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AMtracI--A collection of data analysis procedures is presented which are derived from estimation of geographic 
interpolation parameters. Several interpolation models are discussed along with a procedure to obtain the best 
model. The power parameter, p, and the search radius, c, are the standard parameters in inverse distance weighting 
interpolation which is appropriate for sampling patterns that are not highly irregular. The power parameter is 
shown to characterize the regional behavior of geochemical measurements. This characterization process can be 
used to associate similar types of geochemical measurements, produce optimal contour maps, derive meaningful 
residual maps, and highlight unusual geochemical areas by a weighted sum variable. The computer program, 
BESTP, (used to estimate the optimum inverse distance weighting interpolation parameters) is presented, along 
with an example using reconnaissance groundwater data from the Plainview Quadrangle, Texas. 
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Interpolation methods often are used prior to contouring 
data because most contouring procedures require values 
on a regularly=spaced grid. Most interpolation procedures 
require specification of several parameters and it is 
known that the appearance of resulting contours can 
change drastically, depending on the choice of 
parameters. Because contour maps are often an im- 
portant aspect of data analysis, it is reasonable to con- 
sider procedures which allow the choice of optimal con- 
touring parameters. The computer program BESTP 
enables determination of optimal power parameter in the 
inverse distance weighting (IDW) interpolation model. 

By*products of the optimal interpolation procedure are 
equally important for the interpretation of regional geo- 
chemistry. It is possible to compute confidence intervals 
for the power parameter and estimate the variance asso- 
ciated with the estimation process. Geochemical 
measurements can be grouped to characterize the 
regional geochemistry. Various different estimation 
models can be compared such as IDW, trend surface 
analysis (TSA), and Kriglng. Finally, standard residual 
maps and detailed analysis methods such as weighted 
sum maps (Oarrett, Kane, and Zeigler, 1980) can be 
improved. 

"~Research sponsored by the Uranium Resource Evaluation 
Project, Union Carbide Corporation, Nuclear Division under 
contract W-7~5-eng-26 with the U.S. Department of Energy. 

:~Uranium Resource Evaluation Project. 

The next section considers various estimation models 
relevant to interpolation, and the following section gives 
parameter estimation procedures with associated 
confidence intervals. Then, the estimation procedure is 
applied to regional geochemical data and a data evalua- 
tion process is given which is a natural consequence of 
the modeling and estimation in the previous sections. 
The final section discusses the computer program, 
BESTP, used for estimation. 

The traditional approaches to contouring can be 
divided into global and local fit algorithms. The usual 
global algorithm is trend surface analysis (TSA), where 
only the location of a point is used to determine its 
predicted value. Various modifications fit surfaces in 
local regions of the point being estimated. Local fit 
algorithms select a subset of the points surrounding the 
point being estimated and use the measured values for 
estimation. To formalize the preceding concepts, con- 
sider n sample locations from a geochemical population 
which are identified by an observation z(~, yj) which 
may be abbreviated by z, corresponding to the location 
(xj, Yt) for i=  1 . . . . .  n where xi is the decimal degree 
longitude, yi is the decimal degree latitude, and z the 
measured quantity. Consider a location (x, y) for which a 
predicted z-value, ~, is desired. For example, (x, y) could 
be a grid node in an automatic contouring algorithm and 

the estimated value to be used in contouring. The value 
of z is assumed to take the form 
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z(x, y)=  f(z, . . . . .  z. I ~s)+e 
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(l) 

where f is a function specified by the algorithm, and iS is 
a vector of unknown parameters. The random error e is 
assumed to have 0 mean and variance c, 2 which is a 
standard assumption for nonlinear estimation (Draper 
and Smith, 1981). 

A question that arises in the use of equation (l) is 
whether z should be expressed in its observed units 
(untransformed scale) or another scale will increase the 
prediction accuracy. Expression of z in a logarithmic 
scale may sometimes be appropriate since geochemical 
variables often are distributed Iognormally. However, the 
combined Iognormal distribution of variables does not 
consider any spacial dependence of the observations. 
The model in log scale is 

log z(x, y) = f(log z, . . . . .  log z, I/3) + e. (2) 

Note that equation (2) results in biased estimates of 
z(z,y). Alternatively, since estimation often is con- 
sidered applicable to the original scale, it is desirable to 
use a back-transformation model, 

z(x, y) = expff(log z, . . . . .  log z. ] ~)} + ~ (3) 

Models in the form of equations (1) or (3) are preferable 
to equation (2) since estimation is in the original scale of 
measurement and unbiased estimates are obtained for 
z(x, y). 

The form of equation (1) for TSA is a polynomial 
function in x and y, 

z - - ~ o + ~ , x + l B 2 y + ~ y + ~ 2 +  ' . .  +~. (4) 

The major objection to TSA is that in equation (4), there 
is no local influence of the z,'s for points close to (x, y); 
every point z is hypothesized to be only a function of 
regional trend. This assumption is expected rarely to be 
true for geochemical data. 

There are numerous local fit approaches, a frequent 
formulation is 

n 

z(x, y) = ~. + e 

where al : wd 2 wj and 
j - - I  

{ Opffr~>c 
w,= r;  i f r~c 

with r~ the distance from a point (x, y) to (x, y~) in statute 
miles, r~ = 90.96{cos(y • lSOl~rXx - xd 2 + (y - y,)~l 'lz. The 
log transformation procedure replaces z and z~ in equa- 
tion (5) by log z and log z. where the back-trans- 
formation estimation equation is of the form 

z(x, y ) - - e x p { ~  a~ log(z~)} + e 

FI 

-- l ' [ ~ t ' +  ~. 
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For p = O, z(x, y) is estimated by either the arithmetic or 
geometric mean using equation (5) or (7), respectively. 
Variations of the functional form of equation (6) include 
different procedures for selecting the points having non- 
zero weights. Sampson (1978) implemented procedures 
which include choosing a specified number of nearest 
neighbors and recognizing a specified number of points 
in each quadrant or octant around z. 

The search radius c in equation (6) is the assumed 
radius of influence of z, on z, and the w,'s are weights for 
the z,'s, which decrease with increasing distance from z 
for p > 0. These weights are a function of the power 
parameter p which ~ong with c serve as the parameter i~ 
in (1). However, there is a high degree of correlation 
between/3 and ~ because increases in c can be offset by 
increasing p. Also, increasing c increases the number of 
nonzero wl in equation (5) which can add appreciably to 
the computational time required for estimation. Thus, it 
is reasonable to fix c in equation (6) and estimate p, but 
several values of ¢ can be considered and compared by 
the criteria given in the next section. 

PARAI~I~.t~ ESTIMATION 
The estimation of the parameters in any of the models 

requires an optimization function. Regional geochemical 
data are convenient in that n is typically large (for 
example, n >200) and it is possible to extract a 
representative validation data set of size n' (for example, 
n'= n/4). The prediction data set of n-n'  samples then 
can be used to estimate the n' validation samples. A 
natural choice for optimization is to attempt to minimize 
the residuals [z~ - 2,(13)] z for i = 1 . . . . .  n' where 2~(is) is 
a function of the prediction data set. A convenient 
function to minimize is the normalized least-squares 
function 

m'  

E [z, - i, (is)l ~ 
s(is) = " ~  

,~(z, - ~)2 
(8) 

where ~ is the sample mean of the validation samples. It 
should be noted that estimation using the validation 

(5) samples is similar to jack-knifing (or leaving-one-out) in 
statistical applications (Lauchenbruch, 1975, p. 32) where 
estimation is improved by not considering all n samples. 
For the situation where n is small (n < 100), the BESTP 
computing procedure described later could be modified 
to repeat the estimation process n times in a classical 

(6) jack-knifing application. 
In the linear regression context, the multiple cor- 

relation coefficient, R 2, and S(#) are simply related for 
n ' =  n by S(IS)= I -  R 2 and equation (8) has intuitive 
appeal for the nonlinear models considered in the pre- 
vious section. If S(g) > 1, then on the average it would 
be better to replace zi by ~, which would imply the 
estimation process generally is not useful. Also, various 
estimation methods can be compared using equation (8). 
Thus, values of S(IS) can be used to evaluate the useful- 
ness of a particular estimation procedure and to compare 

(7) various methods of estimation such as TSA, IDW, and 



Interpretation of regional geochemistry using optimal interpolation parameters 119 

Kriging. Finally, estimation procedures which perform 
poorly on the validation samples could be expected to 
perform poorly in the interpolation process using all n 
samples. 

Estimation of the IDW power parameter in equation 
(6) is not difficult because of two considerations. First, 
for most geological applications, the range of p is limited 
between 0 and some moderate number (for example, 
p-< 6). It is not meaningful to consider p < 0 because 
that would imply that the estimation procedure should 
weight samples more heavily as their distance from the 
point being estimated increases. Note that at p = 0, the 
w/s are equal in equation (6), resulting in an estimation 
procedure that uses an average of all samples within c 
miles of the point being estimated. Second, small 
changes in p would not be expected generally to result in 
large changes in S(p), and, for practicality, only integral 
values of p are considered often. The consequence of 
these two considerations is that the program BESTP is 
able to optimize S(p) by simple evaluation of $(p) for 
p = 0, 0.5, 1.0, 1.25, 1.5, 1.75, 2.0, 2.25, 2.5, 2.75, 3.0, 3.5, 
4.0, 4.5, 5.0, 5.5, and 6.0. The value of c is fixed in each 
program execution. It may he desirable to consider 
several program executions for varying c. It should be 
noted that local maxima of S(p) or other irregular 
behavior cannot be eliminated, but in the applications 
considered S(p) has been a smooth, well-behaved func- 
tion. 

Approximate confidence intervals can be computed 
using standard nonlinear least-squares theory. An a p  
proximate 100(l - a)% confidence region for S(p) is 

s(p)[l ' -' - +(n - I) t.,_,(1 a12)] (9) 

where t~(a) is the ath percentile of a t-distribution with 
v degrees of freedom (Draper and Smith, 1981). It often 
may be of interest to determine if a region where S(p) _-< 
1 is within the interval specified by equation (9). Also, a 
range of S(p) in equation (9) corresponds to a range of p. 
Similarly, joint confidence regions could be computed for 
pandc. 

It is possible to estimate the estimation variance from 
least squares theory using 

n ' -  q ,~(z, - ~,)~ (10) 

where q is the number of/~'s estimated in equations (I), 
(2), or (3). The assumption in the estimation of (r: is that 
there is a common estimation variance for all n' points 
regardless of the distances (n) used in equation (6). This 
generally would seem unrealistic because :~, obtained 
from distant points should have a greater variance than ~, 
obtained from close points. However, regional geoche- 
mical studies often attempt a uniform sampling dis- 
tribution. For highly irregular sampling, Kriglng esti- 
mates should be considered because the estimation vari- 
ance is a function of the interpoint distances at each 
point being estimated. 

