ~ .  (FREE FORMAT). BEGINNING RANDOM NUMBER SEED. 
C 
C R E A D ( 5 , * )  RSEED 
C RSEED = BEGINNING RANDOM NUMBER SEED. 
C ANY ODD NUMBER IN THE RANGE: 
C I TO 2 1 4 7 4 8 3 6 4 7  
C 
C RECORD(S) 5. (FREE FORMAT). MODEL TRANSFORMATION AND ETC. 
C 
C R E A D ( 5 , * )  ITRANS 
C ITRANS = O - - -  LINEAR TRANS, 
C = Z - - -  HERMITIAN TRANS. 
C IF ITRANS = O= 
C DO IO I = I,MVAR 
C READ ( 5 ~ * )  LVARIII,LMEAN(1)~RANG(II~CNUG(1) 
C 10 CONTINUE 
C L V A R I I I  = DESIRED VARIANCE OF VARIABLE I 
C LMEANII)= DESIRED MEAN Of VARIABLE I 
C RANG(I)  = DESIRED RANGE OF SPATIAL LAW 
C CNUGi I )  = DESIRED NUGGET EFFECT 
C 
C IF ITRANS = 1: 
C DO 15 1 = I~MVAR 
C READ(5~*)  ( C O E F ( J K ~ I I ~ J K  = I ~ I O I , R A N G | I )  
C 15 CONTINdE 
C COEF= I0 COEF, OF HERMITIAN TRANS, 
C RANb = RANGE CF SPATIAL STRUCTURE 
C 
C RECORD b.  (FREE FORMAT). CONDITIONING OPTION. 
C 
C READ (5 t= I  NSTOP 
C NSTOP = 0 )  NON-CONDITIONAL SIMULATION 
C I I  CONDITIONAL SIMULATION 
C 
C RECORD(SI 7. (FREE FORMAT). REQUIRED ONLY IF NSTOP = I .  
C VARIOGRAM PARAMETERS, 
C 
C DO 10 I = I~MVAR 
C REAO(5~* I  C O I I I ~ C ( I I ~ R A N G E I I I ~ A N I S I I I ~ R A T I O I I )  
C 10 CONTINUE 
C C O ( I )  = NUGGET OF VARIOGRAM FOR VAR. I 
C C ( I )  = S I L L  OF VARIOGRAM FOR VARIABLE I 
C R A N G E I I )  = RANGE OF VARIOGRAM FOR VARIABLE I 
C A N I S ( I )  = ANGLE OF SPATIAL ANISOTROPY 
C RATIO(1)  = RANGEeLONG / RANGE~ SHORT 
C ISOTROPY= ANIS = O; RATIO = 1.  
C 
C RECORD(ST 8. IFREE FORMAT). REQUIRED IF MVAR .GT.  I AND 
C NSTOP = 1 .  
C CROSS - VARIOGRAM PARAMETERS. 
C 

DoNN ~oMyAR= *leNNIMVAR - 1 ) )  / 2 
READ iSe* I  CCO(I)~CC(I)~CRANGEIII~CANISIII~CRATIOIII 

C lO CONTINUE 
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C0500510 
COSO05ZO 
COS00530 
COS00540 
COSOO550 
COSOO560 
COS00570 
COSOOSBO 
COS00590 
COS00600 
COS00610 
COS006ZO 
COS00630 
COSOO640 
COS00650 
COS00660 
COS006TO 
COS00680 
COS00690 
COS00700 
COSOO710 
COSOO7ZO 
COS00730 
COSO0740 
COS00750 
COS00760 
COS00770 
COS00780 
COS00790 
COS00800 
COS00810 
COS00820 
COS00830 
COS00840 
COS00850 
COS00860 
COS00870 
COS00880 
COS00890 
COS00900 
COS00910 
COS00920 
COS00930 
COSOO940 
COS00950 
COSOO960 
COS00970 
COS00980 
COS00990 
COSOL000 
COS01010 
C0501020 
COS01030 
COS01040 
COS01050 
COSO1060 
COSOI070 
COSOI080 
COSOl09O 
COSOllO0 
COSOI [ IO 
COSOl I20 
COS01[30 
COSOI140 
COSOIISO 
COS01160 
COSOII7O 
COSOII80 
COS01190 
COS01200 
COSO|2iO 
COS01Z2O 
COS01230 
COSOIZBO 
C0501250 
COS0i260 
C0S0~270 
COS01Z80 
COS01290 
COSOl~OO 
COS01310 
COS01320 
COSOL~30 
COSO1J40 
COS01350 
COSOL~60 
COS01J70 
COS01380 
C 0 S 0 | 3 9 0  
COS01400 
COSOIAIO 
COSO~ZO 
COS014J0 
COSOt~40 
COSO1450 
COS01~60 
COS0[470 
COS01~80 
COS01~90 
COSOIS00 
COS01510 
COS01520 
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C CCO( I )  = NUGGET OF CROSS-VARIOGRAM, I 
C C e l l )  = SILL OF CROSS-VARIOGRAM, I 
C CRANGE(1) RANGE OF CROSS-VARIOGRAM, I 
C C A N I S I I )  = ANGLE OF &NISOTROPY 
C C R A T I O I I )  = RANGE~ LONG / RANGE. SHORT 
C ISOTROPY: CANIS=O; CRATIO=I. 
C 
C RECORD 9.  (FREE FORM&If. REQUIRED ONLY IF NSTOP = l .  
C 
C R E A D ( 5 , * )  IKRIG 
C IKRIG = O) ALL VARIABLES FULLY SAMPLED 
C IKRIG = 1)  SOME VARIABLES UNDERSAMPLED 
C 
C RECORD(S) IO. |FREE FORMATI. REQUIRED ONLY IF NSTOP = I. 
C CONDITIONING DATA 
C 
C ( GO TO LOOP ) 
C READ ( 5 , * )  D I , D 2 , { D A T ( J K I ,  JK = I .MVAR) 
C DI  = Y-COORDINATE OF CONDITIONING PT.  
C D2 = X-COORDINATE OF CONDITIONING PT. 
C THEN, l TO MVAR DATA VALUES 
C LAST RECORD: O .O,O.O,MVAR*O.O 
C 
C RECORD I I .  (FREE FORMAT). REQUIRED ONLY IF NSTOP = I .  
C 
C READ 1 5 , * )  KTEST 
C KTEST = O) NC TESTING 
C 1)  TESTING 
C 
C RECORD(S) 12. (FREE FORMAT). REQUIRED IF NSTOP AND KTEST = 1. 
C TEST LOCATIONS 
C 
C ( GO TO LOOP) 

READ ( 5 , * )  TX,TY 
(TX,TYI=COORDINAIES OF TESI LOCATION 

C TX=TY=O.O STOPS ACQUISITION 
C 

C END OF DATA INPUT GUIDE 
C * ~ * ~ * * * * * * ~ * ~ * * * * * * * * * * * * * * * * * * * ~ * ~ * * * * ~ * * * * ~ * * * * * ~ * * * * * *  
C 
C 
C 

C.o.  

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

/ S I M /  R F ( 6 5 ~ 5 = 6 )  
/OVEC/  I C O S ( ~ , 1 5 )  
/ O A T 2 /  X I I O O I , Y ( I O O I , D A T ( I O O , 5 )  
/FORM/ A I I O O , I O O )  
IVAR/  C O ( S ) , C ( 5 ) , R A N G E ( 5 ) , A N I S ( S ) , R A T I O ( 5 )  
/CVAR/  C C O ( I O ) . C C ( I O ) , C R A N G E ( I O I , C A N I S I I O I , C R A T I O I I O )  
/GRID/ NROWeNCOLtXDI~,YDIM,YMAX~XMIN 
/MOOELIRSEED,RANG(5),CNUG(5) 
/HERM/ COEFIIO,5I 
/OPT/ NSTOP,KTEST,IKRIGtITRANS 
IHIST/  BIN(IO) 
/TEST/ T X ( 2 O I , T Y ( 2 O )  
/ L T R A N / L V A R ( 5 I , L M E A N ( 5 )  

COMMON /PARM/  MVAR 
DIMENSION B U F I 5 0 O I , R D O M ( 5 0 0 )  
REAL ICOS,LVAR,LMEAN 
INTEGER BIN 
DOUBLE PRECISION RSEEO, BSEED 

C . . . . . . .  DEFINE THE 15 VECTORS OF THE ICOS(~HEDRON FOR SIMULATION 
C.e. 

CALL VECT 
Ce.e 
C . . . . . . .  PROGRAM INITIALIZATION 

CALL INIT(KOUNT,KASILE) 
Ceoo 
C . . . . . . .  COMPUTE NGMAX: (JUURNEL AND HUIJBREGTS, 1978, P. 540|.  
C..o 

BSEED = RSEED 
IC = NROW * NROW 
IO = NCOL * NCOL 
XE = FLOAT(IC + IO) 
NGMAX = SQRI(XE) ÷ 5 

CAet 
C . . . . . . .  PROGRAM COSIM PRESENTLY YIELDS A SPHERICAL SPATIAL MODEL. 
Ce.. 

DO 3000 IVAR = I,MVAR 
REWIND 1 

4 
C. . I  
Coeoee.,l 
C..e 

5 
Ce.e 

NR = IF IX(  RANG(IV&R) I ( 2.0 * XDIM )) 
KD = 2 * NR ÷ I 
XNR = FLOAT(NR) 
C9 = SQRT|36.OIIXNR * (XNR~I.O) • ( 2 , O * X N R ~ I . O I I )  
NMORE = NGMAX • KD 
RMIN = 13057.00 
RMAX = -7305?.00 
00 4 1 = 1~10 
B I N ( I |  = O 
CONTINUE 

COMPUTE 15 * NMORE RANDOM MEASURES. 

RMEAN = O.O 
DO tOO IV = 1,15 
~0 5 I = 1 , 5 0 0  
RDOMII) = 0 . 0  
BUF(1) = 0.0 
CONTINUE 

COSOt530 
COSOt560 
COSOt550 
COSOI560 
COSOI570 
COSOlSBO 
COSO1590 
COSOI600 
COSO~610 
COS01620 
COS01630 
COSOI660 
CQS01650 
C0501660 
COS0~670 
COS01680 
COS01690 
COSOlTOO 
C0S01710 
COS01720 
COS0t730  
COSO 740 
COSOLT50 
COSO~760 
COS01770 
COS01780 
COSOITgO 
COS01800 
COSO18tO 
COSOI8ZO 
COS018JO 
COSOI8~O 
COS01850 
COSOIB6O 
COSOt870 
COSOtBBO 
COS0~890 
COS01900 
COSO[91O cosotg o 
COSO 9 O 
COSOI940 
COSOL950 
COS01960 
COS01970 
COS01980 
COSOI9gO 
COSO20OO 
COSO201O 
COSO2O2O 
COS02O30 
COSO2040 
COSO~05O 
COSO~06O 
COS02070 
COSO~08O 
COSOZ09O 
COSO2IOO 
COSO~XtO 
COS0212O 
COSO2t3O 
COSOZ~AO 
COSOZ]50 
COSOZIBO 
COSOZ170 
COSOZ180 
COSO2[9O 
COSO2200 
COS02210 
COS02220 
COSOZ~3O 
COSOZ2~O 
COS02250 
COSO~6O 
COSOZZ70 
COS02280 
COS02290 
COSOZ~OO 
COSO~JIO 
COS02320 
COSO~}3O 
COS0~3~0 
COS02350 
COSO~6O 
COS02JTO 
COS02380 
COSO23gO 
COS02400 
COSOZ~IO 
COSOZ~O 
COSO~AJO 
COSO24~O 
COSOZ450 
COSOZ460 
COSOZ~70 
COSO~480 
COS02490 
COS02500 
COSOZSIO 
COS02520 
COS02530 
COS02540 



F O R T R A N  IV program for cocondmonal  s~mulat~on 

C . . . . . . .  COMPUTE NMORE RANDOM VARIABLES PER VECTOR. RANDOM NUMBER 
C . . . . . . .  GENERATION IS PROVIOED BY FUNCTION DRAND. IHIS FUNCTION 
C . . . . . . .  RETURNS RANDOM NUMBERS IN THE RANGE 0 TO I .  IN CONDITIONAL 
~ . . . .  SIMULATION~ AN INITIAL DISTRIBUTION IS NEEDED HAVING A MEAN 

. . . .  OF ZERO. DRAND RETURNS VALUES HAVING A MEAN OF 0 .5 ;  HENCE, 
C . . . . . . .  TO OBTAIN A MEAN OF ZERO, 0.5 IS SIMPLY SUBIRACIED FROM IHE 
C . . . . . . .  VALUE, ORAND. 

