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FOREWORD

This manual describes two computer programs: SAMVAR for the calculation of a
sample semi-variogram and POPVAR for fitting a population semi-variogram. The
programs are meant for use in the numerous cases (two-dimensional; no drift) in
which application of the kriging method (Matheron; 1971) is simple. In compli-
cated cases, the reader is referred to the computer programs listed in Journel

and Huijbregts (1978) and in Kafritsas and Bras (1981).

Both programs include wvaluable suggestions made by M.A.J. van Montfort and by
P.E.V. van Walsum. POPVAR also includes an IMSL subroutine. The programs have

been in use for some years but are now generalized and documented.



1 INTRODUCTION

For a Regionalized variable Z(x), which takes a value at every point x of coor-

dinates (x,,X5;) in two-dimensional space, the semi-variogram y(h) is defined by:
y(h) = % Var [Z(x)-Z(x+h)], (1)

where h is distance.

Z(x) should be a gquantitative variable, measured on a linear scale.

If the so-called 'intrinsic hypothesis' holds:
{ E [Z(x)-Z(xth)] = O, (2a)
Var [Z(x)-Z(x+h)] = 2y(h), (2b)

then the population semi-variogram y(h) is estimated without bias by the sample
semi-variogram y(h):
N(h)

ZN (D) 151 [Z(xi)-z(xi+h)]2, (3)

¥y(h) =

where z(xi) are the experimental wvalues {'realizations of Z(x)') at points X,
such that data are available at X, and xi+h, and N(h) is the number of pairs of
data points with a mutual distance h.

In case of a random sample the paired data are grouped according to distance

classes, and N(h) is the number of pairs of data points in distance class h.

The semi-variogram is a tool:

(a) to obtain insight in the structural properties of the Regionalized variable
Z(x)

(b) to calculate estimation variances and to compare various interpolation
schemes

(¢) in the application of kriging.

The influence of random errors on the estimation of the semi-variogram is given
by Gandin (1965) and will not be discussed here. The following practical rules
may be given concerning the estimation of the semivariogram (Journel and Huij-
bregts; 1978): N(h) 2> 30 pairs, and the experimental semi-variogram should only
be considered for small distances (h € L/2) in relation to the dimension L of
the domain on which it has been computed. The first rule follows from the well-

known property (Kendall and Stuart; 1958. p.235) that in case of Normal distri-



2

buted increments [Z(xi)-Z(xi+h)] the variance of the estimator s? of the popu-

lation variance o2 equals:

var §2 = 20%/N(h),
so that:
var s? 2 %)

(0%)? ) N(h)

So for a relative variance less than 5%, N(h) should exceed 40.

The second practical rule follows from the fact that very often only one reali-
zation of Z(x) is known. In case of a linear population semi-variogram

y(h) = oh,
where o is a coefficient, and in the case this unique realization z(x) is known
in all points of V, and with the help of all this information y(h) was estimated
by the estimator ¥'(h), it can be shown (Matheron; 1971) that the relative vari-

ance of this estimator equals:

o2 (—b: _ __nt (h<L/2) (5a)
3(L-h)  3(L-h)?
var(¥'(h)) = S
[y(h)]2 o? (2h2 + % (L-h)2 - gE(L_h)), (h>L/2)  (5b)

S0 as soon as h is not very small compared with L, the relative variance becomes

very large and statistical inference is no longer possible.



2 THE CALCULATION OF THE SAMPLE (SEMI-)VARIOGRAM

SAMVAR calculates values of the sample variogram according to (3). The distance
scale and the distance classes have to be specified by the user. The specification
of distance classes includes a guessing part: too large distance classes conceal

the spatial structure, too narrow ones may give rise to pseudo fluctuations.

Sample variograms often exhibit strong fluctuations, see fig. 1 (from: Burrough
et al.; 1983). These may be caused - apart from the chosen discretisation in
distance classes - by anisotropy, by periodicities introduced because of the
chosen sampling scale, because of 'real' periodicities or because of the skew
distribution of the studied Regionalized variable. In case of real periodicities
the frequencies in sample variograms of related variables should be egqual. In
case of a skewly distributed Regionalized variable the fluctuations may be re-

duced by sampling over a larger support (Journel and Huijbregts; 1978, p.77).

In hydrology often the 'multi-realization approach' is of interest: the studied
Regionalized variable is sampled n times on the same set of data points. The n
Individual Sample Variograms (ISV) are averaged to give one Multi-Realization
Sample Variogram (MRSV). The reason for this practice will not be given here,
reference is made to Chma and Bras (1980). It is interesting to note that there
may be a very large spread of the n ISV's around the averaged MRSV, see fig. 2
(from: Witter; 1983). SAMVAR includes this possibility of averaging, and produces

for the centre h of each distance class sample standard deviations s according

to:
s TCNN b %
s=1[{ 2 ;)% -naly(m)]*} /(a-D]%, (6)
i=1
where:
h = centre of a particular distance class
ii(h) = value of the i-th ISV at distance h
¥(h) = value of the MRSV at distance h.