P I ~  OIJ~DRANGLE EXAI~PLE 
The preceding data analyses are illustrated using geo- 

chemical data from groundwaters collected in the Plain- 
view National Topographic Map Series Quadrangle, 
Texas Oat. 34-35°N. and long. 100-102°W.). Two distinct 
geological areas were identified by previous analyses of 
the groundwater samples (Beanchamp and others, 1980), 
the Ogallala Formation and the Permian units. The data 
are available on magnetic tape which can be obtained from 
the Technical Library, Bendix Field Engineering Corp., 
P.O. Box 1569, Grand Junction, CO 81502. A brief dis- 
cussion of the geology and sampling procedures is given in 
Beauchamp and others, (1980), and a detailed discussion is 
given elsewhere (Uranium Resource Evaluation Project, 
1978). 

The minimum S(p) value associated with each of three 
IDW models is given for the Ogallala Formation in Table 
1 for c = t0 statute miles (16 kin). It is desirable to have 
the estimated z-values in the original scale of measure- 
ment so the untransformed equation (5) or back-trans- 
formed equation (7) models are of particular interest. 

Table 1. Comparison of three methods of inverse-distance weighting estimation in the Ogallala Formation 

Over411 Overll 1 ~t ntmk,~ 
v*r lable (*) I~*n 5.0, S(~) 

Li 104 52 0.46 

yIb} ZO 10 0.83 

Tot~l 2¢~6 44 O. 72 
A | k i l i n t t y  

31 13 0.77 

AS 4.5 2.3 0.81 

~ c l f ~ c  797 24~ 0.90 
Cm~ct /nce  

0 (b) Z06 t60 1.10 

SO. 33 87 0.99 

Ba (b) 9~ 66 1.11 

~ ( b )  9 ? 1 .E7 

I ~  b~ 4~ 36 1.19 

U 6 9  4.3 1.16 

Ci 46 30 1.19 

tmce|m foele~ Sr~lf  

961 r.onf I de~ce 
Interval $~96ested 
fOP p ~-Val v~ 

(1.5.3.0) 2 

I1.0.1.75) 1 

{0,0.5) 0 

(1.0,2.0) 1 

(1.2~.3.S) 2 

(0 .S,2 .~)  1 

(o , l .o)  

(I.O,3.S) 

(0.5.2.01 

(O,Z.O! 

(0,0.5) 

(0, ] .0)  

[1.0,2.5) 

kck-Trans fome4 5¢mle 

Esttamt to~ 960 £mftam~e Esttmmtlon 
$t0Maed ~ . a m ~  In te rn1  Se96este¢ St~ndlre mntlem 
0ev i41~otl ${~] for F p -¥81N ~vt41ttcm S(l~) 

29.3 0.49 (1.79,4.0) 3 )0.2 0.S2 

9.62 0,71 (I.20,2,75) 2 0.91 0.73 

31.6 0.09 (0,1.0) 0 31.2 0.96 

7.43 0.96 (1.20.3.0) 2 8.30 1.22 

2.C~ 0.B6 (1.5.6.0) 3 2.17 0.85 

190 0.0~ (1.0.2.251 1 1~B 0.76 

94.Z 0.96 (0,1.~N51 1 86.2 0.84 

37.9 0.96 (0,4.0) 2 3tiLl 0.78 

48.1 1.02 ( .S .2 .0)  I 46.1 1.0 

4.40 1.02 (.5,Z,ZS) 1 3.93 1.06 

26.0 1.09 (0.1.0) 0 24,8 1.06 

3.97 1.20 (0,1.5) 0 4.03 1.29 

1t.0 ;.90 ( I .0.3.5)  2 11.5 1.42 

T r a e s f a ~ l  Scale 

95S C c m f t ~ e  bt tamtto~ 
Jet.rye1 ~ l g e s  t4d Stlm4ard 

fgr p P-V|I w Devt4 t t~  

(1.0.3.0) 2 0.33 

(1.0,3.0) 2 0 . ~  

(0,1.0) 0 0.14 

(O,I.S) 1 0.30 

(0.5.2.0) 1 0.45 

(1.0.2.5) 2 0.20 

(0.1.25) 0 . ~  

(1.0.2.751 0,01 

(0.S.1,70) 0.42 

(O.S.E.5) 0,43 

(0,1.251 0.53 

(0,1.25) 0.53 

(0,1.Z5) 0.36 

(*)U~tts ~q ~ b  except for  total  alkat~ntty,  Mg, S0t, Na, m~ Ca in  ~0m, and s ~ c t f l ¢  c0Muctar~e I~ ~mos /~ .  

(b l laek- t ra .s fomed St i l e  t5 preferable to untrJn$f0nmt~ sci le  for I s t l m t I o ~ .  
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Vanadium, boron, barium, molybdenum, and sodium 
have appreciably lower S(#)-values in the back-trans- 
formation model. It should be noted that the back- 
transformation model uses the log concentrations for 
estimation. If this model is appropriate, the implication is 
that local highs should not be emphasized for estimation. 
It is interesting to note that many of the 13 variables 
exhibit an apparent Iognormal distribution when all n 
samples are considered collectively. However. theFe ap- 
pears to be no correspondence between an element hav- 
ing a Iognormal distribution and the selection of the best 
interpolation model for the element. 

The confidence intervals for the p-values are generally 
wide and selection of integral values of # seems justified. 
Additional insight in any resulting contour map is gained 
by comparison of the overall standard deviation (using n 
samples) with the estimation standard deviation (using n' 
samples, column 7). Ideally, the estimation standard 
deviation would be considerably smaller if the inter- 

K^NE et al. 

polation process used in contouring produced a 
meaningful grid. However. for uranium the overall stan- 
dard deviation of 4.3 is only slightly greater than the 
estimation standard deviation of 3.97. Combined with a 
minimum S(#) value of 1.16, the contour map for 
uranium could not be expected to be representative of 
the observed data. Arsenic exhibits a similarly small 
reduction in the standard deviation, but a smaller scale of 
total variation produces a reasonable S(#) of 0.81. Con- 
versely, lithium shows a marked reduction in the stan- 
dard deviation and the lowest S(#)-value of 0.46. The 
contour map could be expected to be representative of 
the lithium data. 

It is instructive to plot S(p) vs p for a fixed c from the 
output of BESTP. Figure I illustrates that $(p) is a 
smooth function and has a single minimum for the 
examples considered. For some elements, such as 
sodium, boron, total alkalinity, and calcium, the selection 
of an appropriate p-value is important and only a narrow 
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range of/~ is appropriate. For example, arbitrary choice 
of a p-value of 3 rather than 0.5 for total alkalinity could 
result in a poor geochemical map. Other elements such 
as lithium seem insensitive to changing p. 

It is possible to group the variables by either of two 
methods in an attempt to characterize the regional geo- 
chemistry. The first grouping method simply forms 
groups of variables based on the minimum S(p)-values 
based on the appropriate untransformed or back-trans- 
formed models. Table 2 gives a grouping of variables 
derived from the Table 1 S(/~)-values. This grouping 
method associates variables that have similar predic- 
tability based on the surrounding samples. For example, 
vanadium, total alkalinity, magnesium, and arsenic have 
similar predictability as shown in Table 2. 

Another possible consideration in grouping variables is 
to associate variables having similar shaped curves in 
Figure 1. The shape of an individual curve characterizes 
the relationship of distant samples to a point being 
estimated. The large p-values give decreasing weight to 
samples as their distance increases from the point being 
estimated. For example, the lithium small p-values (for 
example. 0-< p <= 2) have SLo)-values close to the opti- 
mum which suggests that distant samples are related to a 
point being estimated. Similarly, samples close to a point 
being estimated are related to the point since large values 
of p produce comparable S(p)-values. Conversely, 
uranium, sodium, total alkalinity, and boron are esti- 
mated best by an average of the points within c miles of 
the point being estimated. Additional groups are given in 
Table 2. 

As the optimum value for p decreases, the value for 
S(p) increases in Figure 1 with the exception of total 
alkalinity and calcium. This implies that better inter- 
polation estimates are possible for elements where close 
samples are weighted heavily. A geologic explanation of 
this observation is that elements such as lithium, which 
are soluble in Ogallala Formation waters, vary regionally 
with relatively little local relief and are estimated best by 
concentrations at adjacent sampling locations. Con- 
versely, elements such as uranium are soluble under a 
restricted range of conditions in the Ogallala Formation 
which results in more local variability. Consequently, 
low p-values produce the best estimates due to a 
smoothing effect produced by weighting distant samples 
more heavily. A general conclusion is that the more 
soluble elements with uniform distribution and little local 
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relief will be estimated best by adjacent samples with a 
corresponding low value of S(p). 

The value of S(/~) also can be used to estimate the 
relative quality of a contour map prepared by IDW 
interpolation. The geologist utilizing a contour map can 
assess the emphasis to be placed on the location of 
particular contour lines with knowledge of the S(/~)- 
value. For example, a contour map of uranium would not 
represent the observed data well in the Ogallala For- 
marion. However, the geologist may place more 
emphasis on the location of contours of pathfinder ele- 
ments for uranium such as vanadium and arsenic which 
have appreciably lower S(/~)-values in the Ogallala 
Formation (Table 1). 

The S(18)-value also can be used to compare totally 
different methods of estimating £~. Myers, and others, 
(1983) compared IDW, Kriging, and TSA on the Ogallala 
Formation validation samples. The TSA procedure gave 
large $(~)-values in the untransformed scale and is not 
reported. The results reported in Table 3 provide a useful 
synthesis of numerous data analyses and are discussed in 
Myers, and others (1980, 1983). 

Several types of residual plots derived from the best 
IDW estimation model provide additional insight into the 
regional geochemistry. Figure 2 gives histogram and 
normal probability plots of the normalized IDW residuals 
for the uranium (/~ = 0) and lithium (~ = 2) from the 
untransformed scale models. Each of t h e ,  samples was 
estimated by the IDW model with c = 10 miles and p = 15 
in equation (6), and the residual was calculated. The 
estimation standard deviation from Table t was used to 
normalize the residuals. The uranium histogram indicates 
an unusually large number of samples having positive 
residuals (observed >predicted). Notice that the nor- 
malization by ~ is reasonable because the interval 
( -  2, 2) contains most of the residuals. The lithium his- 
togram indicates a separate population of large residuals. 
For both variables, the linearity of the main portion of 
the probability plots implies that the normal distribution 
of the residuals is appropriate. Characterizing the geo- 
graphic distribution of the residuals may be of interest 
because a contiguous group of unusual residuals in- 
dicates a departure from the overall regional model. A 
group of 7 large uranium residuals ( > 1.0 standard devi- 
ation) is shown on the summary map in Figure 3. 