00 10 I = I,NMORE 
R O U M I I )  - - DRANDiRSEED) - 0 . 5 0  
IFIRDOM(1)oGT.RMAX) RMAX = RDOMII| 
IF(RDOM(II.LT.RMIN) RMIN = ROOM(If 
RMEAN = RMEAN • ROOM(1) 

tO CONTINUE 
XMN = - 0 . 5 0  
XMAX = 0.50 
oo 18 I = 
DO d = 
XOLD = FLOAI(J - 1)*O.[O • XMN 
XNEW = FLOATiJ) , 0 . 1 0  + XMN 
IF(RDOM(I).GEoXOLO.AND.ROOM(II.LT.XNEW) BEN(J) = BIN(J)  + 1 

30 CONTINUE 

C . . . . . . .  COMPUIE NGMAX CORRELATED RANDOM VARIABLES FOR EACH OF THE 
C ....... 15 VECTORS. 
Ce.. 

DO 40 J = 
KN = 
M = 
00 ~ 0  I 
M 
DIFF 
B U F ( J )  
CONTINUE 
W R I T E I 1 )  
CONTINUE 

1, NGMAX 
J + KD 
O 

= J,KN 
= M + I 
= M -  NR - I 
= BUF(J) + (DIFF * ROOM(1) * C9I 

40 
(BUF(JK),JK = I,NGMAX) 

TO0 
W R I T E I 6 t I 2 0 )  

120 FORMATIIHI,T3Ov~IIISIOGRAM OF RANDOM N U M B E R S ' , / I I  
CALL HGRAMIRMIN t RMAX) 

C . o .  
C . . . . . . .  USING THE CORRELATED ONE DIMENSIONAL RANDOM VARIABLES 
C . . . . . . .  STORED ON UNIT I ,  FORM THE 3-D SIMULATION. (JOURNEL 
{. . . . . . . .  AND HUIJBREGTS~ 1978, P. 4991. 
C. .e  

XSEGIN = - F L O A T ( (  NCOL ÷ ~1~ // ~ I  
YBEGIN FLOAT(( NROW • 
NVERT = I 
DO ~50 I = ~,NROW 
DO 150 J = 1 , NCOL 
R F ( I t J , I V A R )  = 0 . 0  

I50 CONTINUE 
REWIND 1 
SQL5 = ( l . O  I S Q R T ( 1 5 . O ) )  
LOCMIN = 7 3 0 5 7  
LOCMAX = - 7 3 0 5 7  
DO 200  IRF = It15 
R E A D ( I )  ( a U F I J K I , J K  = I,NGMAX) 
DO ]190 M = ~,NVERT 
00 90 I = ,NROW 
DO Ig0 J = I.NCOL 
XNOW = XBEGIN + FLOATiJ) 
YNOW = YBEGIN - FLOAT(I l 
ZNOW = I .O 
DUMI = ICOS(I~IRF)*XNOW ÷ ICOS(2,1RFI*YNOW ÷ 

l ICOS(3,IRFI*ZNOW + 0.5 
LOC = DUMII2.0 + NGMAX/2 
IFILOC.GT.LOCMAX) LOCMAX = LOC 
IF(LOC.LT.LOCMIN) LOCMIN = LOC 
IF(LCC.LE.O) GO TO 190 
R F I I t J , I V A R )  = R F I I t J , I V A R )  + BUF(LCC) * SOl5 

190 CONTINUE 
200 CONTINUE 

WRITE(6,2IO} LDCMIN~LOCMAX 
210  FORMAT(I,T5,'LOCATION INDEX RANGE = ' v l 1 0 , '  TO ' , l l O t l l l  

RMEAN = RMEAN / FLOATIIS*NMORE) 
CALL PRT|.(NGMAX,NRtKDtCgIBSEEDpRMEAN~IVAR) 
CALL PRT"(IVAR) 
CALL VARG(XMEAN,VAR, IVAR) 
CALL TRANS (XMEAN, VAR, IVAR) 
CALL P R T 2 ( I V A R )  
CALL VARG(XMEAN,VAR, IVAR) 

C I . e  
C . . . . . . .  RETURN FOR OTHER VARIABLES 
Cee. 
3 0 0 0  CONTINUE 
C~.e 
C . . . . . . .  CONDITION THE MODEL IF DESIRED. 
(.,.. • 

IF(NSIOP.EQ.Ol GO TO 3350 
CALL COKR IG(KOUNI,DET | 
IF(DET.EQ.O.O) GO T0 5000  

Ce.o 
C . . . . . . .  PRINT MODEL AND STATISTICAL ASPECTS. 
C . . e  

CALl., PRT3(KOUNT) 
O0 J l O 0  1 = [ ,MVAR 
CALL PRT2( 11 
CALL VAI~G(XMEANpVAR,I) 

3100 CONTINUE 
I F ( K T E S T . G T . O )  CALL PTEST(KASTLE|  

C.~e  
C . . . . . . .  CHECK CROSS-CORRELATION RESULTS. 
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COS0~550 
COS0~560 
COS02570 
COS02580 
COS0~590 
COS02600 
COSO2610 
COSOZ6ZO 
C O S 0 2 6 3 0  
COS02640 
COS02650 
COS02660 
COS0~670 
COS0Z680 
COS02690 
COSOZ700 
COS02710 
COS02120 
COS02730 
COS02740 
COS02750 
COS02760 
COSO~770 
COS02780 
C O S 0 ~ 7 9 0  
COSOZ800 
C O S 0 2 8 t 0  
COS02820 
COS02830 
COS02840 
COS02850 
COS02860 
COS0~870 
COS02880 
COS0~890 
COSOZ9OO 
COSO29IO 
COSO~9~O 
COSO~gJo 
COS029~0 
C 0 5 0 ~ 9 5 0  
C O S 0 2 9 6 0  
C O S 0 2 9 7 0  
C 0 5 0 2 9 8 0  
COS02990 
COS03000 
COSO30tO 
COS03020 
COS03030 
COS03040 
COSO~050 
COSOJO60 
COS03070 
COS03080 
COS03090 
COSO3100 
COSO~ l lO  
COS03120 
COSOJI30 
COSO~I~O 
COSOJ150 
COS03L6O 
COSO~lTO 
COSOJ]8O 
COS03190 
COSO}ZO0 
COSOJ210 
COS03220 
C O S 0 } 2 3 0  
COSOJ2~O 
COS03250 
COS03260 
COS03270 
COS03280 
COS03290 
COS03300 
COS03310 
COS03320 
C O S 0 ~ 3 0  
COSOJJ40 
COS03350 
C O S 0 } } 6 0  
COSOJJ70 
COS03380 
COSO~3go 
COSOJ~OO 
COSO34IO 
COS0~420 
COSOJ4JO 
COS03~40 
COS0~450 
COS0J460 
COS03470 
COSO}~80 
COSOJ~9O 
COS03500 
COSO~5~O 
COSOJSZO 
COS03530 
COS0~540 
COS03550 
COS03560 
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C . . e  

3 1 5 0  

3 3 0 0  
3350 
C e e .  
C e e . e e e .  
C . . .  

3 4 0 0  
3 5 0 0  
4 5 0 0  

5000 

CO'Q 
C . . . . . ' "  
C . . . . . . .  
C . . ' ' ' ' "  
C ' ' "  

lO0 

O0 } } 0 0  I = I , M V A R  
DO JJUO J ItNVAR 
I F I J . L E . I !  ~0 TO 3300 
DO }~50 K = [,NROW 
DO ~150 L = ntNCOL 
R F I K , L , 6 )  = R F I K , L , I |  + R F | K t L , J ;  
CONTINUE 
CALL VARG(XMEAN,VAR,6) 
CONTINUE 
CONTINUE 

AS A FINAL CHECK, PRINT VECTORS OF ICOSOHEDRON. 

WRITE16,3500| 
00 3400 I = i 3 
WRI IE16 ,4500 ) I I ~OSI I t JK I t JK  = I,15| 
CONTINUE 
FORMAT(IHI~T30,'CHECK ON 15 V E C T O R S ' , / / t  
FORMATIT3,15F5.2I 
CALL PROP/ 
CONTINUE 
STOP 
END 

SUBROUTINE ~FORM{KOUNT| 
COMMON /OAT2/ XI IOO) ,Y I IOOI ,DATi IO0~5|  
COMMON /PARM/ MVAR 
COMMON /VAR I COIS;,CISI~RANGEiSI~ANISISI~RATIO(fi| 
COMMON /CVAR/ CCUilO)~CCilOI,CRANGEiIO|tCANISilO}~CRATIOilO| 
COMMON /FORM/ AiLOO,IO0| 
COMMON /OPT/ NSTOP,KTEST,IKRIGmITRANS 

THIS SUBROUTINE FORMS THE INTERSAMPLE COVARIANCEICROSS- 
COVARIANCE MATRIX~ A, FOR ALL DATA TO WHICH THE NON- 
CONDITIONAL SIMULATION IS TO BE CONDITIONED. 

00 1000 IT = [,KOUNT 
00 750 JJ : 1,KOUNT 
KP~S = 0 
DO 500 KK = I,MVAR 
KIOT = | IT  - 1| * MVAR ÷ KK 
LTOT = (JJ - 11 * MVAR ÷ KK 
DO 500 LL = ItMVAR 
NTOT = ( J J  - I )  * MVAR + LL 
MTOI = ( I I -  I |  * MVAR ÷ LL 
DIFX = X i I I }  - XiJJ }  
DIFY Y | I I )  - Y I JJ I  
I F i L L . N E . K K ~  GO TO 100 
DISTAN = $QRTIIDIFX * COSIANIS{LL)| + DIFY * SIN(ANIS 

I L L ) | ) * * 2  + (RATIOILL| * [DIFY * COS(ANIS(LLII 
- OIFX * S I N i A N I S ( L L | | I ) * * 2 I  
LL 

= COVARIDISTAN,19| ~KTOTDNTOT; 
GO TO 500 
CONTINUE 
IF(LL.LT.KK}  
KPOS = 
OISTAN = 

GO TO 500 
KPOS ¢ I 
SQRTIIDIFX * COSICANISIKPOS}; ¢ D I F ¥  * SIN 

1 ICANISiKPO$I) I * *2  + ICRATIO|KPOSJ * |DIFY * 
2 COS(CANISIKPOS))  - DIFX * SINICANIS|KPOSII I )  

~ 2 )  
18 = KK 
19 = LL 
A[KTOT,NTOT| = CROSSIDISTAN,KPOS,IB,I9) 
AIMTOTeLTOT| AiKTOT,NTOT| 

500 CONTINUE 
150 CUNTINUE 
C.Q. 
C . . . . . . .  LAST MATRIX IN EACH ROa OF MATRIX, A, IS A UNIT MATRIX. 
Coee 

00 900 MM = I,MVAR 
IA = I l l  - 1 |  * MVAR + NM 
00 900 NN = I,MVAR 
KM - - KOUNT * MVAR * NN 
IFiMM.EQ.NN; A i IA,KMI  = 1.0 
IFiMM.NE.NN| a i IA tKM|  = 0 . 0  

O0 CONTINUE 
~000 CONTINUE 

C . . . . . . .  FORM LAST ROW OF A: A ROW OF UNIT AND NULL MATRICES. 
C i o l  

DO 1200 LM = I,KOUNT 
DO 1200 MM = IrMVAR 
IA = KOUNT * MVAR ÷ MN 
DO 1200 NN = I tMVAR 
NTOT (LM - I |  * MVAR + NN 
IFiMM.EQ.NN; A|IAfNTOT) = 1 . 0  
IFIMM.NE.NN| A(IAtNTOT| = 0.0 

L 2 0 0  CONTINUE 

C . . . . . . .  LAST MATRIX IN THIS ROW IS NULL 
Cee. 

DO 1400 NM = I,NVAR 
IA = KOUNT e MVAR + MM 
DO 1400 NN = I.MVAR 
IB = KOUNT * MVAR ÷ NN 
A ( I A t I B |  = 0 . 0  

I 400  CONTINUE 
C. I .  
C . . . . . . .  ACCOUNT FOR UNDERSAMPLED RANDOM FUNCTIONS IF DESIRED. 