In the usual case of a single~realization approach also standard deviations s

are calculated for each distance class, according to:
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s = [{ 2g2 - [Y®]2 N } /(Nw)-D]%, ()
where:
h = centre of a particular distance class
N(h) = number of paired data in this distance class
¥(h) = value of the sample semi-variogram at distance h

zgz = % b3 [z(xi)-z(xj)]2 for all pairs xi, xj of data points

in distance class with centre h.

The user may prefer to calculate semi-variances without pooling them into dis-
tance classes. In case of a single-realization approach no standard deviation
can be calculated. In case of a multi-realization approach s is calculated accorx-
ding (6), but one should bear in mind that a 'distance class' in this case con-

tains only the various repetitions over one pair of data points.

The standard deviations according to (6) or (7) give an impression of the spread

of values around their averages.



3 THE FITTING OF THE POPULATION (SEMI-)}VARTOGRAM

The fitting of a population variogram consists of the determination of certain
parameters in a chosen variogram model (e.g.: linear). This may be done by eye
and experience. Here a computer program is documented which fits variogram models
to sample variograms by means of an error criterion (minimalization of the resi-

dual sums of squares).
Two models can be fitted by POPVAR. A linear model:

y(h) = €8 + Ah, (8)
where:

h : distance

C : a parameter for the 'nugget effect'

& : o (h=o) or 1 (h#o)

A;: parameter.

Also an exponential model can be fitted, according to:

y(h) = €8 + A; (1 - exp (-h/A;)), (9)
where:
A, = parameter (note: the 'sill' equals C+A;)

1l

Ao

parameter (note: the 'range' Z 3A;).
If the semi-variogram is linear, the Regionalized variable Z(x) has an unlimited
capacity for dispersion, and is only intrinsic. In case of an exponential semi-

variogram the Regionalized variable Z(x) is second-order stationary.

The choice of these two models implies skipping of several frequently used alter-

natives:
{1) the logarithmic model:
y(h) = C6 + o 1n h, (10)
where:

& = parameter,
is discarded, because it cannot be used to describe regionalizations om a
strict point support. Furthermore it is shown (Journel and Huijbregts; 1978)
that the logarithmic model is the limit model of a nested succession of ex-

penential models, the ranges of which increase geometrically.



. (2) the Gaussian model:

Y(b) = C6 + A, [1-exp(~(h/A) )1, (11)
is  discarded, because properties exhibiting this wery continuous and
regular behaviour are seldom found in hydrological practice. In fact
it is deterministic along any straight line in a plane: as shown by
Yaglom (1962) for the corresponding correlation function the value of
the process at an arbitrarely distant point can be approximated arbi-
trarely closely by a linear combination of past values of the process.
A quasi Gaussian structure may be obtained in the case of errors in
the coordinates (Journel and Huijbregts; 1978).

(3) the spherical model:
3 /b

3
cé + [ 3 (X;) - % (?;) 1 A,, (h efo, A1)

y(h) =
C + Ay, (h>A,)

is discarded because it can very well be approximated by an exponential
model, although this last model has a more smooth transition to the sill

value (in fact it reaches its sill only asymptotically).

The user may discard, for reasons outlined in chapter one, all pairs of data

at distances h>L/2. If a pair of data is used in the fitting procedure, no fur-
ther weighting takes place. Fitting is preferably done by ordinary regression,
because in the case of a very fluctuating sample variogram search methods give
glightly different results in case of different starting values. In case of an
exponential model a search method is used according to the Levenberg-Marquardt

method (Abdy and Dempster; 1974), supplied by the IMSL algorithm ZXSSQ.



4 THE USE OF THE PROGRAMS

4.1 SAMVAR

Input to SAMVAR are two files:

- COR.DAT, containing the coordinates of the data points (FORMAT(2F)), and

- IN.DAT, containing on each line the values of the studied wariables in the
data point appearing in COR.DAT. on the same line (FORMAT (1X, 20 F6.1)).

The maximum number of data points is 100; the maximum number of variables is 20.

Missing values are indicated by '999.0'.

The program is interactive. Questions are accompanied by the required formats for

the answer on terminal. There are up to 15 distance classes of equal width. This

width is determined by the parameter 'SCH', one of the parameters whose value is

to be supplied on the terminal. If the largest distance between a pair of data

points is L (in units of the coordinates), SCH may be chosen as 15/L. In case of

SCH larger, e.g. SCH = 25/L, some distance classes are empty. In case of SCH

smaller, the highest distance class (with the largest mean distance between

points) contains relatively numerous pairs of data.

The following variables have to be supplied to SAMVAR on terminal:
NP : the number of data points
NV : the number of variables (or number of realizatioms if ISW = 1)
SCH: scaling factor
ISW: 1 (in case of a multi-realization appreoach) or o {otherwise)
IND: 1 {(in case of optimization - with POPVAR - on semi-variances for each
pair of data points) or 0 (in case of optimization on values of the

semi-variogram for centres of distance classes).