The optimization procedure can be applied success- 
fully to a combination of variables. Kane (1977), Butz 

Table 2. Grouping of variables in the Ogallala Formation 

Variables Grouped 
b~Predtc tabt l l ty  

mtntmum $1P)~ 
Lt 

V, Total Alkaltntt..v, Mg, AS 

Specific Conductance, B 
SO~, 140, Ba 

Na, U, Ca 

Variable Groups by Influence 
of Su~'ruundtng Sa~tles 

[shape o~ s(p) curve] 
U, Ha, Total A lka l in i ty ,  B 

&pectftc Conductance, Ba, tqg 
14o, Ca, V 

SO~,, As, L~ 
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Fig. 2. Histogram and probability plots of normalized residuals from optimum inverse distance weighting models for 
uranium and lithium. 

(1977), and Garrett, Kane, and Zeigier, (1980) described 
the use of a weighted sum variable where the weights are 
derived from standardizing the measured variables and 
applying a subjective importance to the individual vari- 
ables. One such model is 

WS = 1.6(log U - 1.8) 

+ 1.3(log Li - 4.5) 

+ 1.7(log As - 1.4) 

+ 1.1(log V - 2.7) 

+ 1.5(Iog Mo - 2.0) 

+ 2. l(log M g -  3.4). 

The WS variable was input in BESTP and the resulting 
curve for S(p) appears in Figure 1. The optimum ~ = 5 
was used to contour the WS variable. Larger values of p 
are to be expected for the WS variable because the 
weighted sum computation produces smoothed data and 
distant samples should be good predictors. The 
anomalous areas are given in Figure 3. Areas A and B 

were identified by Amaral (1979) as having potential for 
uranium mineralization. One high-level WS contour cor- 
responds with Area B. A second contour corresponds 
with the anomalous uranium residuals and Area IIIC 
identified by Beauchamp, and others (1980). 

B~'rP PltOGP.Mvi DESClUI'TION 

The purpose of the program is to calculate $(p) and 
the mean square residual (MSR) where 

MSR(P)= n,-~ ~. [zi- z,(P)]2. 

A random selection of the input data to form a validation 
data set of size n' H n would not ensure necessarily that 
samples were selected uniformly from all sampling areas. 
Therefore, the following method of selection is used: (1) 
a cell grid is eatabSshed for the map area using the input 
parameters, (2) one sample is selected randomly from 
each nonempty grid cell, (3) a random subset is selected 
if the number of nonempty grid cells is greater than n', 
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Fig. 3. Summary map for inverse distance weighting analyses, 

Table 3. Comparison of estimation procedures using S(~) values 

Variable 

Li 

V 

Total 
Alkal in i ty  

Mg 

As 

Specific 
Conductance 

B 

SO, 

Ba 

Mo 

Na 

U 

Ca 

Untransformed Back-transformed 
Scale Scale Log Transformed Scale 

IDW Kriging IDW Krigin~ IDW Kriging TSA 

0.46 0.43 0.49 1.09 0.52 0.88 0.62 

0.83 _ (a) 0.71 0.93 0.73 0.82 0.99 

0.72 1.32 0.69 1.24 0.66 1.04 0.58 

0.77 3.96 0.96 5.35 1.22 2.12 1.20 

0.81 0.84 0.88 0.96 0.85 I .00 l .00 

0.90 1.59 0.88 1.40 0.76 0.93 0.78 

l . lO 1.56 0.95 2.33 0.84 1.26 0.89 

0.99 --  0.99 1.26 0.78 0.8l 0.84 

l . l l  -- 1.02 1.15 l.O0 1.29 1.06 

1.27 20.I 1.02 --  1.06 -- 0.91 

1.19 2.91 1.09 5.98 1.08 1.56 0.99 

1.16 2.03 1.20 1.59 1.29 1.81 1.36 

1.19 4.24 1.30 5.98 1.42 2.17 1.14 

(a)Analys is  not performed. 
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and (4) a second randomly selected sample is obtained 
from the nonempty grid cells if an insufficient number of 
samples is obtained in step 2. The grid size should be 
selected so that there are approximately n' nonempty 
cells. A random ordering of input data with regard to 
sampling location will ensure a random selection of grids 
and samples within a grid. Once the validation set is 
formed, each validation sample is estimated by equation 
(5) for varying values of p and the results are sum- 
marized. A listing of the program appears in Appendix I. 

The BESTP program was written in FORTRAN for an 
IBM system. Implementation on other machines only 
need consider the use of A4 formats in BESTP. The 
program consists of a main routine and two subroutines. 
The main routine reads the program input and prints 
summary statistics for the validation data set. Subroutine 
PICK selects the test samples from the data set. 
Subroutine TRYP calculates the estimate of each test 
sample for varying values of p. Each sample is assumed 
to have a latitude and longitude in decimal degrees 
followed by values of the variables to be analyzed. The 
user can use optionally a log transformation on the 
concentration data. 

The program is dimensioned to process a maximum of 
t000 samples with 25 different variables. An upper limit 
of I000 for the number grid cells also is used. Array 
DATA contains the input data and would need to be 
redimensioned for larger problems, along with arrays X 
and Y. The array IPICK should be dimensioned to the 
maximum of the number of grid cells or the number of 
validation samples. Arrays CODE, XM, XSD, UR, R, 
UXM, and UXSD will need to be increased to analyze 

more than 2~ variables in a program execution. The input 
consists of 5 card types followed by the data: 

Card 1, columns 1-80 (TITLE, 20A4). 
An alphanumeric title for the data. 

Card 2. columns 1-5 (NTRY, 15). 
The number of samples to be used in the data set (NTRY = 

- 1 implies all input data will be used). 
Card 2, columns 6..10 (NV. I5). 

The number of variables for each sample {excluding latitude 
and longitude). 

Card 3, columns 11-15 (ITRAN. I5). 
An option to use raw data (ITRAN = 0) or the logarithms of 
the data (ITRAN = 1). 

Card 3, columns 16-.20, (IPRINT, I5). 
An option to print (IPRINT = [) validation data samples and 
the individual sample estimation results: IPRINT---0 
excludes this output. 

Card 3, columns ] 1-20 (GRIDX, FI0.0) 
The longitude grid imerval size in decimal degrees. 

Card 3, columns 21-30 (GRIDY, FI0.0). 
The latitude grid interval size in decimal degrees. 

Card 4, columns 1--4, ~-8, etc. (CODE(1), I = 1, . . . ,  NV, 20A4). 
The alphanumeric code ames for the variables. 

Card ~, columns [.-80 (FMT, 20A4). 
The format used to input the data: the first two values for 
each sample should be longitude and latitude, followed by 
NV variahles. 

Card 6, etc., columns 1-80 (DATA, FMT). 
The input data set read according to FMT 

The selected input options are printed by the program 
in the first output section. If requested (IPRINT = 1), the 
values and estimates of each sample are listed as shown 
in Figure 4. Summary statistics for the validation, total, 
and prediction data sets are given as shown in Figure 5 to 
enable the user to determine how well the validation 

EXJ~IPLE DATA FROM ~SITEHOR$E AND CLOUD CHII~ GROUp 'c . P~AINVIEM QUADRANGLE 

VALIDATION D~TA SET: 

VAR TABI~ 
O05 AVERAGE p= .5 P=I P=1.2~ P=1.5 P:1.75 P=2 P=2.25 PsZ.5 Pz2.75 P:3 Pz3-5 P=~ P:~.5 P-'5 P=5.5 P=6 

LOCATION : 100 .010  3~.920 
L[ ~O.00 59.00 55.86 52.~8 51 .~8 50.17 ~8.9#l 47.81 ~6.TT ~5.S3 ~.g8 ~a.22 ~2.gq ~1.95 41.20 ~0.62 40.20 39-88 
HG 88.70 115.95 113.83 111.S0 110.86 109.96 109.13 t08.37 107.66 107.02 t06.~5 105.93 105.07 10~.40 103.89 103.50 103.21 103.00 

50, 151~.001217.50123,. 381250.401257.911264. 981271.581277.671283.251288.311292.881296.961303.811309.131313.201316.271318.561320.27 
NA 129.50 108.10 107.2" I06.zl2 106.O3 105.67 105.33 105.02 104.74 10"."8 10,~.2~1 10".03 103.68 103.~1 103.20 1O~.OS 102.93 102.8, 

11.87 11.98 12.08 12.17 12.25 t2.33 12.q0 12.51 12.60 12.66 12.72 12.75 12.78 
526.33 529.~ 53~.66 538.71 5~1.81 54..15 5~5.g0 5.7.20 

38.68 38.70 38.76 38.81 38.85 38.89 38.92 38.94 
30.17 29.55 28.75 28.33 28.11 28.00 27.9J~ 27.92 

20t.25 196.75 191.93 190.47 190.58 191.32 192.21 193.04 
42.89 "3.12 4].51 ~3.82 .a.O5 ~a.23 ~ .35  4~..5 
2.27 2.21 2.14 2.11 2.10 2.10 2.09 2.09 

107.57 105.23 102.52 101.38 101.03 t01.02 101.15 101.31 

32.58 32.~m8 32.~O 32.41 32.47 32.55 32.62 32.69 
58'.51 59.51 61.50 63.01 6,.21 65.17 65.92 66.52 

396.35 402.79 41~4.87 ,25.,6 ~34.,2 4~1.8~ 4~7.87 ~52.73 
34.69 34.44 3~.06 33.81 33.6~ 33.52 33.44 33.38 
7.75 8.01 8.,5 8.78 9.03 9.22 9.37 9."9 

159.88 181.~1 18~.S~ 167.49 170.09 172.30 17,.t3 175.62 

U 4.59 11.08 11.35 11.62. 11.75 
CA 610.90 ~68.9~ ~81.74 "93.97 .99.69 505.07 510.10 51q.74 518.99 522.85 

LOCATION : 100.280 3" • 070 
LI 23.00 ~0.25 39.5" 39.O5 38.89 38.77 38.70 38.66 38.65 38.66 
MG 12.90 53-37 47.S~1 41.91 39.35 37.05 35.06 33.~O 32.05 30.911 

~0. 875.00 392.88 3~9.78 303.25 280.98 260.65 2~2.9S 228.26 216.59 207.72 
NA 46.10 ,~1.65 41.39 .1.39 ql,SCI ~11.67 ~11.S9 42.13 42.39 42.65 
U 1.19 4.89 4.18 3.52 3.23 2.97 2.76 2.59 2..S 2.3. 