C050~570 
C0503580 
C0503590 
COSO}6QO 
COS03610 
C0503620 
C0503630 
C0503640 
C0503650 
C0503660 
C0503670 
C0503680 
C0503690 
COSO~70O 
COSOJTIO 
COS03720 
COS03730 
C050J740 
COS03750 
COS0~760 
COSOJT70 
C0503780 
COS0}790 
COSOJBO0 
COSO3BIO 
COS03820 
C0503830 
COS03040 
COS0~850 
C050J860 
COS03870 
COS0~880 
COSOJBgo 
COS03900 
COSO~9LO 
COSOJDZO 
C0503930 
COS03940 
COS03950 
COS03960 
C0503970 
C 0 5 0 } 9 8 0  
C050J990 
COS04000 
COSO40LO 
COS040zO 
COS04030 
COS04040 
COSO~OSO 
C0504060 
C0506070 
C0504080 
C0504090 
COSO4LOO 
COSO411O 
COS04120 
C0504~30 
COS041¢0 
COS04[50 
C0504160 
C0504170 
C0504180 
C 0 5 0 4 1 9 0  
COS04200 
C0504210 
COS042~0 
C 0 5 0 4 2 J 0  
COS04240 
C0504250 
C0506260 
C050~270 
C 0 5 0 ~ 8 0  
C 0 5 0 4 2 9 0  
COS04300 
COS04}10 
COS06J20 
COS0~330 
C050~340 
C0504350 
COS04360 
COS04370 
COS04380 
COS06390 
C050~600 
COS04410 
COS06~0 
C0504~30 
COS04440 
C050~450 
C0504460 
C0504610 
C050~480 
C0504490 
C05045~0 
C050~5 0 
COS0~520 
C0504530 
C0506540 
COS04550 
COS04560 
C O S 0 4 5 1 0  
COS04580 
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C . . .  
I F I I K R I G . E Q . I |  CALL UNSAMIKOUNT| 
RETURN 
END 

SUBROUTINE COKRIGIKOUNT,DET) 
COMMON ISIML R F ( 6 5 , 6 5 , 6 1  
COMMON / D A T 2 /  XI IOOI ,Y i lOOI~DAI I IOOt5 )  
COMMON /PARM/ MVAR 
COMMON /OP I /  NSTOP,KTEST~IKRIGtITRANS 
~OMMON /GRID/ NROwfNCOLtXDIM,YDIM,YMAX,XMIN 
COMMON /FORM/ AIIOO,IOOI 
CUMMON /VAR/ CO(5|,C(5|tBANGE(5).ANISIS|pRATIO(5| 
COMMON /CVAR/ CCO(IO).CC(IO|.CRANGE|IO|,CANIS(IO|,CRATIO(IO| 
OIMENSION XMEAS(IOO,5).WEIGHT|IOOtS|.S|MU(IOO.SI 
DIMENSION TEMP|5,5).TEMPI|5,5},TEMP2|5,5),EST(5,2) 

C. el 

C . . . . .  THIS SUBROUTINE CONTROLS THE CUNDITIONINGt USING COKRIGING, 
C. ~ " OF THE NON-CONDITIONAL SIMULATIOk TC THE SAMPLE DATA. 
C,I iem.e 
C . . . . . . .  STEP I .  FIND SIMULATED VALUES |SIMU) CLOSEST 
C . . . . . . .  TO THE ACTUAL DATA LOCATIONS. 
Ceee 

YBEGIN = YMAX ÷ 0.5 * YDIM 
XBEGIN = XMIN - 0.5 * XDIM 
DO IO I = I,KOUNT 
IROW = |YBEGIN - YK I | )  I YDIM 
JCOL -- IX (1 )  - XBEGINI / XDIM 
IF(IROW.LE.O| IROW = I 
[F(IROW.GT.NROW| IROW = NROW 
I F i J C O L . L E . O |  JCOL = ! 
I F ( J C O L . G T . N C O L |  JCOL = NCOL 
00 I 0  J = I,MVAR 
S I M U ( I , J |  = R F I I R O W , J C O L t J |  

10 CONTINUE 
C.e.  
C . . . . . . .  STEP 2 .  FORM THE INTERSAMPLE COVARIANCE/CROSS-COVARIANCE 
C . . . . . . .  MATRIX, A. 
C.e. 

CALL AFORM(KOUNTI 
Ce.e 
C . . . . . . .  STEP 3.  INVERT THE NATRIX~ A. 
C . . .  

NN KOUNT ÷ 1 
CALL EQSOLV;NN,DET| 
IF(DEI.EQ.O.O) WRITE(6,30| 

30 FORMAT(/~'A-MATRIX IS SINGULAR', / / !  
IF(DET.EQ.O.O) RETURN 

C.~. 
C . . . . . . .  STEP 4. USING A-INV, CONDITION IHE MODEL. 
CQ~m 

DO IOOO I I  = L,NROW 
YCORD = YBEGIN - FLOAT(IT| * YDIM 
DO IO00 JJ = I,NCOL 
XCORD = XBEGIN + FLOATIJJ) * XDIM 

C~ee 
C . . . . . . .  STEP 4A. FORM THE MEASUREMENT VECIOR FOR LOCATION ( I I , J J )  
C,~e 

DO 500 KK = L,KOUNT 
DIFX = X IKK)  - XCORO 
DIFY = Y(KK)  - YCURD 
IF( IKRIG.EQ.O! GO TO 50 
IF(DIFX.EQ.O.O.AND.DIFY.EQ.O.OI DIFX = 0.20 

50 
= 0 
= I,MVAR 
= ( K K  - 1 )  * MVAR + I 
= I,MVAR 

iKK - 1) * MVAR * J 
GO TO 100 
SQRT(iDIFX • COS(ANISiJ||  ÷ DIFY • SINIAN|S 
( J ) ) l * * 2  + (RATIOIJI* IDIFY*COS(ANIS(J) )  - 
DIFX * S I N i A N I S L J I I I I e * 2 |  
J 

COVARIDISTAN~I91 

tOO 

CONTINUE 
KPOS 
DO 200 I 
KZ 
DO 20U J 
KW = 
IF(JoNE. I )  
DISTAN = 

19 = 
XMEAS,  6J| = 
GO TO 
CONT INUE 
I F ( J e L T . I I  
KPCS = 
DISTAN = 

! 

I 8  = 
I 9  = 
x.eAstKz: , : 
XMEASIKW ) 
CONTINUE 
CONTINUE 

GO TO 2QO 
KPOS ÷ 1 
SQRTI(DIFX * COS|CANISiKPOSII * DIFV * SIN 
| C A N I S I K P O S | | | * * 2  ÷ (CRATIO(KPOS) * IO IFY  * 
COSICANIS IKPOSI )  - DIFX * S I N I C A N I S I K P O S I | ) !  
* * 2 1  
I 
J 

CROSS(DISTAN~KPOS,18~Ig) 
XMEASIRZ,J) 

2 0 0  
500  
Ceeo 
C . . . . . . .  LAST MATRIX IS A UNIT MATRIX 
C o . .  

DO 600 I = I,MVAR 
KZ = ~OUNT * MVAR * I 
DO 600 J = I,MVAR 
I F I I . E Q . J )  XMEASIKZ,J) = L.O 
I F ( I . N E . J )  XMEASIKZ,J) = O.O 

600 CONTINUE 
Cee. 
C . . . . . . .  MODIFY THIS VECTOR FOR UNDERSAMPLING IF DESIRED. 
Coo. 

695 

C 0 5 0 4 5 9 0  
C O S 0 4 6 0 0  
C O S 0 4 6 I O  
COS04620 
COSO~6SO 
C O S 0 ~ 6 4 0  
COS04650 
COS04660 
COS0~670 
COS04680 
C O S 0 4 6 9 0  
COSO~TOO 
COSO4710 
COS0~720 
COS04730 
COS04740 
COSO4TSO 
COS04760 
COS04770 
COSO~TSO 
COS04790 
C0504800 
COSO4810 
COS048z0 
COS04830 
C0504840 
COS04850 
COS0~860 
COS06870 
COS0~880 
COS04890 
COSO~900 
COS0~910 
COS06920 
COS04930 
COS049~0 
COS0~950 
COS04960 
COS0~970 
COS0~980 
COS04990 
COS05000 
COSO50LO 
COS05020 
COS05030 
COS05040 
COS05050 
COS05060 
COS05070 
COS05080 
COS05~90 
COS05 OO 
COS0511O 
CoSOSIZO 
COSO51JO 
COS05140 
COSOS|50 
COS05160 
COS051TO 
CQS05~80 
COS05 90 
COS05200 
COSOSZLO 
COS05220 
COS05230 
COS052~0 
COSO5250 
COS05260 
C0505270  
COS05280 
COS05290 
COS05300 
COS05~LO 
COS05J2O 
COS05330 
C O S 0 5 ~ 0  
COSOSJSO 
COS05360 
COS05~70 
COSOSJ80 
COS05390 
COS05400 
C0S05410 
COS05420 
COS05430 
COS05~O 
C O S 0 5 4 5 0  
COS05~60 
COS05470 
COS05~80 
COS05490 
COS05500 
COS05510 
COSO552O 
COS05530 
COS05S4O 
COS05550 
COS05560 
COS05570 
COS05580 
COS05590 
COS05600 
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I F I I K R I G . E Q o l l  CALL 
Coee 
C . . . . . . .  STEP 4B. FORM THE WEIGHTING 
Ceet 

DO 650  I = ~ .NN 
DO 650  J = l t M V A R  
KZ = I I  - I I  * MVAR + J 
DO 650  K I~MVAR 
WEIGHTIKZyK; = O.O 

6 5 0  CONTINUE 
DO 800 I = LyNN 
DO 800 J = I ,NN 
00 700 K = I,MVAR 
KZ = I l l -  I * MVAR + K 
KT = [J - [ I  * MVAR ÷ K 
00 700 L = I tMVAR 
KW = | J  - [ b  * M V A R  ÷ L 
T E M P ( K t L }  = A|KZ~KW) 
T E M P I I K ~ L }  XMEASIKT~L I 

700 CONTINUE 

UNVECKXMEAStKOUNT! 

VECTOR FOR LOCATION i Z I , J J I .  

CALL MATMULITE~PtTEMPItTEMP2,MVAR~MVARtMVAR} 
DO 800 K = I~MVAR 
KZ = iT - I |  * MVAR ÷ K 
DO 800 L = [tMVAR 
WEIGHIIKZmL} = WEIGHTIKZtL) + TEMP2IK,LI 

800  CONTINUE 
Ceoo 
C . . . . . . .  STEP 4C. USING IHE WEIGHTING VECTOR, COMPUTE KRIGED ESI.  
Coeo 

00 810 I = I,MVAR 
E S T I I , 1 I  = O.O 
E S T I I , 2 }  = 0 . 0  

810 CONTINUE 
DU 900 I = I~KOUNT 
00 900 J = I,MVAR 
DO 900 K • O~IMVA~} * MVAR ÷ K KZ = 
IF( IKRIG.EQ.OI  GO TO 890 
IF (DATI I tK } .EQ.O.OI  S IMUi I IK)  = 0.0 

890 CONTINUE 
EST(J t I )  = EST(J , I )  ÷ DAT(I K} * NEIGHI(KZIJ) 
ES I ( J , 2 )  = EST(J,2) ÷ SIMU(| ,K} * WEIGHT(KZ,J} 

90O CONTINUE 
Coeo 
C . . . . . . .  STEP 4D. CONDITION THE MODEL: RF = RF - SIM.EST ÷ DAT.ESI. 
Coee 

DO 950 I = 1.MVAR 
R F I I I , J J , I I  = R F I I I , J J , I |  - E S I | I t Z I  + E S T i I , I }  

50 CONTINUE 
~ 0 0 0  CONTINUE 

RETURN 
END 

FUNCTION COVARIOISTtK) 
COMMON /VARI COI5I ,C(5} ,RANGEI51,ANISIS}tRATIO(5} 

Lee. 
C . . . . . . . T H I S  FUNCTION EVALUATES THE MODEL COVARIANCE ASSOCIATED 
C . . . . . . .  WITH THE SEPARATION DISIANCE, O IS I .  
Ceeo 

IFIDISToGE.RANGEIKI} GO TO L20 
B = C I K I  - C O / K i  
OUMI = CO(K} ÷ B=IL.5*DISTIRANGE(K) - 0 . 5 * I D I S I I  

I R A N G E I K } ) ~ * 3 I  
IF(OIST.EQ.O.OI OUMI ~ O 
COVAR = C i K |  - ; U n l  
RETURN 

120 CONTINUE 
COVAR = 0.0 
RETURN 
END 

C . . .  
C . . . . . . .  
C . . . . . . .  
C . . .  

120 

400 

FUNC TI GN CROSSID|  S T , K , I A ,  ~8}  
COMMON ICVARI CCOIIOItCC( } e C R A N G E I I O l e C A N I S ( I O I e C R A T I O ( I O I  

THIS FUNCTION EVALUATES THE CROSS-COVARIANCE VALUE 
CORRESPONDING TO THE DISTANCEt  D I S T .  