So the program has four options:
- multi-realization approach vs. individual (ISW = 1, 0, respectively)
- fitting of the variogram model {(with POPVAR) on semi-variances grouped

to distance classes (IND = 0) or not (IND = 1).

Output on terminal is more or less regardless of the chosen option:
~ the input on terminal is reproduced as a check (type Control C to imter-

rupt the program, if necessary)



- for each variable coordinates and values for the first 5 data points are

reproduced

- half the largest distance between data points is given. This wvalue, HMAX,

may be used in POPVAR.

The outputfile OUT.DAT contains:

(1)

(2)

(3

(4)

if ISW = 0 and IND = O (test 1; app. I) the I8V's for all distance
classes:

the first column contains a count for the variable,the second column
a count for the distance class (empty distance classes are omitted},
the third column the number of pairs of data points (should preferably
be >40), the fourth column the mean distance, the fifth the value of
ISV for this mean distance and the last column the standard deviation
accarding to (7).

if ISWw = 1 and IND = 0 (test 2; app. I) the single MSRV for all distan-
ce classes: the first column contains the number of the distance class
{empty classes are omitted), the second column the number of pairs of
data points for each ISV, underlying the MRSV, the third column the
mean distance in a distance class, the fourth the values of MRSV and
the last column the standard deviations according to (6).

if ISW = 0 and IND = 1 (test 3; app. I): semi-variances for each pos-
sible pair of data points. With NP datapoints there are { in case of
no missing values) NP(NP-1)/2 such pairs. With NP <100, NP(NP-1)/2
<4950. However, if NP(NP-1)/2 large, the optimization with POPVAR
demands excessive computer time, so it is recommended to let this num-
ber not exceed 100. In fact, if it does, both SAMVAR and POPVAR need
some modifications.

The first column contains a count for the variable, the second column
a count for the considered pair of data points, the third column gives
their distance, the fourth column the semi-variance.

if IS8W = 1 and IND = 1 (test 4; app. I): averaged semi-variances over
the NV realizations for each possible pair of data points. The first
column gives NV, the second gives the number of the paired data points
used in the calculations, the third column their distance, the fourth
column the semi-variance, and the fifth column the standard deviation

according to (6).
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4.2 POPVAR

Input to POPVAR is OUT.DAT, the output file of SAMVAR. The program is interactive.

Questions are accompanied by the required formats for the answer on terminal.

The following variables have to be supplied to POPVAR on terminal:

NO : the number of required optimizations (max:20)

IND : 1 (if optimization takes place on individual values) or 0 (otherwise)

HMAX: half of the largest distance between data points (i.e. HMAX from
SAMVAR); if one wishes optimization on all data, HMAX should be given
a large wvalue

NC : number of distance classes (€15) or individual semi-variances (£100)

ISW : 1 (if the linear semi-variogram model is chosen) or 0 (if the exponen-
tial model is preferred)

KX : 1 (if the nugget-effect is known) or 0 (if not)
X(1),X(2) : starting values for A;, A; in (9)
X(1),X(2),X(3): starting values for C, Ay, Ag in (9)

X1 : the value of the nugget-variance (only if KX=1).

Output on terminal is self evident. If ISW = 0, the IMSL subroutine ZXS85Q is
used. For the output of ZXSSQ the user should consult IMSL (1980).

Appendix 2 contains a listing of the program and a test run.
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Fig. 1. Sample semi-variograms exhibiting fluctuations for some soil
properties and fitted models with their parameters.
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Appendix I: LISTING OF SAMVAR.FOR

DIMENSION 81(:5)+G2(15)+83(15)64(15),85(15)

DIMENSION SD(1S)s5V(15)s8U0(135)

INTEGER N(15)

DIMENSION SXV(100}rSXV2(100)+T{100)+TL3{100)

DIMENSION X{(100),¥{100):F{100:20)

OFEN(UNIT=1,DEVICE="0SK’ rACCESS="SEQAIN’»FILE='COR.DAT")
QFENCUNIT=2,DEVICE=-DSK "’ rACCESE='SEQIN rFILE="EN.DAT )
OFEN(UNIT=3sDEVICE="DSK ' rACCESS« SEAQUT  #FILEw=’OUT.DAT")
TYPE 100

FORMAT (/5 ' TYPE NFINUMBER OF DATAFOINTS(LE 100}# FORMAT I3}
ACCEPT 101¢NF

FORBMAT(IZ)

TYRE 102

FORMAT ¢/5* TYPE NVINUMEER OF VARIABLES(LE 2037 FORMAT I37)
ACCEFT 103¢NV

FORHAT(I3)

TYPE 104

FORMAT(/,* TYPE SCHISCALING FAETORF FORMAT Fl0.2°)

ACCEFT 105.5CH

FORMAT(F10,2)

DO 1 I=1sNP

REAR(1,200) X(I)sY(D)

READ{2¢901) (F{I+K)sK=1,NUV)

FORMAT (1X>2F )

FORMAT (X 20F6.1)