CA 78,20 216.36 187.67 160.45 1~0.31 137.61 128.52 121.11 115.27 110.8. 
LOCATION: 1 DO. 260 34. 140 

LI "3.00 37.29 36.35 35.19 3~.62 3.-09 33.63 33.26 32.96 32.7~, 
NG 76.90 42.91 45.30 "8.23 .9.82 51.~3 53.O1 5~.5~1 55.97 57.30 

SO~ 65.00 367.29 361.50 361.29 383.~O 366.91 371.59 377.17 383.33 389.8O 
NA 45.80 40.10 39.12 37.9S 37.3A 36.77 38.23 35.78 35.3a 3~.98 
U 7.~o 3.76 ..32 5.08 5.$0 5.9~ 6.36 6.75 7.12 7..5 

CA 216.00 166.79 161.28 157.3, 156.21 155.G8 155.73 156.28 157.22 158.~15 
LOCATION : 100. 270 311. ~72 

L! 37.00 57.00 56.02 5,.56 53.73 52.89 52.06 51.27 50.5A 49.88 ~9.30 .8.78 47.96 ,7.36 ~6.9~ 46.6. .6.44 ,6.30 
MG 76.90 130.50 128.23 1211.9~ 123.10 121.Z~ 119.,1 117.68 1t6.09 11~.6~ 113.36 112.24 110.~ 109.1, 108.23 lOT.S9 I07.1, 106.8, 

SO, 86,.OU1702. 3316J13.~.lS71. f~153~.~Sl,98.011~63.~01,31. 381~0Z.~01376.6.1135,. 11133~.6,1303.001282.021266.781256.2912,9.13124~.25 
NA 319.00 172.83 199.62 225.20 236.76 2.7.23 255.50 264.5~ 271.43 2"/'7.23 282.00 288.O5 291.99 29~.92 298.,9 3OO.17 301.27 301.99 
U 6.57 18.12 18.72 19.23 19.11U 19.62 19.77 19.89 19.98 20.06 20.12 20.16 20.22 20.25 20.26 20.27 20.2S 20.28 

CA 218.10 520.37 493.80 ~67.12 .5q.65 .~3.1~ 432.74 "23.53 .15.5~ 408.88 ~02.88 398.01 390.62 385.60 382.24 379.99 378.50 377.51 
LOCA'rzou : 1OU. 3~o 3~. 038 

LZ 25.00 ,3.27 "3."2 ~3.78 ~.O1 ~.31 ~ .67  45.08 ,5.53 "8.03 ~.6.57 47.15 ~8.35 "9.85, 50.97 52.22 53.39 5 , . ~  
NG I I .10 65.45 85.87 66.n~ 5"/'.57 58.~6 69.SJl 70.78 72.20 73.77 75.50 77.36 81.39 85.70 90.09 9~.,O 98.SO 102.29 

SO~I 817.oo 662.18 MJ~I.55 626.6"/' 813.O1 599.7, 587.02 57,.99 563.79 5S3.S~ 54~.31 536.18 523.31 514.87 510.I.3 509.32 510.77 $14.O1 
NA 63.00 59.07 56.30 57.S2 57.13 56.75 56.38 56.02 55.68 55.36 55.06 5~.78 5~.29 53.90 53.59 53.36 53.18 53.06 
U 1.8~ G.O5 8.06 6.13 6.20 8.28 8.39 6.52 G . 8 T  G . 8 ~  7.03 7.23 7.68 8.15 8.65 9.1~ 9.60 10.02 

CA 72.90 270.35 27S.78 283.36 24.O9 293.49 299.56 306.30 313.70 321.70 330.27 339.32 358.55 378.66 395.88 ~18.$2 437.05 ,5,.11 

Fig. 4. Example output of observed and predicted values of validation samples. 
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EXAMPLE DATA ,ROffi t~I ITBROI~E AMD CLOUD CMIBr GROUPS, P L & I ~ I ~  9UADItANGL[ 

SLIKMARy STATISTICS 

VALZOATIC~ DA?A S [ ' r f N * ~  50} TOTAL D^TA SLY PREDICTION Z)AyA S ~  

V&RIABLE MEAN S.D.  MEAN S .D .  N MEAN S°D. N-N* 

LI 8 7 . 5 8  7 7 . 5 0  7 9 . 9 7  59 .84  274 7 7 . 0 5  5 5 . 1 6  224 
NG 132 .1  1 0 5 . [  1 3 4 . 9  0~ .44  274 1 3 5 . 5  9 1 . 7 5  224 

BOa 1343.  ~ 7 5 . 0  1457.  8 2 8 . 0  2?4 14~3.  ~ 1 5 . 8  224 
NA ]~?.~ 2 2 4 . 7  1 2 5 . 5  2 3 1 . 8  "27~ 102 .~  2 3 3 . g  224 

U 1 2 . : 1  1 1 . 8 9  1 1 . 1 9  11 .8~  274 1 0 . 9 7  11 .E9 224 
CA 4 3 3 . 3  1 9 7 . 5  4 8 1 . 4  1 7 2 . 9  27a a92 .1  1 ~ . $  224 

MOTE: N IsUtY MOT BE TNE SAME fOR ALL VARIABLB~ DUg TO RISSINC DATA. 

Fig. 5. Example output of summary statistics for validation, total, and prediction data sets 

EXAMPbE D~?A ,ROM Wl~ZTERORS[ AND CLOUD CNIET GROUPS, PLAIUVI~g  OUADItAk~LE 

TABLE Or S(P)  

VARIABLE 
AVERAGE P-  . 5  P=I P m l . 2 5  pJ 1 . 5  P J l . 7 5  P-  2 , * 2 . 2 5  pD 2 . 5  pm2.TS P- 3 ps 3 .5  P- 4 P-  4 . 5  P* 5 P-  5 . 5  P= 

L I  0 . | g 0 *  0 .BE8 0 . 9 0 0  0 . 9 0 9  0 . 9 1 8  0 . 9 2 6  0 . 9 3 2  0 . 9 3 7  0 . 9 4 1  0 . 9 4 6  0 . 9 4 7  0 . 9 5 1  0 . 9 5 5  0 . 9 ~ 0  0 .964  0 . 9 6 ~  0 . 9 7 3  
MG 0 . 7 8 4  0 . ? g O *  0 . 7 8 1  0 . ? E $  0 . 7 9 2  0 .P00  0 . 8 1 0  0 . 8 : 1  0 . 6 3 4  0.E4R 0 . ~ 3  0 . 8 9 3  0 . 9 2 3  0 . 9 5 0  0 . 9 7 6  0 . 9 9 9  1 . 0 2 0  

SO4 0 . 8 4 3 *  0 . 9 5 3  0 .E71  0.BE3 0 . 8 9 0  0 . 9 1 4  0 . 9 3 3  0 . 9 5 2  0 . 9 7 2  0 . # 9 2  1 .013  1 .053  1 . 0 9 0  1 . 1 2 2  1 . 1 5 0  1 . 1 7 5  1 . 1 9 5  
MA 0 . 9 6 6  0 . 9 2 4  0 . 9 2 2 *  0 . 9 3 0  0 . 9 3 9  0 . 9 4 ~  0 . 9 2 0  n . 9 5 1  0 . 9 5 1  0 . 9 2 0  0 . 9 4 9  0 . 9 4 7  0 . 9 4 7  0 . 2 4 9  0 . 9 5 1  0 . 9 5 4  n . 9 2 2  

U 1 . 2 0 7  1 . 2 0 4 .  1 . 2 1 ~  1 . 2 2 5  1 . 2 3 8  1 . 2 5 2  1 .2~7  1 . 2 8 3  1 . 3 0 0  1 . 3 1 7  1 . 3 3 5  1 .372  1 . 4 1 3  1 . 4 5 9  1 . 5 0 2  1 . 5 2 0  1 . 5 9 8  
CA 0 . 8 3 4  0 . 7 9 3  0 . 7 2 8  0 . 7 6 3  0 . 7 3 0  0 . 7 2 0  0 . 7 1 1  0 . 7 0 5  0 . 7 0 0  ~ .69B 0 . ~ 9 ~ *  0 . ~ 9 6  0 . 7 0 3  0 . ~ 1 2  ~ . 7 2 3  0 . 7 3 4  0 . 7 4 6  

ASTBRISK DENOTES MINIMUM S(P|  VALUE. 

so VALXU~TZOm S ~ , L r . S  ~ ¢  us~ , o ,  T . c  ABove ? , L B .  

Figure 6. Example output of S(p) values. 

samples represent the total data set. The S ~ )  values 
then are output in tabular form as shown in Figure 6 for 
all values of p for each variable. An asterisk indicates 
the minimum S(p) for a variable. Tables giving MSR(p) 
for estimation of c~: in (10) and the comparison to 
MSR(2) also are output. If logarithms of the data are 
requested, the same tables are output for both the trans- 
formed and back-transformed models. Data for the 
Permian age Whitehorse and Cloud Chief Group used in 
the previous example appear in Appendix 2. The data are 
listed in the order longitude, latitude, Li, Mg, SO,, Na, 
U, and Ca. 
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AFP]ENI1~ 1 

Program lasting 

EXAMPLE DATA FROM WHITEHORSE AND CLOUD CHIEF GROUPS, 
6 0 i 

i0. .075 .075 
LI MG SO4 NA U CA 

(8FI0.3) 
100.660 34.410 67.000 
100.630 34.360 76.000 
100.580 34.366 61.000 
100.570 34.330 67.000 
100.460 34.317 61.000 
100.480 34.357 46.000 
100.540 34.363 54.000 
100.410 34.410 45.000 
100.490 34.413 57.000 
100.430 34.467 60.000 
100.440 34.390 49.000 
100.420 34.317 43.000 
100.420 34.348 36.000 
101.240 34.672 220.000 
101.020 34.541 33.000 
100.960 34.719 56.000 
100.990 34.697 123.000 
100.960 34.655 32.000 
100.990 34.665 34.000 
100.950 34.491 155.000 
100.980 34.486 137.000 
100.950 34.470 70.000 
101.170 34.559 113.000 
100.960 34.547 224.000 
101.150 34.589 164.000 
101.130 34.561 222.000 
101.090 34.586 57.000 
i01.080 34.561 167.000 
100.860 34.505 87.000 
100.870 34.467 118.000 
100.840 34.418 133.000 
100.800 34.372 II0.000 
100.820 34.402 33.000 
100.770 34.332 59.000 
100.740 34.369 134.000 
100.590 34.505 51.000 
100.680 34.328 i01.000 
100.690 34.365 118.000 
100.640 34.325 55.000 
100.710 34.321 83.000 
100.790 34.428 126.000 
100.870 34.436 200.000 
100.710 34.459 75.000 
100.760 34.400 147.000 
100.680 34.483 68.000 
100.620 34.452 107.000 
100.600 34.409 77.000 
100.730 34.440 67.000 
100.060 34.902 79.000 
100.090 34.825 20.000 
100.160 34.812  67.000 
100.160 34.772 59.000 
i00.I00 34.757 77.000 
100.020 34.885 39.000 
i00.010 34.920 40.000 
100.040 34.857 79.000 
100.420 34.841 41.000 
100.410 34.768 63.000 
100.440 34.798 43.000 
100.460 34.766 36.000 
100.540 34.457 56.000 
100.560 34.384 47.000 
100.490 34.457 67.000 
i00.II0 34.789 67.000 
100.510 34.913 53.000 
100.530 34.822 35.000 
100.500 34.865 83.000 
100.020 34.774 92.000 
100.190 34.775 20.000 
100.610  34 .469  96 .000  
100.630 34.514 80.000 
100.700 34.402 81.000 
100.640 34.186 67.000 
100.540 34.149 29.000 
100.530 34.103 40.000 
100.540 34.081 59.000 
100.570 34.074 46.000 