I F I D I S T . G E . C R A N G E I K } }  GO TO [ 2 0  
B = C C I K }  - CCOIK) 
DUMI = CCOIK} ÷ B * I I . S * O I S T / C R A N G E I K |  
IFiOIST.EQ.O.O~ OuMIO'5*IOIST/CRANGEIKI}**3}= 0 . 0  
DUM2 = CCIK) - DUMI 
GO TO 4 0 0  
CONTINUE 
OUM2 = O.O 
CONTINUE 
OUM3 = COVARiOIST~IA| 
OUM4 = COVAR(DISTtIB} 
CR~SS = 0.5 * (DUM2 - OUM3 - OUM4| 
RETURN 
ENU 

C 
C 

FUNCTION D R A N U I I X }  
Ceee 
C . . . . . . .  THIS  I S  A PORTABLE RANDOM NUMBER GENERATION 
C . . . . . . .  FUNCTION.  REFERENCE= 
Coaeooeo 
C . . . . . . .  S C H R A G E ~ L . t ' A  MORE PORTABLE FORTRAN RANDOM 

C O S 0 5 6 1 0  
C O S 0 5 6 ~ 0  
COS056JO 
COS05640 
COS05650  
COS05660 
COSOSbTO 
COS05680 
COS05690 
COS05700 
COS05/LO 
COS05720 
COS05730 
COS05740 
COS05750 
COS05760 
COS05770 
COSO57BO 
COS05790 
COS05800 
COSO5810 
COS05820 
COS05830 
COS05840 
COS05BSO 
COS05B60 
COS05B70 
COS05880 
COS05890 
COS059~0 
COS059 0 
COS05920 
COS05930 
COS05940 
COS05950 
COS05960 
COS0f i970 
COS05980 
COS05990 
COS060OO 
COS060IO 
COS060~O 
COS060JO 
COS06040 
COS06050 
COS06060 
COS060TO 
COS060BO 
COSO6090 
COS06IOO 
COS06LEO 
COS06120 
COS06130 
COS06140 
C O S 0 6 t 5 0  
COS06 60 
COS06LTO 
COS06L80 
C 0 S 0 6 1 9 0  
COS06200 
COS06~10 
COS06220 
COS06230 
COS06~40 
COS06Z50 
COS06260 
COS06270 
COS06280 
COS06290 
COS06300 
COS06310 
COS06320 
COS06330 
COS06340 
COS06350 
COS06360 
COS06310 
COS06380 
COS06390 
COS06400 
COS06410 
COS06420 
COS06430 
C O S 0 6 4 4 0  
COS06450 
COS06460 
COS06470 
COS06480 
COS06490 
C O S 0 6 5 0 0  
COS06510 
COS06520 
COS065JO 
COS06540 
COS06550 
COS06560 
COS06570 
C O S 0 6 5 8 0  
C O S 0 6 5 9 0  
COS06600 
COS06610 
COS06620 
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C . . . . . . .  NUMBER GENERATOR, m ACM TRANSACTIONS ON 
C . . . . . . .  MATHEMATICAL SOFTWAREt VOL.5, NO.2, JUNE, 1979. 
Co,Demos 
C . . . . . . .  IX = IX * A MOO P IS  THE RECURSION USED. 
CQQs 

DOUBLE PRECISION A,PfIX,BI5,BL6~XHItXALOtLEFTLOtFHI,K 
A = l b B O 7 . D O  
B I 5  = 3 2 7 6 8 , D 0  
B16 = 6 5 5 3 6 . 0 0  
P = 2 1 4 7 6 8 3 6 4 7 . 0 0  

Cooo 
C . . . . . . .  GET 15 HIGH ORDER BITS OF IX 
Ceee 

XHI = IX / B I 6  
XHI = XHI - DMOOIXHItI.DO) 

C. le 
C . . . . . . .  GET 16 LOW BITS OF IX AND FORM LOW PRODUCT 
Ceee 

XALD = ( I X  - XHI * B16)  * A 
Ceee 
C . . . . . . .  GET 15 HIGH ORDER BITS OF LOW PRODUCT 
C. .e  

LEFTLU = XALO / B I 6  
LEFTLO = LEFTLO - D M O D I L E F T L O , I o D O |  

C u e .  
C . . . . . . .  FORM THt  31 HIGHEST BITS OF FULL PRODUCT 
C.e~ 

FH! = XHi * A ÷ LCFTLO 
C . . .  
C . . . . . . .  GET OVERFLOW PAST 31ST BIT OF FULL PRODUCT 
C.ee 

K = FHI  / 815  
K = K -  O N O D ( K , I . D O )  

Cued 
C . . . . . .  .ASSEMBLE ALL TttE PARTS AND PRESUBTRACT P° THE PARENTHESES 
C . . . . . . .  ARE ESSENTIAL. 
Cued 

IX = I I IXALO - LEFTLO*BLB) - PI + IFHI - g*BlS) 
1 * B 1 6 1  ÷ K 

C . . e  
C . . . . . . .  ADD P BACK IF  NECESSARY 
Ceue 

IF I IX .LT .O.DO)  IX = IX ÷ P 
Co o. 
C . . . . . . .  MULTIPLY BY 11 / ( 2 . * 3 1  - l i l  
C . . .  

DRAND = I X  = 4 . 0 5 6 6 L 2 8 7 5 D - L O  
RETURN 
END 

C 
C 

SUBROUTINE E Q S O L V i N , D E I I  
Clod 
C . . . . . . .  THIS SUBROUTINE COMPUTES THE INVERSE OF THE INTERSAMPLE 
C . . . .  COVARIANCEICROSS-COVARIANCE MATRIX, A. THIS IS  A 
C .~ .~ . .MODIF IED VERSION OF SUBROUTINE, CHAPS, PRESENTED IN: 
C . . . . . . .  KUO, SHAN S. ,  "NUMERICAL METHODS AND COMPUTERS, n 
C . . . . . . .  ADDISON-WESLEY PUBLISHING, READING, MASSACHUSETTS, 
C . . . . . . .  USA~ L9b5t PP. L68-169. 
Ceeeee.o 
C . . . . . . .  A: COVARIANCE MATRIX AND / I S  INVERSE 
C . . . . . . .  N: ORDER (DIMENSION) OF A 
C . . . . . . .  DEI: DETERMINANT OF A 
Cee. 

COMMON /PARMI MVAR 
COMMON /FORM/ A( IO0, IO0)  
COMMON /OPT/ NSTOPtKTESTtIKRIG,ITRANS 
DIMENSION IPIVOT(LOOI, INDEXi IOO,2I ,PIVOT([O0,5)  
DIMENSION T E M P I S , S I ~ T E M P I ( S I 5 I ~ T E M P Z I 5 , S )  

Cooe 
C . . . . . . .  IN IT IALIZE THE INVERSION OF A.  
COle 

DET = 1 . 0  
DO I0 J = I , N  
IPIVOTIJ)  = O 

10 CONTINUE 
O0 1350 I = I~N 

Ceoo 
C . . . . . . .  THE FOLLOWING STATEMENTS SEARCH FOR PIVOT ELEMENT, 
C o . °  

DO 90 d 
I F | I P I V O T I J ~  - 1 5 , 9 0 t 1 5  

15 DO 80 K I 
I F | I P I V O T I K ;  - I~ 40,80,8100 

40 CONTINUE 
DO 50 JJ = ItMVAR 
JL = I j - 1 )  • MVAR + J J  
DO 50 KK = 19MVAR 
JM = (K - I )  * MVAR + KK 
T E M P ( J J , K K I  = A(JL,JMI 

50 CONTINUE 
IF( IKRIG.EQ.O.OR. I .EQ.L !  GO TO 59 
I F I J  - K) BO~55,OO 

55 IROW = J 
[COL = K 
GO TO 80 

59 CONTINUE 
= IRACE(TEMP) 

~ F ( A B S I T |  - ABSLW)|  0 0 , 8 0 , 8 0  
60 IROW = J 

ICUL = K 
T = W 
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C 0 5 0 6 6 3 0  
C 0 5 0 6 6 4 0  
COS06650 
COS06660 
COS06670 
CQS06680 
C O S 0 6 6 9 0  
COSO6700  
COS06710 
C O S 0 6 7 2 0  
CDS06730  
COS06760 
COS06750 
COS06760 
COS06T70 
COS06780 
COS06790 
COSO68QO 
COS06810 
COS06820 
COS06830 
COS068~O 
COS06850 
C O S 0 6 8 6 0  
COS06870 
COS06880 
COS06890 
COS06900 
COS06910 
COS06920 
COS06930 
COS06940 
COS06950 
COS06960 
COS06970 
COS06980 
COS06990 
COS070OO 
COSO7010 
COS07020 
COS070JO 
COS07060 
COSOIO50 
COS07060 
COS07070 
COSOTOBO 
CQS0709O 
COS07IO0 
COS07IIO 
COS071~8 
COS07L 
COS07160 
C O S 0 7 | 5 0  
COSO7]BO 
C Q S O l l 7 O  
COS0718O 
COS07190 
COS07200 
COS01210 
COS07220 
COS07230 
COS07~40 
COS07~50 
COS07260 
COS07Z70 
COS01Z8O 
COSOT290 
COS07}~O 
COS07J 0 
COSOT320 
C O S 0 7 3 3 0  
COS07~60 
COSO/J5O 
COS07360 
COS01370 
COS07380 
COS07390 
COSU7400 
COSOT~IO 
COS07420 
COS07430 
COS01660 
COS07650 
COS07660 
COS07470 
COS07680 
COS07490 
COS07500 
COS07510 
COSO75ZO 
COS075J0 
COS07560 
COS07550 
CQS07560 
COS07570 
COS07580 
COS07590 
COS07600 
COS07610 
COS07620 
COS07630 
COSO7660 
COSO/650 
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80 CONT INUE 
90 CONT INUE 

I P I V O T ( I C O L )  = i P I V O T ( I C O L )  4. I 
Cee. 
C . . . . . . .  THE FOLLOWING STATEMENTS PUT THE PIVOT ELEMENT ON DIAGONAL.  
CeDe 

I F ( I R O W -  ICOLI  1 0 0 t 1 5 0 , 1 0 0  
[ 0 0  DET = -OET 

D o  L = 
DO L I  = tMVAR 
LL = ( ( R O W  - [ I  * M V A R  + L I  
D o  1 2 o  L J  = l.MV,  
LM = I L l -  ) 11= M V A R  4. LJ  
T E M P I L I ~ L J I  = A ( L L , L M |  

120 CONTINUE 
00 ]sO L I  = 1,MVAR 
LK = ( I R O W  - I I  * M V A R  4- L l  
LL = ( ICGL  - 1} • MVAR + L I  
DO 130 LJ = 1 ,MVAR 
LM = ( L  - I |  ~ M V A R  + LJ 
A (LKoLM|  = A I L L p L M )  
A ( L L , L M )  = T E M P ( L I , L J )  

130 CONT INUE 
L50 CONTINUE 

I N D E X ( I t L )  = IROW 
I N D E X ( I t 2 )  = ICOL 
DO 160 L l  = I tMVAR 
I P = ( [  - 1 )  * M V A K  + L I 
I A  = ( I C O L  - 11  * M V A R  + L I  
DO 160 LJ = [,MVAR 
IB -- (ICOL - [ |  * MVAR + LJ 
P IVOT( IP ,LJ I  = A ( I A . I B I  
TEMP(LI~LJ I = PIVOT( IP,LJ I 

160  CONT (NUE 
W = TRACE(TEMP I 
DET = DET • W 

C.m. 
C . . . . . . .  THE FOLLOWING STATEMENTS DIVIDE PIVOT ROW BY PIVOT ELEMENI. 
Cte.  