CONTINUE

TYFE 1048

FORMAT(/s * HULTI-REAL.7 YESITYFE "1"} NOITYPE *0'¢ FORMAT I1°)
ACCEFT 107¢1I5W

FORMAT(11)

TYFE 108

FORMAT(/r* OFTIM. ON IND,., VALUES (TYPE'1") OR NOT{TYFE"0*)?")
ACCEPT 109:IND

FORMAT(I1)

TYFE 110

FORMAT(’ AS A CHECK OQUTPUT GF RESF. NPsNVU,;SCHeISW,IND')
WRITE(S1705) NP rNVsSCHeISWrIND

FORMAT(2110»F10.2.2110}

0 16 I=1,100

T(I)=0,

BEGIN MASYTER LDOF

Do 2 Ib=1r15
GXV(ED)=0.
§xv2(ID) =0,
TCIDI=0.
G1(IM)=0.
GRID) =0,
GICID) =0,

G1{ID)=G1(ID)+XN
G2(ID=GZ(ID)+GSD
G3(ID)=G3{1ID>+GSY
BA{ID)=GALID)+G5VEBSY
GS{IDI=B5(ID+1.,

N{ID)}=0

SDCID}=0.

SY(Im=0.

BWW(ID1=0.

CONTINUE

GD 70 3

I13=0

) 9 I=1+NP

IF(T.LEWS) WRITE(S2902) I X(I)sY<I}oPCIsK)
DD 9 J=1+F

IF(J.EQ.I) GO TO 9

I3=13+1

IF(P({I+K).EQ.799.} GO TO ¢
EF(P{JrKI.ER:999,} GO 1O @
IF(I3.6T.100) WRITE(S5:920)
FORMAT( ERRDR: NUHMEER OF PAIREN DAT »>1007)
DD=SART ((XC I3 =X () ) HK24 LY (II-Y¢J) ) ¥%2)
D3CIZ)=bn

IF(DD.GT.DHAXY DMAX=DD
Vm(PL{IvKI-F{ArK) )02

XV=0.,5%V

EXVIIZ) =SXVITI XY
SXVZ(IZ)=EXVI{IE I +XVEXY
T(IZ=T(I3)+1.

CONTINUE

D2=DMAX/ 2,

WRITE(Ss907) KeD2

IFC¢ISW.EQ.1> GO TD 3

IE=I3

Do 10 I3=1,1E

WRITE(3,904) KrI3>BI(I3)»SXV(T3}
FORMATC(2I658Xr2F10.2)

SKV(I3)y=0.

8xv2{i3)=o,

CONTINUE

IF(ISW.EQ.0) 6D TO i1
IF(IND,EQ.1> GO TO 12

D0 13 ID=1r15

IF(G1CID.EG.Q.) GO TO 13

XKNU=GI (1)

AN=G1(1D)/ XNV

OSD=G2¢ID) XNV

GEV=G3(IN) XNV

STO=SART{ (XNVRGA (ID)-GI(IDIXEICID) )/ (XNVKIXNU-1,3))
WRITE(3y9?21) IDsAN,GSDsGSU-STE

G4(I}=0.
G5(ID)=0.
NCIID =0
sDCIN) =0,
SU(ID) =0,
2 SYVIDI=0.
00 20 ID=14,100
SXVIDI=0,
T¢ID)=0.
20 SXV2(ID)=0,
DO 3 K=1sNU
TYFE 112
112 FORMAT (/2 7 ¥ERERERIOORE KK R R0R § K KEO0E RO 0RO KRSk Kok E * )
DHAX=0 .
IF(IND.EQ 1) GO TO 4
no 5 I=1.NP
IF(I.LE.S? WRITE(S,P02) IoX{I)rYIIdeF{TIeK}
P02 FORMAT{1XrI5-3F10.2)
D0 S5 J=1s1
IF (J.EQ.I) GO TO 5
IF(P(T+K}.FQ.999.,> BD TO &
IF(P{JsK} .EQ.99%.} BO TO 5
LD=SOART{{(X(I)-X{ I )RR+ {Y(II-Y LI ¥R2)
IF (DD, GT.DMAX) DBHAX=DD
L=SCHEDD
ID=D#+1,
IF(ID.GT.15) IR=15
U=(P{IeKI-PCJsiN)I¥R2
XV=0,58Y
NOIDY=N{ID}+1
SDCIDI=Sp{IM+D0
SVCID =8V {ID) +XV
SUUCID =SV TD) +XVEXY
3 CONTINUE
D2=DHAX/2.
WRITE{F+¥07) KrD2
207 FORMAT(’ VARIABLE NO! »I2+”
DO & IP=1s135
XN=FLOAT(N{ID)?
IF(XN.LT.1.) BD TO &
XNi=XN-1.
aSp=Sb{ 1D/ XN
GEY=BVI{ID) /XN
GSV2=BEVEGSVKRXNEXN
STD=0.
IF{(XN.EQ.1.) BD TO 7
STD=SART{ (XNESUV{ TN -BEV2Z} 7 (XNBXNL) )
7 IF(IEW.ER.0) WRITE{3,%05) KrIDsMN(ID)+»GSDrE5V5TD
P03 FORMAT(314653F3042)
IF(I5W.EQ,0y GO TO &