50 

185.300 1916.000 
152.200 1821.000 
130.000 1859.000 
137.700 1902.000 
129.000 1781.000 
145.000 1814.000 
134.200 1773.000 
120.000 I~87.000 
138.100 1859.000 
117.900 1887.000 
36.000 1454.000 

112.300 1644.000 
127.200 2006.000 
105.500 1615.000 
46.700 824.000 
94.200 1502.000 

198.800 2044.000 
60.800 765.000 
66.600 1524.000 

167.300 1961.000 
108.500 1719.000 
124.300 1719.000 
81.400 57.000 

520.400 2700.000 
341.900 2728.000 
497.100 2382.000 
91.000 1647.000 

317.700 2382.000 
202.100 2004.000 
136.900 1981.000 
171.200 1919.000 
221.400 2098.000 
51.500 1413.000 

148.100 1775.000 
211.100 2042.000 
141.100 1726.000 
163.200 1774.000 
196.700 1935.000 
167.000 1765.000 
151.200 1864.000 
196.100 2047.000 
193.100 2264.000 
141.300 1698.000 
284.300 2352.000 
131.000 1448.000 
170.600 1907.000 
183.500 1677.000 
141.500 1620,000 
97.100 1361.000 
15.000 75.000 
70.800 1057.000 
74.000 191.000 
78.500 1319.000 

102.400 1325.000 
88.700 1514.000 

129.500 i110.000 
56.800 329.000 

132.500 1730.000 
69 500 364.000 
74 I00 1048.000 

126 000 1711.000 
137 000 1705.000 
126 600 1812.000 
67 300 618,000 

121.100 706.000 
55.900 580.000 

125.500 1590.000 
91.200 1476.000 
14.600 89.000 

129.200 1535.000 
160.700 1519.000 
145.900 1489.000 
337.600 2575.000 
85.800 1341.000 
96.500 1399.000 
96.300 1473.000 

106.OOO 1361.000 

PLAINVIEW QUADRANGLE 

48.000  92 .210  524.000 
69 .700  13 .780  5 4 6 . 9 0 0  
48 .400  15 .670  5 1 5 . 8 0 0  
59.500 10 .940 5 5 7 . 2 0 0  

100.000 11 .070 5 5 7 . 4 0 0  
99 .700  13.850 5 9 6 . 3 0 0  
53.800  4 .380  5 9 9 . 2 0 0  
75 .500  10 .480 573 .000  
69 .900  17 .300 5 7 2 . 4 0 0  

165.100 18.200 543.800 
16.900 6.110 594.800 
98.800 4.340 535.200 

302.400 4.990 520.700 
530.700 18.480 478.800 
24.200 4.920 354.400 
20.800 5.180 498.900 
77.100 4.140 506.000 
13.300 2.330 266.300 
11.200 3.460 563.400 

986.000 9.780 565.500 
145.200 19.850 541.000 
84.100 7.300 528.000 

119.700 75.770 542.200 
217.300 0.850 429.000 
253.200 18.810 560.600 
196.100 17.410 600.800 
72.300 8.850 674.900 

224.700 15.440 555.900 
35.400 12.130 623.300 

122.000 6.720 646.700 
71.200 7.900 642.100 
57.100 1.660 604.500 
3.300 6.930 350.700 

28.100 7.230 705.200 
78.300 4.630 624.300 
34.900 5.870 718.000 
50.900 5.850 634.500 

109.400 12.210 613.000 
103.600 40.060 555.800 
48.400 6.740 517.400 
90.400 3.980 498.700 

366.100 28.030 509.100 
16.800 13.570 581o100 

111.200 5.310 509.100 
57.900 3.000 514.800 

145.100 7.010 577.200 
82.900 7.310 495.200 

• 40.200 9.820 507.900 
111.400 7.810 552.700 
76.100 1.780 69.500 

278.500 6.270 457.000 
146.100 5 .480 128 .300  

75 .400  4 .730  625 .300  
102.600 12 .860 550.800 
129.500 4.590 610.900 
113.600 9.300 387.000 
24.200 8.080 156.300 
79.300 19.840 541.100 
24.800 9.190 164.300 
37.200 8.420 365.900 
47.500 9.780 515o000 
69.500 8.960 549.900 

218.800 21.820 ~53.900 
108.100 5.100 251.600 
13.400 4.700 265.900 
22.100  2 .890  198.500 
28.100 25.870 510.500 

112.900 10.320 508.000 
94.200 2.170 42.600 

103.500 10.130 490.200 
95.200 22.730 603.300 
52.400 11.440 529.600 

180.500 33.240 453.700 
74.900 10.580 481.800 
23.700 14.570 464.700 
16.600 21.470 483.100 
23.200 34.890 594.200 



100.810 
100.810 
100.790 
100.730 
100.630 
100.590 
100.640 
100.630 
100.680 
100.590 
100.570 
100.570 
100.600 
100.680 
100.720 
100.760 
100.810 
100.750 
100.700 
100.640 
100.640 
100.720 
100.800 
100.740 
100.600 
100.570 
100.570 
100.510 
100.530 
100.580 
100.420 
100.440 
100.450 
100.480 
100.490 
100.480 
100.390 
100.390 
100.260 
100.320 
100.370 
100.350 
100.460 
101.100 
101.070 
101.080 
101.050 
101.330 
101.020 
101.020 
101.070 
101.300 
101.280 
101.280 
101.270 
101.240 
101.040 
101.000 
101.470 
101.430 
101.140 
101.180 
101.220 
101.160 
100.970 
100.980 
101.030 
101.040 
101.420 
101.260 
101.300 
101.300 
101.240 
101.250 
101.190 
100.540 
100.500 
100.310 
I00 390 
I00 260 
100 470 
i00 380 
100 330 
100 380 
i00 280 
I00 350 

Interpretation of regional geochemistry 

34.228 
34.267 
34.258 
34.172 
34.223 
34.117 
34.131 
34.105 
34.102 
34.170 
34.181 
34.226 
34.218 
34.061 
34.056 
34.182 
34.207 
34.206 
34.211 
34.255 
34.310 
34.267 
34.288 
34.318 
34.030 
34.003 
34.051 
34.044 
34.026 
34.023 
34.032 
34.070 
34.020 
34.018 
34.060 
34.078 
34.087 
34.050 
34.140 
34.156 
34.149 
34.228 
34.188 
34.763 
34.828 
34.790 
34.765 
34.808 
34 659 
34 696 
34 688 
34 774 
34 810 
34 839 
34 733 
34 778 
34 627 
34 752 
34 891 
34 899 
34 669 
34 645 
34 703 
34 625 
34.618 
34.587 
34.465 
34.410 
34.831 
34.667 
34.665 
34.658 
34.649 
34.642 
34.633 
34.778 
34.799 
34.845 
34.812 
34.850 
34.898 
34.343 
34.807 
34.456 
34.394 
34.392 

using optimal 

53.000 38.900 471.000 
63.000 97.400 1404.000 

373.000 273.200 2486.000 
82.000 179.100 1895.000 
58.000 106.000 1554.000 
75.000 162.000 1875.000 

128.000 173.500 1997.000 
101.000 177.300 2112.000 
82.000 130.200 1784.000 
49.000 122.900 1704.000 
36.000 134.900 1703.000 
83.000 164.400 1697.000 
73.000 135.700 1636.000 

174.000 225.700 967.000 
65.000 100.600 1510.000 

187.000 414.600 2269.000 
69.000 104.800 1456.000 
77.000 131.000 1463.000 
36.000 96.600 1609.000 
65.000 135.000 1433.000 
44.000 153.000 1688.000 
38.000 81.800 1381.000 
63.000 83.900 1310.000 
73.000 159.300 1616.000 
1.000 0.500 2190.000 

159.000 310.100 2052.000 
85.000 145.500 1633.000 
39.000 116.600 1551.000 
35.000 105.200 1544.000 

124.000 232.000 1945.000 
52.000 94.600 1433.000 
39.000 136.600 1728.000 
37.000 90.100 962.000 
70.000 113.400 1446.000 
56.000 145.700 2090.000 
61.000 115.300 2060.000 
48.000 109.100 2100.000 
61.000 126.600 572.000 
43.000 76.900 65.000 
32.000 22.700 200.000 
44.000 72.700 576.000 
55.000 148.700 2016.000 
44.000 92.000 1589.000 
86.000 126.700 1409.000 

158.000 182.200 1811.000 
53.000 118.000 1427.000 
91.000 142.000 1812.000 
50.000 100.200 1375.000 

278.000 357.700 3001.000 
152.000 226.500 2095.000 
275.000 467.700 3120.000 
40.000 80.100 1600.000 
85.000 144.400 1757.000 

328.000 541.800 3760.000 
I00.000 224.900 2097.000 
91.000 134.500 1874.000 
79.000 204.900 1864.000 
37.000 87.000 1395.000 
77.000 84.000 1835.000 
97.000 78.900 1819.000 

282.000 415.900 2880.080 
48.000 104.000 1573.000 

209.000 286.800 2127.000 
150.000 259.200 1786.000 
95.000 144.600 1564.000 
85.000 127.700 1489.000 

133.000 144.700 1514.000 
356.000 138.200 487.000 
138.000 i00.000 1118.000 
277.000 136.500 900.000 
226.000 81.500 i189.000 
42.000 59.200 1356.000 
34.000 57.700 1198.000 
25.000 47.700 1280.000 
93.000 137.500 895.000 
43.000 99.900 1044.000 
48.000 112.300 1510.000 
94.000 123.500 2197.000 
21.000 30.800 670.000 
62.000 76.500 1230.000 
56.000 42.000 130.000 
65.000 184.300 1687.000 
33.000 49.700 478.000 
59.000 96.300 15~4.000 
50.000 128.500 2188.000 
52.000 144.100 240!.000 

interpolation parameters 

114.400 9.170 
33.300 2.210 

1317.000 22.230 
40.900 3.900 
23.620 4.180 

126.900 21.570 
222.300 1.950 
104.900 2.100 
89.700 1.500 
37.300 13.240 
51.500 14.490 
53.400 5.250 
38.900 6.310 