DO 170 L( = I,MVAR 
[A = (ICOL - 1) * MVAR 4. L I  
DO 170 LJ = I,MVAR 
IB - (ICOL - I )  ~ MVAR ¢ LJ 
I F I L I . E Q . L J )  A ( I A , I B I  = - .O  
I F ( L I . N E . L J |  A ( IA ,  IB I  = 0 .0  

170 CONTINUE 
DO ZOO L = l t N  
O0 180 L l  = Z,MVAR 
IP = ( I  - I I  ~ MVAR ÷ L I  
IA = (ICOL - l )  * MVAR 4. LI 
DO 180 LJ = L,MVAR 
TEIBMP(LI,LJ| = =(L -AIIA,IBIII * MVAR + LJ 
T E M P t i L I , L J I  = P I V O T ( I P t L J  i 

180 CONTINUE 
CALL SCALG(TEMPIeTEMP,IEMP2) 
DO 20U I I  = I,MVAR 
IA = (ICOL - I (  * MVAR 4. L( 
DO 200 LJ = 1,MVAR 
IB = ( l  - I )  4. MVAR + LJ 
A ( I A t I B )  = TEMP2 I L l  ,L J) 

200 CONT INUE 
C . . .  
C . . . . . .  .REDUCE THE NON PIVOT ROWS. 
C.ee 

Do ,350 L( = I .N  
I F ( L I -  ICOL I  21 0,1350,210 

210 CON][INUE 
DO Z~'O LJ = ItMVAR 
IA = ( L I  - I I  * MVAR + LJ 
DO 220 LM = ItMVAR 

- 1I * MVAR 4. LM 
I B M P ( L J , L M )  = = ( ICO~IA,  I B i  
A ( I A o I B )  0 . 0  

220 CONTINUE 
O0 260 L = I , N  
O0 230 LJ = I,MVAR 
IA = (ICOL - 1) w= MVAR + LJ 
DO 230 LM = ItMVAR 
IB ( L  - 1) * MVAR 4. LM 
TEMP l ( t J  ~LM; = A I I A t I B )  

230 CONT INUE 
CALL MATMUL(TEMP,TEMPI,TEMP2tMVAR,MVARI. MVAR) 
DO 240 LJ = I~MVAR 
IA = I L l -  I I  • MVAR ¢ L J  
DO 260 LM = ImMVAR 
I8  = ( L  - 1 |  ,1= M V A R  + LM 
A i l A , I B }  = A ( I A t I B I  - T E M P Z i L J , L M I  

260 CONTINUE 
13 50 CONTINUE 
CoQ,m 
C . . . . . . .  THE FOLLOWING STATEMENTS INTERCHANGE COLUMNS. 
C . = .  

DO 3000  I = 1,N 
L - - N- I + I 
I F ( I N O E X ( L , I I  - I N D E X ( L t 2 ) i  2 0 0 0 t 3 0 0 0 r 2 0 0 0  

2000 JROM I N D E X ( L , 1 |  
JCOL = I N D E X ( L , 2 I  
DO ~500  K = L~N 
O0 24.00 K I  1 tMVAR 
IA = |K - I I  11= MVAR + KI 
DO 2400  KJ = 1,MVAR 
IB = (JROW - 1 )  * M V A R  + KJ 

COS07660 
COSOT6TO 
COS07680 
C0507690 
COSO1/O0 
COSOT710 
COS077ZO 
COSOT730 
C~SOT7~O 
COS07750 
COS07760 
COS07710 
COS07780 
COS07790 
COSOT8QO 
COSOT810 
COS07820 
COS07830 
COS078~0 
COS07850 
COS07860 
COS07870 
COSOTB80 
COSOTBqO 
COS07900 
COSO?91O 
COS07920 
COS07930 
COS07940 
COS07950 
COS01960 
COS07970 
COS07980 
COS07990 
COS08000 
COS080IO 
COS08020 
COSO80JO 
COS080~0 
COS08050 
COS08060 
COSO 80 70 
COSOBO8O 
COS08090 
COS0810O 
COS08110 
COS08120 
COS08130 
COS08140 
COSO815O 
COS08160 
COS08170 
COS08180 
COS08190 
COS08200 
COS08210 
COS08220 
COS08230 
COS08240 
COS08250 
COS08~60 
COS08270 
COS08280 
COS08290 
COS08JO0 
COS08310 
COS08320 
C0508330 
COS08340 
COS08350 
COS08~60 
COS08J7O 
COS08380 
COS08390 
C0508400 
COS084L0 
COS08420 
COS08630 
COS084~O 
CDS08450 
COS08460 
COS08470 
COS08480 
COS08490 
COS08500 
COS08510 
COSO85Z0 
COS08530 
COS085~0 
COS08550 
COS08560 
COS08570 
COS08580 
COS08590 
COS086QO 
COS08610 
COS08620 
COS08630 
COS08640 
COS08650 
COS08660 
COS08670 
COS08680 
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IC = 
T E M P ( K I , K J )  
A( I A ,  IB) 
A I IA~ IC)  

2 4 0 0  CONTINUE 
~ 500 CONT INUE 
000 CONT INUE 

BlO0 RETURN 
END 

C 
C 

IJCUL - I I  * MVAR + KJ 
= A I I A t I B )  
= A i lA~ IC)  
= TEMP(KI,KJ) 

SUBROUTINE HGRAM(XMIN,XMAX! 
COMMON IHISTI BIN( IO)  
CHARACTER*L FREQ(5O) 
DIMENSION IOBS(IO),CEL(IO),CUMLILO) 
INTEGER BIN, BMAX 
REAL INCtINT,CELtCUML 

Coo. 
C . . . . . . .  THIS SUBROUTINE PLOTS A HISTOGRAM. 
Co °e 

DO 4 I = 
ISUM = + B I N I I )  

4 CONTINUE 
DO 5 I = 1~I0 
IOBS(1) = BIN(II 
DUMI = FLOATIBINI I ) )  
OUM2 = FLOAT(ISUM) 
CEL(1) = DUM/ / DUM2 
CUML(I) = 0 . 0  
OU 5 J = I , I  
C U M L ( I I  = C U M L I I )  ÷ C E L I J |  

5 CONTINUE 
DO 10 I = 1,50 
F R E Q ( I I  = o,o 

lO CONT I NUE 
BMA~ = - 13Q57 
DO 15 I = 1 . / O  
I F I B I N I I )  .GT. 8MAX) BMAX = B I N ( I )  

15 CONTINUE 
DO 16 I = 1,10 
B I N I I I  = B | N I I I  * 501flMAX 

Io CONTINUE 
INC = (XMAX - XMIN)/IO.O 
BEGIN = XMIN - INC 
WRITE(6tlT) 

17 FORMATIIItT5,'OBS',3Xp°REL°,2XI°CUML°,3X~tLOW°,/) 
DO 20 1 = l t l O  
INT = BEGIN ÷ FLOAT(1) * INC 
J = BIN(1) 
WRITEI6t30) IOBSI I I ,CEL| I IwCAJMLI I ) , INT, (FREQIJK) tJK = I t J )  

20 CONTINUE 
WRITE(6,25) ISUM 

25 FORMATII~T2,Ib) 
30 F O R M A T ( T 2 t I 6 , 2 F b . 3 t F 6 .  I p 2 X t t ÷ ' , I X , 5 O A I )  

RETURN 
ENO 

C 
C 

SUBROUTINE INIT(KOUNI.KASILEI 
COMMON / G R I D /  NROW,NCOLoXDIM~YDIM,Y~AXpXMIN 
COMMON /MODEL/RSEED,RANGIS I ,CNUG(5 )  
COMMON /HERMI COEF([0,5) 
COMMON /OPT/ NSTOPtKTESToIKRIG,ITRANS 
COMMON /TEST/ TXI20) ,TYI20)  
COMMON / V A R /  C O I S ) , C ( 5 ) o R A N G E I S I t A N I S I S I e R A T I O I 5 )  
COMMCN /CVAR/  C C O ( L O ) I C C ( I O I , C R A N G E ( I O I g C A N I S ( L O ) , C R A T [ O ( [ O )  
COMMON /DATZ/ X ( L O O ) , Y ( I O O I ~ D A T I I O O e 5 )  
COMMON ILTRANILVARI5),LMEAN(5) 
COMMON IPARM/ MVAR 
DIMENSION DUM(5) 
REAL LVARtLMEAN 
DOUBLE PRECISION RSEED 

Ceee 
C . . . . . . .  THIS SUBROUTINE ACCESSES USER SUPPLIED DATA. 
C o o .  

KOUNI = 0 
NSTOP = 0 
KTEST = 0 
KASTLE = 0 

Ceee 
C . . . . . . .  1. INPUT NUMBER OF RANDOM FUNCTIONS IO BE SIMULATED. 
Coo. 

READ(St*) MVAR 
Ceeo 
C . . . . . . .  INPUT INITIAL CONSTANTS 
C . . .  
C . . . . . . .  2. ESTABLISH GRID DIMENSIONS 
CoDe 

READI5t*) NROw,NCOL~XDIN,YDIM 
Gee. 
C . . . . . . .  3. ESTABLISH GRID GEOGRAPHIC REGISTRAIION 
Ceem 

R E A D ( S , * )  YMAX,XMIN 
Ceeo 
C . . . . . . .  6 .  ESTABLISH SIMULATION SPATIAL PARAMETERS 
Ceoo 

READ(5,*) RSEED 
CeDe 
C . . . . . . .  5. ESTABLISH MODEL TRANSFORMATION 
Coco 

R E A D I S t * )  ITR~NS 
IFIITRANS.EQ.1) GO TO 15 
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COSOBbgo 
COS08700 
COS08TIO 
COS08720 
COS08730 
COS08740 
COS08T50 
COS08760 
COS08770 
COS08780 
COS08790 
COS08800 
COSOB810 
COSO88ZO 
COS08830 
COS08840 
COS08850 
COS08860 
COS08870 
COSO88BO 
COS08890 
COSO8900 
COSO89LO 
COS08920 
COS089J0 
COS08940 
COS08950 
COS08960 
COS08970 
COSO8g80 
COS08990 
COS09000 
COSOqOIO 
COSO9OZO 
COS09030 
COS09040 
COS09050 
C0509060 
COS09070 
COS09080 
COS09090 
COS09LO0 
COS091LO 
COS09L20 
COS09L30 
COS09140 
COS09150 
COS09~60 
COS091T0 
COS09180 
COS09190 
C o s o q z 0 0  
COSO9210 
C 0 5 0 9 ~ 0  
COS09ZJO 
COS0924U 
COS09250 
COSOqZ6O 
C o s o g z / o  
COS09280 
COS09Z9O 
COS09JO0 
COS09310 
COSO9}ZO 
COS09JJO 
COS093~0 
COSOq~50 
COS09J60 
COS09370 
COS09380 
COS09390 
COS09600 
COSOqALO 
COS09420 
COS09430 
COS09440 
COS09450 
COS09460 
COS09670 
COS09480 
COS09690 
COS09500 
COS09510 
COS09520 
COS09530 
C0509560 
COS09550 
COS09560 
COS09570 
COS09580 
COS09590 
COS096Q0 
COS09610 
COS09620 
COS09630 
COS09660 
COS09650  
CO S09660  
COS09670 
COS09680 
COS09690 
COSO9100 
COS09710 
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10 

15 

O0 IO I = I,MVAR 
R E A D I 5 t ~ )  LVARilItLMEANII}tRANGIIItCNUGII| 
CONTINUE 
GO TO 30 
CONTINUE 
O0 ~0 I = I.NVAR 
READ|5 ~ |  ICOEF IJK ,  I | ~  JK = I t l O | , R A N G ( I I  
CNUGII~ = 0 . 0  
CONTINUE 
CONTINUE 

o. INPUT CONDITIONING OPTION 

READIS~*I NSTOP 

20 
30 
C l e .  
C . . . . e q . o  
C . . .  

C . . .  
C . . . . . . .  7. INPUT VARIOGRAM AND CROSS VARIOGRAM PARAMETERS. 
C.e.  

IFINSTOP.EQ.OI GO IO 1000 
DO lOO I I t  MVAR 
READ(5 e C~I I } ,El I l wRANGE( [ l ,  A~IS| I }t RAT IO| I l 
ANIS(I I  * l  = ANISI I I  * 0 . 0 1 7 4 5 3 2 g  

I00 CONT INUE 
IF{MVAR.EQ.II GO TO 160 
N = IMVAR * IMVAR - I I }  / 2 
O0 150 I = I ,N 
REAUI5 I1J CCOI I ;,CCI I ) tCRANGE( I |  tGANIS I I I,CRATIOI I } 
CANIS( = CANIS(I| • O . O 1 7 4 5 J 2 q  

150 CONT INUE 
160 CONTINUE 

C . . . . . . .  B. INPUT CONDIIIONING DATA. 
C.e. 

READ( 5, '1  IKRIG 
20O CONTINUE 

REAO(5.~| DItD2tIOUM(JK),JK = IeMVAR) 
IFIDI.EQ.O.O,AND.O2.EQ,O.O} GO TC 500 
KOUNT = KOUNT ÷ 1 
X ( KOUNT } = D2 
Y( KQUN T) = OI 
DO 250 I = I jMVAR 
OATIKOUNTt I )  = DUM(I ) 

250 CONTINUE 
GO TO 200 

( , . o .  
C . . . . . . .  9. INPUT TEST LOCATIONS IF DESIRED. 
Co.. 
500 CONT INUE 

R E A D I S t * )  KTEST 
I F { K T E S T . E Q . O )  GO TO 1000 

600 CONT INUE 
REAO(5w* I DIED2 _ 
IFID1.EQ.O.O.ANU.DZoEQ.O. OI GO TO 1000 
KASTLE = KASTLE + I 
TXI KASTLE)= ~ 
TYIKASTLE|  = 
GO TO 600 

lO00 CONT INUE 
RETURN 
END 

C 
C 

SUBROUTINE MATML I [ A ~ B v C t  I t J w K |  
Cee l  
C . . . . . . .  THIS SUBROUTINE IS DESIGNED FOR THE MULTIPLICATION OF 
C . . . . . . .  TWO MATRICES~ A AND B. FORMULA: A X B = C. NOTE: 
C . . . . . . .  THE ORDER OF MULTIPLICATION SHOWN IS ESSENTIAL. 
Cee. 