HMAX="pF10.,22

921 FORNAT(I6rF6.2r8X23F10,2)
13 CONT INUE
GD 70 11
12 CONTINUE
T i3m0

DD 14 I=1/NP
DO 14 Jelel
IF(J.EQ.I} GO TO 14
I3=213+1
XK2=T¢(I3?
FF(XK2,.EQ.0.) GO TD 14
XKi=FLOAT{NV)
AKI=BART LN (LY ~X ) VKR4 (T =Y {J) 2 HN2)
XKA=3XV{I3)/AKZ
BTD=SART{ (AK2XBAV2(III-SXVIIZINSKV(IZ) ) A (XKZH(XK2-1,) )}
WRITE(3:922) XK1sXKZ2rXKIrXKa:3TD
722 FORMAT(F&.0+1F6.2+8X+3F10.2)
14 CONTINUE
11 CONTINUE
END

TY COR.DAT

105.0
145.0

1gg.o
1075

104.0
10%.0
119.0
104.0

TY INDAT

25.0 24,0
27.0 27.0
34.0 2%.0
20.0 2B.0D
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TEST 1:

EXE SAMVAR.FOR
LINK? Loading
LLMEXCT SAMVAR execution]

TYPE NFINUMBER OF DATAFOINTS¢LE 100> FORMAT I3
4

TYPE NVINUMBER OF VARIAEBLES(LE 20}; FORMAT 13
2

TYFE SCHISCALING FACTOR: FORMAT F10,?

2,50

HULTI-REAL,? YESITYFE *1°§ NOITYFE *Q'; FORMAT Il
g

ﬂPTIH. ON IND.. VALUES ¢TYFE"1*) OUR NOT(TYPE"0')T

ﬁ!: L] CHECh QUTFUT OF RESF, NP>NVySCHy ISHr[ND

2 2.5

**l!t**t***#**t*!ll*Kt*ll*'t*!**l#t****lll******lk

105.00 106.00 25.00

2 103.00 165.00 27.00
3 108.00 110.00 34.00
4 107,50 106,00 20,60

VARIAFLE NO! 1 HMAX= 2.92

*****l*****!l******ﬂ**#*ll*****ﬂlh’(#***l*“******

105.00 104.00 246,00

2 105,00 105,00 27.00
3 108.00 1106.00 - 29.00
4 107.50 106.00 28.00

VARIABLE NO! 2 HMAX= 2.92

CFU time 0.30 Eiarsad tine 45.42

EXIT

+TY OUT,DAT
1 3 1 1.00 2,00 0.00
1 7 2 2,40 18,50 Bi?
i 11 1 4,03 98.00 G.00
1 13 1 5.00 40.50 Q.00
1 15 1 5.83 24.58 0.00
2 3 1 1.00 0,50 ¢.00
2 7 2 2.60 1,25 1.046
2 11 1 4,03 9.590 Q.00
2 13 1 5.00 4,50 0,00
2 15 1 5.83 2.00 0,00

TEST 3:

EXE SaMvar.FOR
LINK: Lozding
LLNRXCT SAMVAR executionl

TYPE NFINUMBER OF DATAPQINTS(LE 100)# FORMAT 13
4

TYPE MUISNUMBER OF VARIABLES(LE 203 FORMAT I3
2

TYPE SCHISCALING FACTORS FORMAT F10.2

2.50

MULTI-REAL.7 YESITYPE °*1"i NODITYFE *0"# FORMAT I1
¢

OPTIM, DN IND.. VALUES (TYFE"1") DR NOT(TYFE®0*})?
1

AS A CHECK OUTFUT OF RESF. NF»NV,SCH»ISWsIND
4 2 2,50 0 1

ELEEL 2 s n 2 LR st st P ot s s tsnssosiisssis]

1 105.00 146,00 25.00
2 105.00 105.00 27.00
3 108.90 i14.00 34,00
L 107.50 106.00 20.00
VARIAHLE NOI 1 HMAX= 2.92
ORI 300K 0k KA K IO KR B NOIRIOR BOKSCR N KK KOO K
1 105.00 196.00 26.00
2 105.00 10%.00 27.9¢
3 108.00 110.00 29.00
4 107.50 104.00 .06
VARIABLE NO! 2 HMAX= 2.92

CFU time 0.30 Elarsed time 44.30
EXIT

LTY OUT.EAT

i 1 1.00 2,00
1 2 5.00 40,350
1 3 5.83 24,350
i 4 2,50 12.50
i S 2,69 24,50
1 & 4.03 ?8.00
2 i 1.00 0.50
2 2 5.00 4.50
2 3 5.83 2.00
2 4 2.50 2,00
2 5 2.69 0.50
2 & 4,03 0,50

TEST 2:

£ EﬁH‘UAR.FUR
LI Loading
CL XCT SAMVAR executionl

TYPE NFIWUMBER OF DATAPOINTS(LE 100)# FORMAT I3
L}

TYPE NVINUMBER OF VARIABLES{LE Z20)# FORMAT I3
2

TYPE SCH!SCALING FACTOR# FORMAT F10.2

2.50

MULTI-REAL.? YESITYPE "1"§ NDITYFE "0"3 FORMAT Il
1

QPTIM. ON IND.. VALUES (TYFE®1") DR MOT{(TYPE"Q*)?