475.700 6.380 
111.600 8.250 
293.200 26.520 
51.100 5.860 

160.500 6.210 
31.100 5,400 
44.400 13.200 

446.400 9.720 
18.600 15.110 
25.100 4.440 
38.800 4.270 
4.800 7.960 

2 5 9 . 4 0 0  23.490 
69.700 9.150 
23,200 3.840 
14.500 6.630 

127.400 2.150 
35.000 21.820 

154.800 9.920 
31.700 4.740 

351.500 2.940 
50.400 28.100 
55.500 20.010 
70.500 8.490 
52.500 12.780 
45.800 7.400 

133.100 1.690 
51.900 3.820 
86.300 3.440 
75.000 14.150 
55.400 10.520 
95.500 17.150 
18.100 11.010 
79.700 7.460 
38.200 i0.I00 

508 200 3.560 
44 200 15.920 

255 400 7.770 
56 800 5.600 
47 900 13.190 

549 500 5.990 
599 600 8.840 
184 300 10.950 
177 600 6.910 
22 000 8.070 

112 900 18.830 
85.500 15.830 

557 i00 5.690 
37 I00 6.630 

398 600 5.400 
178 900 13.240 

1127 000 7.410 
69 I00 5.580 

114 300 19.200 
201.900 21.460 

1416 000 15.830 
1075 000 27.520 
1126 000 17.220 

33 700 5.020 
24 600 7.030 
12 900 5.000 

884 500 7.180 
35 000 5.090 
53 300 4.220 

246 500 13.700 
22 000 3.150 
39.600 6.140 
19.600 5.360 

154.500 9.510 
192.700 10.980 
431.R00 0.800 
66.300 15.240 

203.300 16.320 

227.200 
567.700 
400.900 
549.100 
611.600 
579.800 
567.700 
548.600 
556.900 
578.500 
554.100 
580.100 
547.400 
490.200 
562.100 
580.200 
569.800 
506.800 
607.900 
646.200 
700.700 
663.600 
721.600 
774.500 

0.700 
528.200 
494.300 

1027.000 
8 9 4 . 5 0 0  
616.600 

423.800 
595.000 
281.900 
456.800 
553.600 
572.200 
598.400 
563.400 
216.000 
116.100 
218.500 
620.800 
539.900 
545.100 
524.000 
537.600 
581.600 
537.700 
465.700 
517.200 
418.800 
572.400 
553.300 
403.900 
570.500 
579.Z~0 
509.800 
518.900 
493.600 
504.600 
486.600 
596.600 
486.800 
575.300 
546.300 
556.700 
494.3O0 
127.400 
339.900 
472.600 
304.800 
550.600 
626.300 
621.500 
574.000 
404.200 
522.100 
533.300 
159.000 
599.400 
97.200 

955.000 
181.900 
331.500 
585.500 
5~3.800 

127 
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100.330 
100.270 
100.300 
100.280 
100.350 
100.520 
100.570 
100.510 
100.650 
100.710 
100.470 
100.430 
100.560 
100.590 
100.620 
100.620 
100.740 
100.800 
100.900 
100.890 
100.620 
100.960 
100.820 
100.580 
100.950 
100.930 
101.020 
100.460 
100.460 
100.470 
100.440 
100.430 
100.810 
100.550 
100.660 
I00 860 
i00 840 
100 710 
i00 660 
i00 780 
I00 790 
i00 860 
i00 850 
I00 880 
100 920 
101.040 
100.780 
100.840 
100.790 
100.840 
100.900 
100.920 
100.980 
100.810 
100.600 
100.670 
100.560 
100.520 
100.530 
I01.080 
101.040 
I01.010 
101.030 
100.760 
100.780 
100.420 
100.470 
100.490 
100.430 
100.420 
100.430 
100.530 
100.440 
100.490 
100.490 
100.560 
100.340 
100.340 
100.280 
100.300 
100.400 
100.380 
100.420 
100.380 

34.459 
34.472 
34.361 
34.450 
34.426 
34.728 
34.731 
34.668 
34.672 
34.675 
34.728 
34.690 
34.652 
34.679 
34.698 
34.578 
34.685 
34.679 
34.682 
34.722 
34.771 
34.812 
34.454 
34.782 
34.760 
34.754 
34.883 
34.650 
34.592 
34.472 
34.544 
34.506 
34.759 
34.803 
34.756 
34.752 
34.781 
34.643 
34.609 
34.777 
34.716 
34.710 
34.557 
34.588 
34.504 
34.864 
34.597 
34.648 
34.551 
34.597 
34.599 
34.616 
34.786 
34.649 
34.532 
34.524 
34.548 
34.644 
34.662 
34.903 
34.816 
34.834 
34,780 
34.631 
34.560 
34.160 
34.130 
34.155 
34.108 
34.268 
34.201 
34.192 
34.237 
34 221 
34 268 
34 279 
34 240 
34 038 
34 070 
34 275 
34 236 
34.258 
34.307 
34.190 

78.000 175.200 2317.000 
37.000 76.900 864.000 
70.000 130.600 1449.000 
46.000 106.200 1234.000 
47.000 II0.i00 1556.000 
89.000 176.300 1563.000 
32.000 57.500 445.000 
38.000 107.000 1419.000 
27.000 71.700 480.000 
40.000 68.600 937.000 
28.000 56.100 573.000 

341.000 149.600 1906.000 
37.000 76.600 1209.000 
26.000 30.000 124.000 
54.000 112.700 1435.000 
87.000 99.400 1111.000 
40.000 46.700 614.000 
47.000 208.000 2162.000 
88.000 141.200 1856.000 
53.000 97.900 1287.000 
54.000 148.800 2333.000 
72.000 142.300 1469.000 
82.000 101.700 1130.000 

107.000 93.900 305.000 
66.000 115.000 1332.000 
39.000 75.100 1378.000 
43.000 78.500 1223.000 
73.000 167.100 1761.000 
78.000 168.900 816.000 
72.000 112.300 1561.000 
29.000 46.200 703.000 
96.000 370.400 2606.000 
69.000 92.800 1425.000 
65.000 86.100 1463.000 
12.000 14.700 20.000 
72.000 104.400 1409.000 
60.000 115.500 1461.000 

109.000 189.500 1616.000 
221.000 495.100 2857.000 
54.000 98.500 1444.000 
99.000 174.500 1680.000 
69.000 101.900 1016.000 
42.000 56.000 500.000 
64.000 124.800 1462.000 
70.000 190.300 1517.000 

105.000 153.200 1788.000 
114.000 158.600 1604.000 
59.000 139.500 1540.000 
61.000 147.900 1449.000 
46.000 222.000 1420.000 
79.000 125.800 1495.000 
49.000 107.800 1326.000 
84.000 123.400 1498.000 
51.000 114.600 1454.000 
13.000 45.000 137.000 
50.000 173.000 1351.000 
48.000 66.500 6@2.000 
55.000 106.700 1539.000 
32.000 69.000 I13~.000 
60.000 72.000 1142.000 
64.000 92.100 1002.000 

I01.000 323.800 2803.000 
61.000 77.000 793.000 
66.000 123.600 1527.000 
54.000 176.300 1924.000 
43.000 120.100 19~3.000 
35.000 102.500 1897.000 
21.000 115.500 2056.000 
74.000 108.800 2068.000 

119.000 336.800 2295.000 
43.000 88.800 1290.000 
55.000 143.400 1539.000 
55.000 140.700 1503.000 
63.000 139.000 1467.000 
82.000 144.500 1348.000 
59.000 140.400 1459.000 
47.000 72.300 957.000 
25.000 14.100 817.000 
23.000 12.900 875.000 
74.000 99.100 1335.000 
56.000 132.800 27.000 
52.000 140.300 1330.000 
56.000 139.300 1425.000 
52.000 139.400 1489.000 

168.500 
319.000 
157.900 
303.400 
46.600 
58.600 
32.000 

177.200 
54.800 

147.100 
46.300 

711.700 
70.000 
50.500 

131.400 
644.700 
106.400 
24.700 
72.600 
10.700 
31.400 
77.300 
38.700 

189.500 
35.600 
37.800 
16.500 

202.800 
822.600 
96.300 

416.000 
568.900 

54.400 
36.300 
24.200 
60.500 
31.900 
15.600 

360.100 
26.000 
86.500 
25.300 
72.~00 
70.300 
35.600 

215.500 
218.500 
55.900 

137.900 
176.100 
78.700 
55.400 
~3.500 
35.100 

246.400 
232.200 
328.700 
7~.900 
22.600 

468.500 
16.200 

285.100 
35.100 
67.300 

390.200 
30 300 
93,400 
27 300 
99 I00 

418 400 
48000 
53 2O0 
90 700 
54700 
53 500 
47 200 
42.900 
H3.000 
46.100 

I17~.000 
72.500 
69.900 

131.700 
57.800 

20.640 
6.570 

13.840 
20.280 
13.440 
19.620 
7.420 

16.570 
11.420 
5.730 
4 . 6 8 0  
7.030 

12.430 
2.710 

10.990 
13.080 
5.200 
4.990 

18.840 
6.910 
5.900 

23.780 
7.86O 

106.900 
9.510 
8.000 
3.360 

17.050 
0.i00 

31.230 
7.440 

49.780 
3.7~0 

19.060 
3.120 
9.480 

10.880 
19.400 
42.3~0 
0.780 
4.850 
5.710 
5.880 
7.110 

18.600 
0.890 

13.800 
3.250 
5.6~0 
5.310 

11.310 
2.320 
5.620 
6.330 

19.0~0 
4.490 

10.460 
8.580 
~.P00 
7.000 

11.210 
1.220 
5.970 
9.420 

IO.RO0 
13.230 
4.g60 

13.100 
22.330 
14.930 
~.400 

22.550 
3.460 
9.730 

28.450 
11.880 
3.270 
1.P80 
1.190 
6.020 
4.260 
8.110 
5.850 
8 . 3 9 0  

576.100 
216.100 
584.700 
375.500 
609.500 
466.800 
182.100 
506.500 
210.900 
3 2 0 . 9 0 0  
205.100 
616.200 
4 5 3 . 8 0 0  
102.500 
421.300 
289.500 
142.600 
507.100 
436.900 
293.600 
515.600 
530.500 
625.800 
131.900 
529.100 
453.800 
451.900 
685.100 
497.400 
578 000 
171 300 
504 600 
510 000 
496 700 
59 700 

503 200 
551 800 
553 800 
625 500 
576 i00 
494 600 
380 200 
154 500 
590 000 
489.900 
479.200 
553.500 
597.100 
565.200 
826.600 
540.800 
543.300 
553.000 
~02.200 
61.700 