DIMENSION A i 3 , 3 J | B I J , 3 I p C I 3 t 3 }  
O0 I0 LI  = I, 
DO I0 LJ = l,O 
C(L l tLd !  = 0 . 0  
DO I0 LK = I K 
C ( L l t L J )  = C I L I t L J }  + A ( L I , L K )  * B ( L K t L J )  

LO CONTINUE 
RETURN 
END 

C 
C 

SUBROUTINE NATMUL(AtBfC,J~KtL) 
DIMENSION A ( S t S | t B l § l S l t C ( 5 ~ 5 )  

C . . .  
C . . . . . . .  THIS SUBROUTINE PERFORMS A GENERAL MATRIX 
C . . . . . . .  MULTIPLICATION OF THE FGRM: C = A X B° 
C.e. 

DO I00 I = I,d 
DO I00 M = leL 
C( i ,  M) = O.O 
DO 100 N : 1 K 
C(I~M} = CII,M} + Al l ,N )  • BI~,MI 

I00 CUNT INUE 
RETURN 
END 

C 
C 

SUBROUTINE NUGGET{K! 
Ceee 
C . . . . . . .  THIS SUBROUTINE ADDS A NUGGET 
Cie. 

COMMON /MODEL/ RSEEO,RANG(SJ,CNUGIS) 
COMMON /SIN/  R F I 6 5 , 6 5 t 6 J  
COMMON / G R I D /  NROWtNCOLtXOIM~YDIMeYMAXtXNIN 
DOUBLE PRECISION RSEED 
OUM = CNUGIK| 

EFFECT TO THE MODEL. 

COS09720 
COS09730 
COS09740 
COS09750 
COS09760 
COS09770 
COS09780 
C O S 0 9 7 9 0  
C O S 0 9 8 0 0  
COS09810 
COSO98ZO 
COS09830 
COS09840 
COS09850 
COS09860 
COS09870 
COS09880 
COS09890 
COS09900 
C0509910  
COS099Z0 
COS09930 
COS09940 
COS09950 
COS09960 
COS09970 
COS09980 
COS09990 
COSLO000 
COSIO0]O 
COS10020 
COS10030 
COSIO040 
COSXO050 
COSIO060 
COSIO010 
COS10080 
COSIOO90 
COSlO~O0 
COSIO i lO  
COS10[20  
COS10 |30  
COS10140 
COSIOISO 
COSlOL60 
COS10170 
COSIOIBO 
COSIOIgO 
COS10200 
COS10210 
COS10220 
COS]OZJO 
COS10240 
COSIOZSO 
COSIOZ60 
COSXO2?O 
COSMOS80 
COS 10z90 
COS10300 
C O S l O } l O  
COSIOJ~O 
COS10330 
COSI0340 
C.,OSIO350 
C0510360 
COSt0370  
c o s l o } 8 o  
COSlOJ9O 
COSI0400 
COSI0410  
COS10420 
COS10430 
COSI04~O 
C0510450 
COS10460 
COSI04?O 
COSt0480 
COS 0490  
COSZ0500 
COSl05~O 
CUS]0520  
COS10530 
C05X0540 
COSIOS50 
COSI0560 
COSX0570 
COSI0580 
COSI0590 
COSI060O 
COSI0610 
COSI0620 
COS~0630 
COS10640 
COS10650 
CDS[0660  
COS10670 
COSL0680 
COSI0690 
COS10700 
COSI071O 
COSIO/20  
COS10730 
COS10740 
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90 
lO0 

C. . .  
C . . . . . . .  
C. . .  

50 
100 
150 
200 
25U 
300 
350 
400 
450 

CeDe 
C,,.oeeee 
Ceee 
Ceeooo,De 
Co el 

50 
t 

100 
I 

4 
5 
6 

C e e .  

2O0 
1 
2 
3 
# 
5 

Ceee  

C e . .  

3OO 
1 

3 
4 

STD = 
IF ( STU.EQ.O.O ! 
00 90 I = 

90 : 
R F ( I , J t K }  = 
CONT INUE 
CONTINUE 
RETURN 
END 

SQRTIDUMI 
GO TO lOO 
ltNROW 
1,NCOL 
(DRANO(RSEEO) 
R F ( I , J ~ K I  + W 

- O . 5 0 l  * S T D  * 5 . 0  

SUBROUTINE PROPT 
COMMON /OPT/  NSTOP,KTEST,IKRIG~ITRANS 

SUBROUTINE IO PRINT PROGRAM OPTIONS. 

WRITEI6t5O| 
IF(NSTOP.EQ.O| WRITE{6,1OO! 
IF(NSTCP.NE.O| WRITE(6tlSO) 
[ F I K T E S T . E Q . O |  WRITEIbt~OOl  
IF(KTEST.NE.O| WRITEI6 t2501  
IFIIKRIG.EQ.Ol WRITEI6,3OOI 
IF(IKRIG.NE.O| WRITE(bt350| 
IFiITRANS.EQ.O) WRITE(6tAOOI 
IF(ITRANS.NE.OI WRITE(6t450| 
FORMATIIUI,T30,'PROGRAM OPTIONS IN EFFECI : ' t l I |  
FORMAT[T~O,'NON-CONDITIONAL SIMULATION ONLY'eli 
FORMAI(T30,'SIMULATION WAS CONDITIONED',I| 
FORMAT[T30, 'NO TEST LOCATIONS D E S I R E D ' , / |  
FORMAT(T3Oe'TEST LOCATIONS WERE S P E C I F I E D ' I l l  
FORMAT[T3Ot 'ALL VARIABLES WERE FULLY SAMPLED ' t / )  
FORMAT{T30,'SOME VARIABLES WERE UNDER-SAMPLED' t / }  
FORMATITJOt'LINEAR TRANSFORMATION EFFECTED't/) 
FORMAT(T3Ot'HERMITIAN TRANSFORMATION E F F E C T E D ' t / )  
RETURN 
END 

SUBROUTINE PRTI[I,JtK~C,BSEED,RMEAN,IVAR| 
COMMON /GRID/ NROW~NCOL,XDIM,YOIM~¥MAXtXNIN 
COMMON /MODEL/ RSEEDtRANG|S| tCNUGI5 |  
DOUdLE PRECISION RSEED,BSEED 

SUBROUIINE TO PRINT INITIAL PROGRAM RESULTS AND CONSTANTS. 

I .  GRID DEFINITION. 

WRITE(6zSQI [VAR 
FORMATiIHItT~O,'***~* CO-SIMULATION PROGRAM * ~ * * * ' , I I ,  
T3Ot'RESULTS FOR VARIABLE ' t I [ O , l l |  
WRITEI6,IOOI_NROW,NCOL,XDIM,YDIMtYMAX,XMIN 
FORMAT(IHO,IJO,'CO-SIMULATION GRID DIMENSIONS',//, 
TZO,'NUMBER OF ROWS = ' , T 5 O t l l O t / t  
T~Ot'NUMBER OF COLUMNS = ' t T S O , l l O , I t  
TZO,'INCREMENT IN X = itT5O,FlO.3tlt 
TZO,'INCREMENT IN Y = tT50,FIO.3,1, 
T20,'MAXIMUM Y COORDINATE = ,TSO,FlO.3tl, 
TZO,'MINIMUM X COORDINATE t T 5 O t F l O . 3 , / / )  

2.  MODEL PARAMETERS 

WRITEI6,20O) BSEED, RSEEDtRMEAN,RANGIIVARI,CNUG(IVAR| 
t $ FQRMAT(IItT3Ot MODEL PARAMETERS t / I t  

TZO,'BEGINNING RANDOM SEED = ' , T S O t O Z O . 1 1 , / ,  
TZO,'FINAL RANDOM NUMBER SEED = ' , T S O . O 2 0 . l l , l t  
T~Ot'MEAN OF RANDOM NUMBERS = ' , T S O , F Z O . ~ t / t  
TZO,'RANGE OF SPATIAL STRUCTURE = ' , T 5 O t F ~ O . J , / ,  
T20, VARIANCE OF SPATIAL NOISE = ,T50,F20.3, / / |  

3. CONSTANTS COMPUTED BY PROGRAM 

WRITEI6,3OO| I,JtK2C 
FQRMATI//~T30,'INITIAL CONSTANTS',//t 
TZO,'NGMAX = i , TSO, I lO , l ,  
T 2 0 , t N R  = t T S O t l l O , / t  
T~O~'KD = .T50 , I IO , / ,  
TZO,'C = ' t T 5 O t F I O , 3 , 1 1 |  
RETURN 
END 

SUBROUTINE PRTZIIJK) 
DIMENSION BUF(IOO) 
COMMON ISIMI RFI65,65,6I 
COMMON /GRID/ NROWtNCOL,XDIM,YDIM,YMAXtXMIN 
COMMON IHISI I  BIN(lO) 
INTEGER BUF,BIN 

Ceee 
C . . . . . . .  THIS SUBROUTINE PRINTS A PICTURE OF THE 
C.o .  

DO S I = l , l O  
BIN(I} = O 

5 CONTINUE 
= NCOL 

~FINCOL.GT.7O| N = NCOL / 2 
C . . .  
C . . . . . . .  FIND THE MAXIMUM AND MINIMUM VALUES 
Cee. 

RFMIN = 1 3 0 5 7 . 0 0  
R F M A X  = - 3OST.OO 
DO t O  I = ~,NROW 
DO 10 J = I,NCOL 

SIMULATION RESULTS. 

OF THE SIMULATED RF. 
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COS10150 
COSIOT60 
COSIOT70 
COS[O1BO 
COS10790 
COS10800 
COSI08LO 
COSIOBZO 
COSIOBJO 
COS10860 
COSI0850 
COSLO860 
COSIOBTO 
COS10880 
COS10890 
COSI0900 
COSIO910 
COSI0920 
COS10930 
COSIO940 
COS~0950 
C0S10960 
COSIOqTO 
C0S~0980 
COS10990 
COSIIOOO 
COS| IOIO 
COS110ZO 
COSII03O 
COSIIO~O 
COSl1050 
COStl060 
COSt lO/O 
COSl1080 
COSI I090 
COSIIIO0 
COS11110 
COSIlIZO 
c°s tt 8 COS 
COSIII50 
C O S I L I 6 0  
COSl1170 
COSLI I80  
COSI|L9O 
COSl1200 
COSI121O 
COS/ lZZO 
COSIIZ30 
COSl1240 
COS11~50 
COS11ZbO 
COSLI270 
COS~l~80 
COS1~290 
COSII3OO 
costt}to 
COS11JzO 
COSl1330 
COSI13~0 
COSII350 
C0511360 
COSl l3TO 
COS11380 
COSII390 
costt~oo cost 4 o 
COS 4 0 
COSl1430 
COS~1440 
COSl1450 
COS11460 
COSIL470 
COS114BO 
COS11490 
COSLI5 O 
COSl15~0 
COSl1520 
COSL1530 
COSl1540 
COS11550 
COSI1560 
COSIISTO 
COS11580 
COSLtSeO 
COSlZbOO 
COSII61O 
costt to COS 6 O 
COSl1640 
COSIIbSO 
COS11660 
COSLI670 
COSII680 
COSI1690 
COSl1700 
COSllTlO costt  o 
COS 7Jo 
COSIITAO 
COS11750 
COS11760 
COSI1770 
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10 

20 

30 

50 
60 

g0 

iO0 

200 

210 
260  

280 

200 
300 
400 

3 
500 
C t e e  
C e e e e o o o  
C e e e  

600 
700 

L 
800 

~F(B.LT.RFM~N)RF(I'J'IJ~ ; R F M I N  = 
IF[B.GT.RFMAXI RFMAX = B 

CONTINUE 
DIFF = RFMAX - RFMIN 
RFINC = DIFF 1 10.0 
DO 20 I = I,NROW 

00 K = , 
XOLO = FLOAT(K - I)*RFINC + RFMIN 
XNEW - FLOAI(K) *RFINC + RFMIN 

R F ( I , J e l J K )  
~F(B.GE.XOLD.AND.B.LT.XNEW) BINIKI = BIN(K) + i 
CONTINUE 
WRITE(6,30) 
FORMAT(IHI,T30,'HIST&GRAM OF SIMULATIONt,//I 
CALL IIGRAM(RFMIN,RFMAXI 
WRITE(6,400) 
IF(N.NE.NCOL) GO TO 200 
DO I00 1 = I,NROW 
DO 90 J = 1,NCOL 
L = 0 
I F ( R F i I , J ,  IJKI.EQ.RFMIN) GO TO 60 
DO 50 K = I,I0 
L = K - l 
VAL2 = RFMIN • RFINC • FLOAf(KI 
VALt = RFMIN + RFINC * FLOATIL) 
~FIB.GT.VAL~. R F I I , J , I J K )  AND.B.LE.VAL2) GO TO 60 
CONTINUE 
CONTINUE 
BUF(JI = L 
CONTINUE 
WRITE(6~500) (BUFIJK),JK = 1 ,N |  
CONTINUE 
GO TO 300 
CONTINUE 
DO 290 I = [,NROW,2 
Jl = 0 
DO 2BO J = I eNCOL,2  
Jl = Jl + I 
L = 0 
IF (~( I ,J , IJKJ .EQ.RFMIN)  GO TO 260 
DO 210 K = I,I0 
L = K - I 
VAL~ = RFMIN ÷ RFINC • FLCAT(K)  
V A t 1  RFMIN ÷ RFINC • FLOATiL) 
B ~ R F I I , J , I J K I  
IF(B.GI.VALI.AND.B.LE.VAL2) GO TC 260 
CONTINUE 
CONTINUE 
B U E ( J I )  = L 
CONTINUE 
~RITE(6.500) ( B U F ( J K I , J K  = I , N I  
CONTINUE 
CONTINUE 
FORMAT(IHIeT30,'SIMULATION RESULTS',//, 
T~O,'IF NCOL.GT.70, THE FOLLOWING',/, 
T20, ' IS EVERY OTHER COLUMN BY EVERY'~/, 
T20,'OIHER ROW.' , / / )  
FORMAT(T3,/511) 