L]
A5 A CHECK OUTFUT OF RESP. NPsNV,BCH»ISWsIND
4 2 1

2.50

AR R KRR KKK AOIOR T KONACERR R AOKACR RO R MK
1

105.00 i04.00 25.00
2 105.00 105.00 27.00
3 108.00 110,00 34.00
4 107,350 104,060 20.00
VARIABLE NO3 1 HMAX= 2.92
**ﬂ!t#*‘tt*’lIktt***ﬂ*‘*******‘t*t**ﬂkt**t)ﬂmttt**
105,00 146.00 26.00
2 105,00 105.00 27.00
3 108.00 110.00 29,00
4 147.50 106.00 28.900
VARIABLE NO! 2 HMAX= Z2.92
CPU time ¢.29 Flaxsed tine 44.38
EXIT
«TY OQUT.DAT
3 1.00 1.00 1.25 1.06
7 2.00 2.60 2.99 12.20
i1 1.00 4,03 49,235 &8.54
13 1.00 5.00 22,50 25,44
15 1.00 5.83 13.25 15.%1
TEST 4:

EXE SAMVAR.FDR
LINKY Loading
CENKACT SAMVAR executionl]

TYPE NP:NUMBER OF DATAPOINTS(LE 100); FORHAT I3
F]

TYPE NYINUMBER OF UARTIABLESILE 20)% FORMaT 12
2

TYPE SCHISCALING FACTOR$ FORMAT F10.2

2,50

MULTI-REAL.F YESITYPE “1"J NODITYPE ‘0"'F FORMAT 11
1

OPTIN. ON IND.. VALUES (TYFE®1"'} DR NOT{TYPE"Q*)7

1
AS A CHECK DUTPUT OF RESP, NPsNVsSCHeISWsIND
4 2 1

2.

NEEKREIPR R EEERRR KRR E RN R EKEERAR TSR IR RN
L

105.00 106.00 25.00
a 105.00 105,00 27.00
108.00 110.00 34,00
107.50 106,00 28.00
VARIABLE NO: 1 HMAX= 2.92
lttt!llll**##**‘!tttttlll******tl*t**!ll**t**lltt
105,00 104.00 24,00
2 105.00 105.0¢ 27.00
3 108.00 110.00 2%.00

4 107.30 104.00 28 0
VARIABLE NO3 2 HMAX= 2.9
CPU Hine ©0.28 Elarsed tinae 50 44

EXIT

«TY QUT.DAT
2, 2.00 1.00 1.35 1406
2. 2.00 5.00 22.5¢ a5.46
2. 2.00 5.83 13,25 15.91
2. 2.00 2.50 7.25 742
2, 2.00 R+69 12,50 14497
2. 2.00 4.03 49,23 68,54
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Appendix IT: LISTING OF POPVAR.FOR

EXTERNAL EXHFL2yEXMFL3

INTEGER MsNrIXJACrNSIGyMAXFN» IGFT e INFERY EER

REAL FARM{4)eX{(3) rF{100) rXJACILO0r 325 XJTICSE) rWORK (221 ) sEPS,
DELTArSGN»SSQsY{100)+0{100)

COMMOM #2807 YsD

COMHON 7 XX3/X1

OFENCUNIT=1yDEVICE="D5SK’ rACCESS="GEQIN’ +FILE="0UT.DAT " »

TYFE 100

FORMAT( /¢’ TYFE NOINUMBEER OF OPTIMIZATIONS (LE 20) 'FORMAT 12’}
ACCERT 101.NO
FORMAT(I2}

TYFE 102

FORMAT (/' OFT.
ACCEFT 103, IND
FORHMAT(IL)

TYPE 104
FORMAT(/¢’ TYFE VALUE OF
ACCEPT 105XL2Z
FORMAT{F10.2)

ON IND. VALUES(TYPE"L®) OR NOT(TYPE"Q®)?")

+SRDMAX? FORMAT F:0.27)

START MASTER LOOF

DD 1 Ni=1sNO

TYFE 129

FORMAT (/¢ 7 B00RRRRNOR IR K ORH0IR AR KR NK KK 308 K dok kR ok * )
NSIG=5

EFPS=0.000001
DELYA=0.0
MAXFN=100000

I0PT=1

TYFE 108

FORHAT(/»“ TYPE NC!
ACCEFT 107,NL
FORMAT (I2)
READ{1700)
TYFE 118
FORMAT(/y* AS A CHECKs
WRETE{S,200}) D(1)s¥(1)
FORMAT (18X, 2F10.2}

i2=0

DO & I=1sNC
IFCDCL?.GT.XL2Y GO TO &
I2=I2+1
D{I2)=D{(I}
YiIZy=¥<{I?
CONTINUE

NC=12

TYFE 108
FORMAT (/> LIN.
ACCEFT 109+1I5W

NUMRER OF DIST. CLASSES 7 FORMAT 127)

((D{IrY (1)) TI=34NCY

GQUTPUT QF FERST VALUE OF DC(.) AND Y(.)")