781.400 

204.700 
503.100 
441.900 
389.300 
320.600 
446.900 
279.000 
535.400 
660.700 
~13.800 
656.300 
600.900 
475.800 
518.g00 
503.500 
541.700 
~71.600 
523.600 
475.20C 
617.700 
395.800 
72.900 
78.200 

480.800 
556.700 
~35.000 
554.100 
588.200 
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100.270 
100.240 
100.270 
100.280 
100.260 
100.350 
100.300 
100.220 
100.400 
100.710 
1 0 0 . 4 8 0  
100.500 
100.540 
100.560 
100.680 
100.690 
100.700 
100.670 
100.720 
100.740 
100.620 
100.500 
101.430 
101.040 
101.020 
101.060 
100.920 

34.081 39.000 27.900 19~.000 44.700 2.100 
34.105 54.000 66.200 249.000 53.900 3.080 
34.122 26.000 23.200 85.000 36.600 1.480 
34.096 36.000 27.000 37.000 33.000 1.740 
34.128 33.000 68.700 471.000 33.200 9.900 
3 4 . 1 0 1  3 4 . 0 0 0  3 9 . 5 0 0  5 5 8 . 0 0 0  4 1 . 2 0 0  4 .R20  
3 4 . 1 1 6  3 9 . 0 0 0  4 7 . 9 0 0  9 7 5 . 0 0 0  3 8 . 1 0 0  3 . 3 9 0  
34.128 89.000 98.900 1174.000 129.800 8.130 
34.006 37.000 26.100 74.000 ~4.200 0.400 
34.088 74.000 103.800 1311.000 38.~00 4.910 
34.112 47.000 102.100 1520.000 15.900 5.890 
34.191 39.000 127.900 1603.000 16.900 14.480 
34.259 37.000 105.800 1585.000 21.900 7.570 
34.308 25.000 59.200 1137.000 37.700 2.470 
34.275 82.000 161.100 1580.000 1154.000 1.450 
34.580 113.000 333.200 2074.000 162.000 20.820 
34.559 84.000 222.500 1700.000 913.600 19.~20 
34.715 77.000 67.300 192.000 93.100 6.260 
34.722 19.000 18.900 21.000 8.500 2.550 
34.732 57.000 65.900 1181.000 29.600 7.930 
34.657 116.000 256.800 1514.000 311.500 14.070 
34.496 74.000 107.800 742.000 101.600 63.730 
34.867 196.000 121.500 1404.000 236.900 9.200 
34.565 330.000 365.900 2349.000 471.600 16.270 
34.606 85.000 180.900 1590.000 94.200 10.400 
34.604 34.000 86.700 369.000 12.700 5.840 
34.561 130.000 209.800 1755.000 150.900 10.950 

102.000 
88.300 
60.400 
61.900 

181.300 
249.200 
424.400 
372.300 
71.500 

590.300 
532.500 
602.600 
622.700 
431.100 
~06.800 
654.400 
621.400 

88.400 
57.100 

550.000 
705.600 
514.100 
598.300 
562.800 
625.600 
224.400 
4P8.900 

Example dala 

C.e* 
Ceee 

CQe* 
COe* 
Ceet 
Ct** 
C*** 
C * * *  
C * * *  
C~* 
C * * *  
C.t* 
C * * *  
C t * t  
CQte 
C*e~ 
Gee* 
C*** 
C**e 
Cte* 
Gee* 
C * * *  
Cttt 
C * * *  
C.t* 
C * * *  
C i t e  
C * * *  
Ctet 
CeOt 
Cett 
C*** 
C**e 
Cete 
C * * *  
C*** 
C * * *  
C*** 
C*** 
C*** 
C*** 

Gee* 
C*tt 
C*** 
C * * *  
C * ' *  
C*** 
C**t 

/dPPENDIX 2 

PROGRAM BESTP 

OAK RIDGE NATIONAL LABORATORY 
PROGRAM AUTHOR C.L. BEGOVICH 
VERSION I SEPTEMBER, 1980 

PROGRAM INPUT 

CARD 1 

COLS 1-80 ALPHANUMERIC TITLE OF THE DATA 

CARD 2 

COLS I- 5 NUMBER OF SAMPLES TO BE SELECTED FOR THE VALIDAION 
DATA SET 

COLS 6-10 NUMBER OF VARIABLES FOR EACH DATA POINT(NV) 
COLS 11-15 DATA TRANSFORMATION OPTION 

"0 (DEFAULT) NO TRANSFORMATION 
"i USE LOGARITHMS OF THE DATA 

COLS 16-20 PRINT OPTION 
"0{DEFAULT) DO NOT PRINT OBSERVED DATA 
=I PRINT OBSERVED DATA 

CARD 3 

COLS 1-10 SEARCH RADIUS (C) FOR INVERSE WEIGHT FORMULA (Nl) 
COLS 11-20 APPROXIMATE GRID INTERVAL IN THE LONGITUDE (DEGREES) 
COLS 21-30 APPROXIMATE GRID INTERVAL IN THE LATITUDE (DEGREES) 

CARD 4 

COLS i -  4 5- 8 9-12 13-16, ETC. ALPHANUMERIC CODES 
FOR THE NV VARIABLES 

CARD 5 

COLS 1-80 FORMAT STATEMENT TO USE TO INPUT THE DATA 

CARD 6 AND FOLLOWING 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
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MAIN 
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MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

THE DATA SHOULD FOLLOW ACCORDING TO THE FORMAT STATEMENT READ MAIN 
IN CARD 5. THE DATA IS EXPECTED IN THE FORM LONGITUDE, LATITUDE,MAIN 
FOLLOWED BY THE NV MEASURED VALUES FOR THAT SAMPLE. MISSING MAIN 
DATA ARE INDICATED BY VALUES LESS THAN -90000. MAIN 
THE PROGRAM IS DIMENSIONED FOR NV LESS THAN OR EQUAL TO 25, MAIN 
AND N LESS THAN OR EQUAL TO 1000. THE NUMBER OF GRID INTERVALS MAIN 
IN THE X DIRECTION TIMES THE NUMBER OF GRID INTERVALS IN THE MAIN 
Y DIRECTION MUST ALSO BE LESS THAN 1000. MAIN 
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C'** 
C*'* 

C 

C*** 

C*** 

C*** 

C*** 

Ceet 

C,e* 

I0 

C*** 

20 

30 

40 

C*** 

S0 

60 

70 

8O 
C*** 
C,e* 

THESE LIMITS CAN BE CHANGED BY ALTERING THE FOLLOWING DIMENSION MAIN 245 
AND COMMON STATEMENTS. 

DIMENSION TITLE(20),FMT(20),X(!000),Y(1000),CODE(25), DATA(1000, 
> 25),IPICK(IOOO),XM(25),XSD(25),UR(25,17), R(25,17),UXM(25), 
> UXSD(25),DATV(17),XMA(25),XSDA(25), UXMA(25),UXSDA(25),NA(25), 
> NUA(25) 
COMMON/LOCAT/X,Y,XMIN,XMAX,YMIN,YMAX,GRIDX,GRIDY,FAC,SIGN 

DATA XM/25*O.ODO/,XSD/25*O.ODO/,UXM/25*O.ODO/,UXSD/25*O.ODO/, 
> XMA/25*O.ODO/,XSDA/25*O.ODO/,UXMA/25*O.ODO/,UXSDA/25*O.ODO/, 
> NA/25*0/,NUA/25*0/ 

DOUBLE PRECISION XM,XSD,UXM,UXSD,XMA,XSDA,UXMA,UXSDA,XSDM,XMM, 
> UXSDM,UXMM 

DATA BL/IH /,STAR/IH*/ 
CARD 1 

READ(S,10000) TITLE 
CARD 2 

READ(5,10100) NTRY,NV, ITRAN,IPRINT 
CARD 3 

READ(S,10200) DIST,GRIDX,GRIDY 
CARD 4 

READ(5,10000) (CODE(I),I-I,NV) 
CARD 5 

READ(5,10000) FMT 
READ AND COUNT THE DATA VALUES 

Nsl 
READ(5,FMT,ENDm30) X(N),Y(N),(OATA(N,I),I.I,NV) 
DO 20 I-I,NV 

SUM TO GET SUMMARY STATISTICS ON ENTIRE DATA SET 
IF (DATA(N,I).LE.-90000.) GO TO 20 
NA(I)-NA(I)+I 
XMA(1)-XMA(I)+DATA(N,I) 
XSDA(1)-XSDA(I)+DATA(N,I)*DATA(N,I) 
CONTINUE 
NmN+I 
GO TO I0 
N:N-I 
WRITE(6,10300) TITLE 
SIGN--I. 
IF (NTRY.NE.-I) GO TO 40 
NTRYmN 
SIGN=I. 
CONTINUE 
WRITE(6,10400) NTRY 
IF (ITRAN.NE.0) WRITE(6,10500) 
IF (IPRINT.NE.0) WRITE(6,10600) 
WRITE(6,10700) DIST,GRIDX,GRIDY 
WRITE(6,10800) N,NV 
IF (N.GT.1000) GO TO 370 
IF (NV.GT.25) GO TO 380 

TRANSFORM DATA IF OPTION REQUESTED (ITRAN .NE. 0) 
IF (ITRAN.EQ.0) GO TO 70 
DO 50 I'I,NV 
UXMA(I)-XMA(1) 
XMA(~)'0.0 
UXSDA(I)'XSDA(I) 
XSDA(I)-0.0 
NUA (I) =NA (I) 
NA(I)-0 
DO 50 Jm1,N 
IF (DATA(J,I).LE.0.0) GO TO 60 
NA(1)mNA(1)+I 
DATA(J,I)mALOG(DATA(J,I)) 
XMA(1)-XMA(1)÷DATA(J,I) 
XSDA(1)-XSDA(1)+DATA(J,I}*DATA(J,I) 
CONTINUE 
GO TO 70 
DATA(J,I)--99999. 
GO TO 50 
CONTINUE 
XMAX--I.E20 
XMIN-I.E20 
YMAX=-I.E20 
YMIN-I.E20 
DO 80 Jml,N 
IF (X(J).LT.XMIN) XMINmX(J) 
IF (X(J).GT.XMAX) XMAX-X(J) 
IF (Y(J).LT.YMIN) YMINsY(J) 
IF (Y(J).GT.YMAX) YMAXmY(J) 
CONTINUE 

FIND CONVERSION FACTOR FOR DEGREES TO DISTANCE 
BASED ON MIDPOINT IN LATITUDE 

FAC-COS((YMIN+YMAM)/II4.591559) 