COMPUTE LEGEND 

W R I T E ( 6 , 7 0 0 )  
DO 600 I = 1 , 1 0  
J = I - I 
DUMI = RFMIN + RFINC * F L C A T ( J |  
OUMZ RFMIN + RFINC * FLOATJI) 
WRITEI6,8001 J ,DUMI ,DUM2 
CONIINU 
FORMATl~H1,I30,'LEGENO'./I~T22,'MAP V A L U E ' t / ,  
T37 , ' LOW RANGE',TSIt'HIGH R A N G E ' ~ / I  
FORMAT(T20,IIO,T35,EIO.2,TSO,EIO.2I 
RETURN 
END 

Ceee 
C ....... THIS SUBROUT 
CITe 

WRITE(6~200I 
10 CONTINUE 

IFIMVAR.EQ.I 
N 
WRITE(6,300~ 
OO 20 I = 
WRITE(6,200I 

~ CONTINUE 
CONTINUE 
WRITEI6,400I 
00 30 I = 

30 
TO0 

SUBROUTINE PRT3IKOUNT|  
COMMON / V A R /  C O { 5 ) , C ( 5 | t R A N G E ( 5 1 . A N I S i S I , R A T I O I 5 )  
COMMON / O A T 2 /  X ( I O O ) e Y ( I O O ) e D A T ( I O O e 5 )  
COMMON /CVAR/  C C O ( I O I t C C | I O I , C R A N G E ( I O I , C A N I S ( I O I , C R A T I O | / O )  
COMMON /PARM/ MVAR 

INE PRINTS INITIAL CONDITIONING INFORMATION. 

1 . M V A R  
I , C O ( I } , C ( I ) , R A N G E ( I } . A N I S ( I I , R A T I O ~ I )  

; GO TO 2 5  
( M V A R  * (MVAR - l ) )  / 2 

I,N 
I,CCO(1),CC(1),CRANGE(IIeCANIS(L),CRATIO(I) 

I ,KOUNT 
W R I T E ( 6 , 5 0 0 )  X ( I I B Y I I I , I D A T ( I , J K ) , J K  = I ,NVAR)  
CONTINUE 
F Q R M A T ( I H I e T 3 O t ' ~  CONDITIONING RESULTS * * * * ' , 1 1 ,  
TJO,'VARIOGRM4 P A R A M E I E R S I , / / ,  

COSLIT80 
COS11790 
C O S I I 8 0 0  
C O S I I 8 1 0  
COS11820 
COS11830 
COSl1840  
COSI1850  
COSl1860 
COS11870 
COS11880 
COSl1890 
COS11900 
COS1~910 
COS] 9zO 
C0SI1930 
COS|1940  
COSl1950 
C O S I I 9 6 0  
COSI [qTO 
COSl1980 
COS11990 
COSI~OQO 
COSlZO]O 
COS12020 
COS1~030 
COSIZ040 
COS12050 
COSIZ060 
COS12010 
COS12080 
COS12090 
COSL~IO0 
COS1ZIIO 
COS12120 
COS1~130 
COS1 140 
COSIZISO 
COS1~160 
COSIZITO 
COS12180 
C O S ~ 9 0  
COSIZZO0 
COS12210 
COS12220 
COS12230 
C O S l 2 2 4 0  
COS12250 
COS12260 
COSIZZTO 
COS12280 
COS12290 
COS12300 
COS12310 
COSl2320  
COSI2330 
COS[2340 
COSIZ~50 
COS12360 
COSIZ3TO 
COSIZ380 
COS]gJ90 
COS12400 
COSIZ410 
COSIZ4gO 
COS12430 
COSIZA~O 
COS12450 
COS12460 
COS1~470 
COS12480 
COS124g0 
COS12500 
COS12510 
COSl2520 
COS12530 
COSl~540 
COS12550 
COSl2560  
COSIZ570 
COS12580 
COS12590 cost . o 
COS 26 0 
COS12620 
C05~Z630 
COS 2640  
COS12650 
COS~Z660 
COS 2670 
COS12680 
COSt2690  
COS ZTO0 
COS12710 cos  , o 
COS 27 0 
COS[2740 
c o s l ~ 7 5 o  
COS12760 
COS12770 
COS12780 
COS12790 
COSI2BO0 



FORTRAN IV program for cocond~Uonal s~mulat~on 

2 T3,'VARIABLE',TLS,'NUGGET',T27,'SILL',T36,'RANGE',T67, 
200 3 ' A N I S ' t T ~ 6 , ' R A T I O m , I / I  

F O R M A T ( I I O t 5 F I O . J |  
300 FORMATI / /~T30, 'CROSS-CORRELATION P A R A M E T E R S ' t / / ,  

T T ' m P A I R m ' T I 5 ' m N U G G E T m ' T 2 7 ' t S I L L ~ t T 3 6 ~ R A N G E t ' T 6 7 ' ~ A N I S ° '  
T56,'RATI0' Ill 

400 FORMATI/I,T~O,'CONDITIONING O A T A ' , ~ / ,  
T T ' m E A S T ' ' T I 6 ~ m N O R T H m ' T 2 7 ' ~ V A R I m ' T 3 7 ' t V A R 2 m ' T 4 7 ' ' V A R 3 ~ '  
T57 ,  mVAR4 ' .T67 ,mVARSm, / |  

500 FORMAT(TFIO.3) 
RETURN 
END 

C 
C 

SUBROUTINE PTESTI~I 
COMMON /TEST/ TX(2OI,TY(20|  
COMMON /PARM/ MVAR 
COMMON ISIMI RFi65,65,bl 
COMMON /GRID/ NROW,NCOE~XDIM~YDIMtYMAX,XMIN 

C ....... SUBROUTINE PTEST PRINTS THE VALUES WITHIN THE SIMULATED 
C . . . . . . .  MODEL CLOSEST TO LOCATIONS: I l X e l Y } .  

WRITE(6,100) 
YBEGIN = YMAX + 0.5 * YDIM 
XBEGIN = XMIN - 0 .5 * XDIM 
00 IO I = I , K  
IROW = (YBEGIN - T Y I I ) |  I YOIM 
JCOL = i T X ( | |  - XBEGINI I XDIM 
IF(IROW.LE.O| IROW = I 
IF(IRUW.GT.NROW| IROW = NROW 
IF(JCOL.LE.O| JCCL = I 
IF(JCOL.GT.NCOL| JCOL = NCOL 
WRITEi6,2001 IROW,JCOLtTXI I ) ,TY( I | , IRFI IROW,JCOL,JK| ,  

1 JK = I ,MVAR|  
10 CONTINUE 
IO0 FORMAT(IHI,T3Ot~SIMULATEO VALUES AT TEST LOCATIONSt,I I t  

L 14~'ROWt,Tgt~COL~eTZO, eX~,T30tmYmtT37, tVARI',T67,mVAR2 ~' 
2 T S T , ' V A R 3 ' ~ T b T ~ = V A R 4 ~ , T 7 7 , ° V A R 5 ~ d |  

200 FORMAT(T3~214,TFIO.3) 
RETURN 
END 

SUBROUTINE SCALGIAeB,X| 
COMMON IPARMI MVAR 
DIMENSION A I 5 t S I ~ B K S , S I , X I 5 , S I t I E M P I 5 ~ I O )  

Ce.. 
C . . . . . . .  THIS SUBROUTINE PERFORMS THE NORMALIZATION BY THE 
C . . . . . . .  PIVOT TERM FOR GAUSS ELIMINATION MATRIX INVERSION. 
C..- 

MVAR2 = MVAR • 2 
DO [0 I = ~,MVAR 
DO 10 J = I~MVAR 
TEMPI I ,J I  = A I I , J )  

LO CONTINUE 
DO 20 I = I~MVAR 
DO 20 J = I,MVAR 
K = MVAR + J 
TEMP( I~K I  = B I I ~ J I  

20 CONTINUE 
DO 30 I = I,MV~R 
IP = I + 1 
DO 30 K = 1,MVAR 
I F i I - K }  2 6 , 3 0 . 2 6  

26 IF iTEMPII~I I .EQoO.O) GO TO 30 
F = ( - T E M P ( K ~ I ) )  / T E M P ( I , I I  
DO 27 L = IP,MVAR2 

27 TEMP(K~L| = TEMP(K~L) ÷ F ~ T E M P ( I , L )  
30 CONTINUE 

DO 40 I = ~tMVAR 
00 40 J = ItMVAR 

= MVAR ÷ J 
~F(TEMP( I , I I .EQ.O.O|  GO TO ~0 
X { l . J )  = TEMP(I,K) / TEMP(I , I }  

40 CONTINUE 
RETURN 
END 

C 
C 

FUNCTI CN TRACE{ A) 
COMMON /PARMI MVAR 
REAL A (5 ,5 |  

C ~  
C . . . . . . .  THIS FUNCTION COMPUTES THE TRACE OF SQUARE MATRIX, A. 
Cede 

TRACE = ~.0 
DO I 0  I = ,MVAR 
TRACE = TRACE + A ( I ,  I I  

LO CONT I NUE 
RETURN 
END 

C 
L. 

SUBROUTINE TRANSiXMEANtVAR,K) 
COMMON / S I M /  R F 1 6 5 , 6 5 , 6 )  
COMMON /LTRAN/ LVAR(S|~LMEAN(5~ 
COMMON /GRID/ NROWtNCOL,XDIM~YDIMvYMAX,XMIN 
COMMON /MODEL/ RSEEQ,RANGI5I tCNUGI5 |  
COMMON /HERM/ COEFIIO,5) 
COMMON /CPTI NSIOP,KTEST,IKRIG,ITRANS 
REAL LVARtLMEAN~C(L2) 
DOUBLE PRECISION RSEED 
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COSI28tO 
COS12820 
COS12830 
COSt28~O 
COS12850 
COS12860 
COS12870 
COSXZB80 
COS12890 
COSI2900 

9 O  c°sttgt o COS 
COS12930 
COS12960 
COSI2950 
COS12960 
COSI29TO 
COS12980 
COS129g0 
COS[3000 
COSZ30tO 
COSt3020 
COS13030 
COS130~0 
COS13050 
COS13060 
C O S L ~ 0 7 0  
COSlJ080 
COS13090 cosl l o 
COS J 0 
COSI3X20 
COSt }~30  
COSiJ140 
COSt3150 
COSL~I60 
COSlJ ]70  
COSI3180 
COS1~190 
COSIJZO0 
COS[3210 
COS13220 
C O S L ~ 3 0  
COSlJZ40 
COSL3250 
COS|~260 
COSlJZTO 
COSL3280 
C O S ~ g o  
COSlJJO0 
COS13310 
C O S ~ O  
COS1JJJO 
COSX3340 
C O S L ~ 5 0  
COSlJJ60 
COSX3370 
COS~} }80  
COS JJ90 
COS13400 
COSI34~O 
COS134~0 
COS13430 
COS13640 
COS13450 
COS13460 
COSL3470 
COSL~480 
COSlJ490 
COSX3500 
COS1~5~0 
COS1J5ZO 
COSI3530 
COS1~540 
COSIJSSO 
COSX3560 cos l To 
COS 580 
COSI3590 
COS136~0 
COSl36 0 
C O S | 3 6 2 0  
C05L3630 
COSt3640 
COS13650 
COS13660 
C O S ~ 6 7 0  
COS J680 
COS[3690 
COSt~700 
COSIJ710 
COS[3720 
COSl~130 
CUSlJ740 
COSX3750 
COS1~760 
COSIJI?O 
COSI3780 
COSL~790 
COS1J800 
COS13810 
COSL~BZO 
COSIJBJO 
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Cee.  
C . . . . . . .  THIS SUBROUTINE PROVIDES A LINEAR OR HERMITIAN 
C . . . . . . .  TRANSFORMATION FROM A DISTRIBUTION {O~I ) .  FOR THE LINEAR 
C . . . . . . .  TRANSFORMATION, THE PROCEDURE USED IS: 
Ceeeeee.  
C . . . . . . .  T = I !  - MI) = Sl/S2 + M2 
C . . . . . . .  WHERE, 
C . . . . . . .  T = TRANSFORMED VALUE 
C . . . . . . .  I = SIM. VALUE IN ORIGINAL DISTRIBUTION 
C . . . . . . .  M1 MEAN OF ORIGINAL DISTRIBUTION 
C . . . . . . .  M2 = MEAN OF TRANSFORMED DISTRIBUTION 
C . . . . . . .  $2 = STANDARD DEVIATION OF ORIGINAL DIST. 
C . . . . . . .  $1 STANDARD DEVIATION OF TRANSFORMED DIST. 
C. ee 

DO 5 I = I,I2 
C(I| = 0,0 

5 CONTINUE 
IF( ITRANS.EQ.I I  GO TO 200 
Sl = SQRTILVARiK)I  
$2 = SQRTIVAR) 
DO lO0 I = I~NROW 
00 tOO J = IeNCOL 
R F i I ~ J , K |  = ( R F I I ~ J , K I  - XMEAN| • S11S2 + LMEANIKI 

100 CONTINUE 
C . ° e  
C . . . . . . .  ADD A NUGGET EFFECT TO THE MODEL IF DESIRED. 
C, ee 

CALL NUGGETIKI 
RETURN 
CONTINUE 

HERMITIAN TRANSFORMATION. 
CORRECT THE MODEL FOR DEFICIENCIES THEN APPLY TRANSFORMATION 

2OO 
C e . .  
C e e . o . , e  

C . e .  