{TYPE"1") OR EXP. (TYPE"Q') VARIOGRAMT’ )

v’ X{1)="2F14.69° X(2)="»Fld.és’ X(3)="rF14.86/)
WRITE(S,903) 55QsIER, INFER

WRITE{S5,904} (WORK{I)»I=1,5)

Gl TO 1

LINEAR VARIOGRAMF MNUGGET-EFFECT KNDWN

CONTINUE

IF(KX.EG. Q) GO TO 60
TYPE 114

ACCEFT 115.X1
SNY=0.

5D2=0.,

DO 2 I=isNC
YI=Y{I})-X1
ShY=BDY+D{I kY]
SD2«802+4D{I13&kD(I)
B=SI'Y/5D2
URITE(Se904) B
FORMAT (¢ ESTIKATE
+' B=’rFla.6/)

GO TD ¢

DF FARAMETERS ‘»/

LINEAR VARIDGRAM; NUGGET-EFFECT NDT KNOWN
CONTINUE

50Y=0.

SD=0,

§Dh2=0,

SY=0.

XN=FLOAT (NC)

DO 3 I=1sNC

SDY=SDY+DCIXRY(I)

SY=SY+v(I)

SD=SD+D(I)

SD2=5024+D(IIAD(D)
B=(STY-SDXSY/XN) /(SD2-SDASD/XN)
A=(SY-BESD) /XN

WRITE{(S:?07) AsB

FORMAT(’ ESTIMATES OF FARAMETERS! e/
v A= yFla,6s7 B="yF18.86/)

CONTINUE

END

N
SUBROUTINE EXMPLZ(XsMsNrF)
INTEGER MrNrl
REAL X(N)sE (M) Y{(100)D(100)
CONMON /ZSQ/ YD
COMMON /XX3/X1
554,
DO 1 I=iten

10% FORMAT (L)
TYPE 110
t1a FORMAT{/v* NUGGET EFFECT KNOWN (TYPE®"17%) OR NOT (FYPE'0*)7’:
ACCEPT 111.KX
111 FORMAT¢I1?
IF(ISW.ER.1) GO TO SO
IF(KX.EG.0) GO TG 10
[
E ————— EXFONENTIAL VARIOGRAW? NUGGET-EFFECT KNMOWM
TYPE 112
112 FOQRMAT(/>* TYPE STARTING VALUES FOR X(1} AMD X(2)+FORMAT 2F’)
ACCEPT 11ZsX(1)4X(2)
113 FORHAT(2F
M=NC
N2
IxJAC=100
TYFE 114
114 FORMAT(/y’ TYPE X1INUGGET EFFECT: FORMAT F*)
ACCEPT 115sX1
113 FORMAT (F10.2)
WRITE(5,901) ((D(K)»Y{K))rK=1rNC>
901 FORMAT(1H »’AFSTAND='sFé.2s ' SEMI-VAR.=/sF10,3)
CALL ZXSSO(EXMPL2¢HsNsNSIGEFSrDELTAMAXFNs LOFT tPARMeX»SSAF
1 XJAC r IXJAC r X IT Do WORK » TNFER » IER)
WRITE (5,902) X(1)eX{2)
902 FORMAT (1H ¢ 'ESTINATES OF PARAMETERS! »/eLH 1°X(1)="pF14.68,
1 7 M(1='4F10.6/)
WRITE (5,903} B5Qy1ER+INFER
903 FORMAT (1H ¢’8S0='yF14.3»* IER='4+15:' INFER='+I5:/)
WRITE (5:904) (WORK(I?»I=1s%5)
904 FORMAT (tH o 'WORM OF GRADIENT='yFI2,3+¢ FUNCTION EV.x’sF7,0,/
1 iH »’SIGN.DIGITS='»FS.0r"  MARGUARDT PARAMETER=‘1FE0.Ss/s1H »
1 “ITERATIONS=’sF5.0r/)
G0 Td 1
[
C----- EXPONENTIAL VARIOGRAM: NUGGET-EFFECT NOT KNOWN
c
10 TYPE 114
116 FORMAT(/3* TYPE STARTINGVALUES FOR X{1)»X(2) rX(3)} FORMAT 3F‘}
ACCEPT 117X (1) +X(2) ¢ X(3)
117 FORMAT¢3F 3
H=NE:
N=3
IXJACE100
WRITE (5+901) ({DCK)pYIK)}oK=1,NC)
CALL ZXSSQ{EXMPLIsHsNrNSIGrEPSsDELTAsMAXFNs TOPT s FARM X+ SSsF s
1 XJAC » IXJAC + XITJ s WORK ¢ INFER» IER)
WRITE(S:P05) (1) X{2)rX{3)
905 FORMAT(’ ESTIMATES OF PARAMETERS: s/
FEDI Y tT)=X1=X{1) %1 —EXPC-DLId/X(2)))
1 S5nS5+F (1)%8%2,
RETURN
END
SUBROUTINE EXMPLI(XsMrN:F)
INTEGER MsNrl
REAL X(N)+F (M) »Y(100}+D(100)
COMMON -/ZS87 ¥»D
COMMDN /XX3/X1
SB=0.
DO 1 I=1,M
FOIIaY{Ii-X(13-% 02321, ~EXP(-B{I}/X (3} )}
1 66=894+F (1) %82,
RETURN
END
LTY DUT.DAT
1 54 20.44 22.23
4 46 i80.48 &7.18
5 121 224.61 117432
& a5 262,64 %2.00
7 15 336.90 #1.03
8 29 374,12 41.02
9 45 432,70 35.44
10 | 51 472,03 67115
11 | 44 523.35 40,39
12 @ 52 574.98 43,85
1| 64 20,44 5161
a | as 180.48 252.90
5 | 12t 224.61 177.89
& 25 262,64 582.00
7 15 335.90 503 .30
a 25 374.12 107,94
9 &5 432,70 320.92
10 51 472.03 1685.44
11 a4 523,35 339,52
12 52 574.98 114.42