20 5 

210 

C 
C 

$2 = SQRTIVAKI 
DO 210 I = I,NROW 
DO 210 J = I~NCOL 
X = i R F ( I , J , K }  - XMEAN! = I . 0  I $2 
DO 205 M = I0,I,-I 
C(M) = COEFIM,KI + X ~ CIM÷I) - M~CiM+2| 
CONTINUE 
R F I I , J , K )  = C ( I ;  
DO 210 N = 1,12 
CIN|  = 0 . 0  
CONTINUE 
RETURN 
END 

SUBROUT INE UNSAMiKJ 
COMMON IFURMI A(IOO,IOO) 
COMMON /OAT21 X I IOOI ,Y I IOOI~DAT{ IO0,5 )  
COMMON /FARM/ MVAR 

Cee. 
C . . . . .  THIS SUBROUTINE MODIFIES THE MATRIX, A, TO ACCOUNT 
C..~'=...FOR UNDERSAMPLED RANDOM FUNCTICNS. A ZERO DATA 
C . . . . . . .  VALUE IS INDICATIVE OF UNDERSAMPLING. 
C . . e  

L = K + I 
LVAR = L * MVAR 
DO tOO I : ]L,K 
DO 90 J ~MVAR 
I F I D A T I I , J I . N E . O . O )  GO TO go 
NI = iT - I )  t MVAR + J 
DO 80 M = I,LVAR 
A(NI,M) = O.O 
AI M~NI } = O.O 

80 CONTINUE 
90 CONT INUE 
I00 CONT INUE 

RETURN 
END 

SUBROUTINE UNVEC(XXpK) 
COMMON /DAT2 /  X I I O O I , Y i l O O | , D A T ( I O O , 5 )  
COMMON /PARM/ MVAR 
DIMENSION XX(IO0,5)  

C . e .  
C . . . . . . , T H I S  SUBROUTINE MODIFIES THE MEASUREMENT VECTOR TO 
C . . . . . . .  ACCOUNT FOR UNDERSAMPLEO RANDOM FUNCTIONS. A ZERO 
C . . . . . . .  DATA VALUE IS INDICATIVE OF UNDERSAMPLING. 
Ce.o 

= tK DO IOO I I 
DO 90 J = 1 ,MVAR 
IF IOATI I , J I °NE.OoO|  GO TO 90 
NI = ( I  - I I  • MVAR + J 
DO 80 M = 1,MVAR 
XX(NI,M) = 0 .0  

80 CONTINUE 
90 CONTINUE 
IOO CONTINUE 

RETURN 
END 

C 
C 

SUBROUTINE VARGIXMEAN,VAR,IJK) 
COMMON ISIMI R F ( 6 5 ~ 6 5 , 6 |  
COMMON /GRID/ NROWtNCOL~XDIM,YDIMtYMAXtXMIN 
DIMENSION GAMMAI20) 

Co.o 
C ....... THIS SUBROUTINE COMPUTES THE SEMI-VARIUGRAM OF THE 
C ....... SIMULATED RANDOM FUNCTION, RF. THE REGULAR GRID 

COS138¢0 
COS13850 
COS1J860 
COS13870 
COSI3B80 
COSL3890 
COS13900 
COSt39IO 
COSt3920 
COS13930 
COS139~0 
COSI3950 
COS13960 
COS13970 
COSt t980 
COS J990 
COSI~OOO 
COSI~OIO 
COS160~O 
COSI~03O 
COS14060 
COS]6050 
COS14060 
COS14070 
COS16080 
COSI4OgO 
COSI~IO0 
COS16110 
COS14120 
COS~4|30 
COS 4140 
COSI415O 
COSIAI6O 
COS1~170 
COS16180 
COSI¢19O 
COSI6200 
COS1~210 
COS1~220 
COS1~230 
COS1~2~0 
COS1~250 
COSt4260 
COS14270 
COSI~2BO 
COSL6290 
COS16JO0 
COS1~310 
COSI~3ZO 
COS14JJO 
COSX4340 
COSI * }50  
COS1~360 
COS|63TO 
COSL~80  
COSI~J90 
COSI~O0 
COS16410 
COS1~¢~0 
COS14430 
COSL#440 
COS1~50 
COS16~60 
C O S I ~ 7 0  
COS16480 
COSI~490 
COS[4500 
COSt4510 
COS 4520 
COS16530 
C O S I ~ 5 ~ O  
COS16550 
COS16560 
COS16570 
COS16580 
COS[6590 
COS14600 
COS14610 
COSLA620 
COS14630 
COSL~640 
COS14650 
COSlte660 
COS|~610 
COS16680 
COS[~690 
COS14700 
COS14710 
COS14720 
COS14730 
COS16T~O 
COSX4750 
COS~4760 
COS14770 
COSI4780 
COSI4TgO 
COSI4800 
COS14810 
COS16820 
COS16830 
COS14840 
COS[4850 
COS14860 



FORTRAN IV program ~ r c o c o n d m o n ~  ~mulat~on 

C . . . . . . .  SPACING IS TAKEN ADVANTAGE OF IN IHE EASI-WEST DIRECTION. 
C. . .  
C . . . . . . .  l .  COMPUTE THE MEAN AND VARIANCE OF THE S|MULAIION. 
C. . .  

DO 5 I = 1 , 2 0  
GAMMA(I| = 0.0 

5 CONTINUE 
VAR = 0.0 
XMEAN = 0.0 
DO IO I = I,NROW 
DO 10 J = 1,NCOL 
XMEAN = XMEAN ÷ RF(I,J~IJK) 

[0 CONTINUE 
NUM = NROW = NCOL 
XMEAN = XMEAN / FLOAT(NUMI 
DO 20 I = I,NROW 
UO 20 J = I,NCOL 
VAR = VAR ÷ ( R F I I , J ,  IJK| - XMEAN|**2 

20 CONTINUE 
VAR = V~R / FLOAT(NUM - 1|  
NCOLI = NCOL / 20 
DO l O 0 0  K = I~20 
KOU~T = 0 
OUM1 = 0 . 0  
L = K * NCOLI 
I I  = NCOL - L ÷ 2 
DO ~00 I = I,NROW 
OU i O 0  J = l,II 

IFII4.GT.NC;LIJG~ ~0 tOO 
KOUNT = KOUNT ÷ 

= RF( I~ I4~IJK|  
= R F I I , J , I J K |  

O U M l  , = O U M Z  + ,Czo-o ° ~ * * ~  
IF|KOUNT.GT.5000) ~0 TO 

100 CONTINUE 
200  CONTINUE 

N2 = 2 * KOUNI 
IFIN2.EQ.O| GO TO 1000 
GAMMA(K| = DUMI / FLOATIN2) 

1000  CONTINUE 
W R I T E ( 6 ~ 2 0 0 O )  
00 I 5 0 0  I = 1,20 
WRITE(6,3000| I,GAMMA[I) 

1500 CONTINUE 
2000 FORMAT{IHI~T30~VAKIOGRAM RESULTS~,//~ 

I T25,'CLASS'~T35~tGAMMA'~/I 
3000  FURMATIT20~IIO~T30,FIO. 3| 

WRITE[6,40001XMEAN~ VAR 
4000 FORMAT|/~T30~MEAN AND VARIANCE OF THE ~IMULATION'~I~ 

I T20,'MEAN = ',EIS.3,TSO,'VARIANCE = ' , E 1 5 . ~ , / I  
RETURN 
END 

Coe .  
C o o e . . . e  
Cee .  

C . . .  
C . . . o e e Q  
Ceee 

10 

C . . e  

20 
100 

SUBROUTINE VECT 
COMMON /DVECI ICOS(3,1~) 
DIMENSION R(3,3I ,TEMPIJ,3I~TEMPIi3,3)  

THIS SUBROUTINE DEFINES THE ~5 VECTORS THROUGH ROIAIION BY R. 

REAL K,ICOS 
K = 0.618033989 
ICOS(I~I) = K 
ICOS(I,21 = 1.0 
ICOSII,3| = L .O ÷ K 
I C O S ( 2 , [ )  = I . O  
I C O S ( Z , 2 1  = -I.O - K 
ICOSI2,3I = K 
ICOS|},~) = K ÷ 1.0 
ICOS(J, / )  = K 
I C O S ( 3 , 3 |  = - I . O  
RI~,~) = 0.50 
R 1 1 , 2 )  = - ( K  + 1 .01  / 2 . 0  
R ( I , 3 )  = K I 2.0 
RIb,L) = IK + l.O) / 2.0 
R I Z , Z )  K / 2.0 
R(2t3 l  ~ - 0 . 5 0  
Rl3tZ) = K / 2.0 
R 1 3 , 2 )  = 0 . 5 0  
R ( 3 t 3 I  = (K ~ 1 . 0 )  / 2 . 0  

COMPUTE REMAINING 12 VECTORS 

DO LO0 M = L,4 

DO J = 
N = IM -- 1) * 3 ÷ J 
TEMPIItJ| = ICOSiItN) 
CONTINUE 
CALL MATML[(TEMPeRtTEMP[t3~3131 

IEMPI CONTAINS NEW ROTATED VECTORS= THIS IS PLACED INTO ICOS. 

DO J = , 
N = M * 3 • J 
ICOSII,N) = TEMPI(I ,J) 

CONTINUE 
CONTINUE 
RETURN 
END 

705 

COS16870 
C O S [ 4 8 8 0  
COS14890 
COS14900 
COS14910 
COSl~9~O 
COS1~9 0 
COS1~9~0 
C O S t # 9 5 0  
COS ~ 9 6 0  
C D S I ~ 9 7 0  
COS14980 
C O S | 4 9 9 0  
COS15000 
COSI501O 
COS150~0 
COS150JO 
COS15040 
COS~5050 
COS15060 
COS15070 
COS~508O 
COS 5090  
COSI5LO0 
C O S l 5 ~ l O  
COS151ZO 
COS15130 costst o 
COS 5 50 
COS15160 
C O S & 5 | 7 0  
COS151B0 
C O S [ 5 1 9 0  
COSL5 O 
C O S 1 5 ~ 0  
COS15220 
C O S t 5 2 3 0  
COS15240 
COS[5250 
C O S [ 5 2 6 0  cost5 7o 
COS 5 8O 
COSI5290 
C O S 1 5 t ~ 0  
COS15J 0 
COS15320 
COS15~30 
COS15J40 
COS15350 
COS15~60 
COS15J70 
COS15380 
C O S t 5 3 9 0  
COSIS~O0 
COS15~ I0  
COS15420 
COS~5430 
COS15~40 
COS15~50 
COSL5460 
COS15470 
COSL5~80 
CUS15490 
COS15500 
COS15510 cost55 o 
COS 55 0 
COS15540 
COS~5550 
COS 5560  
COS15570 
COS15580 
COSl5590 
COS15600 
COSL56IO 
COSL5620 
COS156J0 
COSt5640 
COS~5650 
COS 5 6 6 0  
C O S t 5 6 7 0  
C O S t 5 6 8 0  
COS 5690  
COSISTO0 
COS~57~0 
COS157zO 
COS15730 
COS~5740 
COS15750 
COSL5760 
C O S I 5 7 7 0  
COS~5180 
COS15790 
COS15800 
COSL5810 
COS158z0 
COS15830 
C O S I 5 8 4 0  
C 0 5 1 5 8 5 0  
COS15860 
COSL5870 
COS15880 