TEST:

EXE ©0PVAR . FORrIMSL.REL/LIE
FORTRAN! FOFVAR

HAIN.

EXMPLZ

EXHPLZ

LINKI Loading

LLNKXCT FOFPVAR executiond

TYFE NOIRUMBER OF OFTIMIZATIONS (LE 20)FFORMAT 12
2
OFT. DN IND. VALUES(TYPE®"1"» OR NCGT(TYFE"0®)?
o]
TYPE VALUE OF ,.S¥DHAXF FORMAT F10.2
375.00
AL IR A CKOK KR K IR KR 8 30 RKOR A ACGIOENOIOR IOIGK R NOR K RO

TYFE NC: NUMBER OF LIST. GCLASSES i FORMAT I
10

AS A CHECK. OUTPUT OF FIRST VALUE OF D{.} AND Y{(.)
20.44 22,25

LIN. (TYPE"1"} OR EX&. (TYPE"Q") VARIDGRAM?

0

NUGGET EFFECT KNOWN (TYPE*1=) 0K NOT (TYPE*Q">T
1

TYFE STARTING VALUES FOR X<1) AND X{2)iFORNAT 2F
E¢., 57,

TYFE XPINUGGEY EFFECT? FORMAT F

17,64

AFSTAND= 20.445EMI-VAR.= 22,250
AFSTAND=1B0.48SEMI-VAR, = 45.180
AFSTAND=224.615EMI-VAR, = 117.320
AFSTAND=252.44SEMI-VAR , = 92.000
AFSTANN=336,205EMI-VAR, = 71.030
AFSTAMD=374,128EHI-VaAR,= 41.020
ESTIMATES OF FARAMETERS?

X(1)= 58.107918 X(2)= £3.039370

550 3511.563 I1ER= 0 INFER= 2

NORM OF GRADMENT= 0.307 FUNCTION EV.= 31,
SIGN.DIGITE= 4. HARQUARDT PARAMETER= 2.646087
ITERATIDNS= &,
FRREEESLEERRE KRR KK FEETRRRN KR AR KK TN

TYPE NC! NUMBER OF DISY. CLASBES 7 FORMAT I2

II-2

18

AS A CHECKs DUTPUT OF FEIRST VALUE OF D(.)} AND Y{.)
20.44 5.461

LIN, (TYPE"1*) OR EXF. (TYPE*0") VARIOGRAHMT

Q

NUGGET EFFECT KNOWN (TYPE"1") OR MOT (TYPE*C")?
1

TYPE STARTING VALUES FOR X(1) AND X{2)iFORMAT 2F

250, 100,

TYPE X1iNUGGET EFFECTi FORMAT F

2.9%

AFSTAND= 20,44BEHI-VAR:= 9:610
AFSTAND=180.,4BSEMI-VAR . = 237.900
AFSTAND=224,418EMI-VAR., = 177 .8%90

AFSTAND=242,44SEMI-VAR. = 582.000
AFSTAND=134.90SEMI-VAR. = 503. 300
AFSTARD=374.126EMI-VAR, = 107,740
ESTIMATES OF PARAMETERS:

Xi1)= 365.737756 X{(2?2~=121.595228

550= 171197.389 IER= 0 INFER= 2

NORM OF GRADIENT= 1.94% FUNCTION EV.= 24.
S1GN.PIGITS= 2. HARQUARDT FARAMETER= 0.03H72
ITERATIONS= Fe

CPU time 0.43 Elaprsed time 2125,64

EXIT