MAIN 250 
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100 
C * * *  

120 
130 

C*** 

FAC=FAC*FAC MAIN 645 
DO 90 IR=I,17 MAIN 650 
DO 90 K=I,NV MAIN 655 
R(K,IR)=0.0 MAIN 660 
UR(K,IR)=0.0 MAIN 655 

90 CONTINUE MAIN 670 
IF (IPRINT.EQ.0) GO TO I00 MAIN 675 
WRITE(6,11000)TITLE MAIN 680 
WRITE(6,11100) MAIN 685 
IF (SIGN.GT.0.0) GO TO ii0 MAIN 690 

FIND THE VALIDATION DATA SET MAIN 695 
CALL PICK(IPICK,DATA,N,NV,NTRY) MAIN 700 
GO TO 130 MAIN 705 

II0 DO 120 K=I,N MAIN 710 
IPICK(K)=K MAIN 715 
CONTINUE MAIN 720 
DO 150 K-I,NTRY MAIN 725 

ESTIMATE THE VALIDATION SAMPLE IPICK(K) MAIN 730 
CALL TRYP(IPICK(K),DATA,CODE,DIST,N,NV,R,UR,ITRAN,IPRINT) MAIN 735 

C*** SUM TO GET STATISTICS ON VALIDATION DATA SET MAIN 745 
DO 140 I=I,NV MAIN 750 
XM(I}=XM(I)÷DATA(IPICK(K),I) MAIN 755 
XSD(I)-XSD(I)+DATA(IPICK(K),I)*DATA(IPICK(K),I) MAIN 760 
IF (ITRAN.EQ.0) GO TO 140 MAIN 765 
UXM(I)IUXM(I)+EXP(DATA(IPICK(K),I)) MAIN 770 
UXSD(I)=UXSD(I)+EXP(DATA(IPICK(K),I))*EXP(DATA(IPICK(K),I)) MAIN 775 

140 CONTINUE MAIN 780 
150 CONTINUE MAIN 785 
160 WRITE(6,12200)TITLE MAIN 790 

IF (ITRAN.NE.0) WRITE(6,12000) MAIN 795 
WRITE(6,109O0) MAIN 800 
FNal./FLOAT(NTRY) MAIN 805 

C*** CALCULATE THE RESIDUAL MEAN SQUARE ERROR (MSR(P)) MAIN 810 
DO 180 K-I,NV MAIN 815 
DO 170 IR=I,17 MAIN 820 
R(K,IR)=R(K,IR)*FN MAIN 825 
DATV(IR)-SQRT(R(K,IR)) MAIN B3~ 

170 CONTINUE MAIN R35 
WRITE(6,11600) CODE[K),DATV MAIN 840 

180 CONTINUE MAIN 845 
WRITE(6,11700) NTRY MAIN 850 
WRITE(6,12300)TITLE MAIN 855 
IF (ITRAN.NE.0) WRITE(6,12000) MAIN R~0 
WRITE(6,10900) MAIN 865 

C*** CALCULATE THE NORMALIZED DIFFERENCE BETWEEN MSR(P) AND MSR(2) MAIN 870 
DO 200 K=I,NV MAIN 875 
DO 190 IR=I,17 MAIN 880 
DATV(IR)-I00.*(R(K,IR)-R(K,7))/R(K,7) MAIN 8~5 

190 CONTINUE MAIN 890 
WRITE(6,11600) CODE(K),DATV MAIN 895 

200 CONTINUE MAIN 900 
WRITE(6,11700) NTRY MAIN 905 
WRITE(6,11200) TITLE,NTRY MAIN 910 
DO 230 K=I,NV MAIN 915 
IF (N.EQ.NTRY) OO TO 210 MAIN 920 
XMM=XMA(K)-XM(K) MAIN 925 
XSDM=XSDA(K)-XSD(K) MAIN 930 
XMM-XMM/FLOAT(NA(K)-NTRY) MAIN 935 
XSDM=DSQRT((XSDM-XMM*XMM*FLOAT(NA(K)-NTRY))/FLOAT(NA(K)-NTRY-I)) MAIN 940 
NDIFF-NA{K)-NTRY MAIN 945 

210 

220 

230 

C*ee 

XMA(K)=XMA(K)/FLOAT(NA(K)) MAIN 
XSDA(K)=DSORT((XSDA(K)-XMA(K)*XMA[K)*FLOAT(NA(R)))/FLOAT(NA(K)-I))MAIN 
XM(K)=XM(K)*FN MAIN 
XSD(K)=XSD(K)-XM(K)*XM(K)eNTRY MAIN 
SD=DSQRT(XSD(K)/FLOAT(NTRY-I)) MAIN 
DO 220 IR=I,17 MAIN 

FINISH CALCULATIONS FOR S(P) IN EQUATION 8 MAIN 
R(K,IR)=NTRY*R(K,IR)/XSD(K) MAIN 
CONTINUE MAIN 

950 
955 
960 
965 
970 
975 
980 
985 
990 

WRITE(6,12500) CODE(K),XM(K),SD,XMA(K),XSDA(K),NA(K) 
IF (N.NE.NTRY) WRITE(6,12600) XMM,XSDM,NDIFF 
CONTINUE 
WRITE(6,12700) 

FIND MINIMUM S(P) AND PRINT THE TABLE FOR S(P) IN EQUATION 8 
WRITE(6,12400)TITLE 
IF (ITRAN.NE.0) WRITE(6,12000) 
WRITE(6,10900) 
DO 250 K-I,NV 
IM=I 
DATV(1)=BL 
XMIN-R(K,1) 
DO 240 IR-2,17 
DATV(IR)=BL 
IF (R(K,IR).GT.XMIN) GO TO 240 

MAIN 995 
MAINI000 
MAINI005 
MAIN)010 
MAINI015 
MAINI020 
MAINI025 
MAIN1030 
MAINI035 
MAINI040 
MAIN1045 
MAINI050 
MAINI055 
MAINI060 
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IM'IR 
XMIN-R(K,IR) 

240 CONTINUE 
DATV(IM)-STAR 
WRITE(6,11400) CODE(K),(R(K,IR),IRmI,17) 
WRITE{6,11500) DATV 

250 CONTINUE 
WRITE(6,11800) 
WRITE(6,11700) NTRY 

C*** REPEAT CALCULATIONS FOR BACK-TRANSFORMED DATA 
IF (ITRAN.EQ.0) GO TO 360 
WRITE(6,12200)TITLE 
WRITE(6,12100) 
WRITE(6,10900) 
DO 270 K-I,NV 
DO 260 IRmI,17 
UR(K,IR)mUR(K,IR)*FN 
DATV(IR)mSQRT(UR(K,IR)) 

260 CONTINUE 
WRITE(6,11600) CODE(K),DATV 

270 CONTINUE 
WRITE(6,11700) NTRY 
WRITE(6,12300)TITLE 
WRITE(6,12100) 
WRITE(6,10900) 
DO 290 K-I,NV 
DO 280 IR-I,17 
DATV(IR).IOO.*(UR(K,IR)-UR(K,7))/UR(K,7) 

280 CONTINUE 
WRITE(6,11600) CODE(K),DATV 

290 CONTINUE 
WRITE(6,11700) NTRY 
WRITE(6,11300) TITLE,NTRY 
DO 320 K-I,NV 
IF (N.EQ.NTRY) GO TO 300 
UXMM-UXMA(K)-UXM(K) 
UXSDM=UXSDA(K)-UXSD(K) 
UXMM-UXMM/FLOAT(NUA(K)-NTRY) 
UXSDM-DSQRT((UXSDM-UXMM*UXMM*FLOAT(NUA(K)-NTRY))/FLOAT(NUA(K)- 

> NTRY-I)) 
NDIFF-NUA(K)-NTRY 

300 UXMA(K)-UXMA(K)/FLOAT(NUA(K)) 
UXSDA(K)-DSQRT((UXSDA(K)-UXMA(K)*UXMA(K)*FLOAT(NUA(K)))/ 

> FLOAT(NUA(K)-I)) 
UXM(K)mUXM(K)*FN 
UXSD(K)-UXSD(K)-UXM(K)*UXM(K)*NTRY 
SDmDSQRT(UXSD(K)/FLOAT(NTRY-I)) 
DO 310 IR-I,17 
UR(K,IR)sNTRY*UR(K,IR)/UXSD(K) 

310 CONTINUE 
WRITE(6,12500) CODE(K),U~M(K),SD,UXMA(K),UXSDA(K),NUA(K) 
IF (N.NE.NTRY) WRITE(6,12600) UXMM,UXSDM,NDIFF 

320 CONTINUE 
WRITE(6,12700) 
WRITE(6,12400)TITLE 
WRITE(6,12100) 
WRITE(6,10900) 
DO 340 KsI,NV 
IM-I 
DATV(1)-BL 
XMINsUR(K,I) 
DO 330 IRm2,17 
DATV(IR)=BL 
IF (UR(K,IR).GT.XMIN) GO TO 330 
IM-IR 
XMIN=UR(K,IR) 

330 CONTINUE 
DATV(IM)mSTAR 
WRITE(6,11400) CODE(K),(UR(K,IR),IR'I,17) 
WRITE(6,11500) DATV 

340 CONTINUE 
WRITE(6,11800) 
WRITE(6,11700) NTRY 

350 CONTINUE 
360 STOP 
370 WRITE(6,12800) 

STOP 
380 WRITE(6,12900) 

STOP 
10000 FORMAT(20A4) 
10100 FORMAT(4IS) 
10200 FORMAT(3F10.0) 
10300 ?ORMAT(IH1,20A4/) 
10400 FORMAT(54HOTHE NUMBER OF SAMPLES IN THE VALIDATION DATA SET ARE 

> 15/) 
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10500 FORMAT(48HOTHE CONCENTRATION IS TRANSFORMED BY LOGARITHMS.) 
10600 FORMAT(49HORESULTS FROM EACH VALIDATION SAMPLE ARE PRINTED.) 
10700 FORMAT(26HOTHE SEARCH RADIUS (C) IS ,Gg.3,4H MI./ 

> 40HOTHE GRIDING INCREMENT nOR LONGITUDE IS ,G9.3/ 
> 39HOTHE GRIDING INCREMENT nOR LATITUDE IS ,G9.3/) 

10800 FORMAT(IIH THERE ARE ,I5,13H SAMPLES nOR ,I2,10H VARIABLES, 
> 23H IN THE TOTAL DATA SET.) 

10900 FORMAT(10H0 VARIABLE/6X,THAVERAGE,7H P~ .5 , 7R P~1 ,TH Pml.25, 
> 7H P- 1.5, 7H PmI°75,7H ps 2 ,TH Pm2.25,TR pm 2°5,7H Pm2.75, 
> 7H pm 3 , 7H Pf 3.5,7H P= 4 ,7H ps 4.5,7H P" 5 ,7H ps 5.5, 
> 7H P= 6 /) 

11000 FORMAT(IHI,20A4/21HOVALIDATION DATA SET:) 
iii00 FORMAT(10H0 VARIASLE/6X,14H OBS AVERAGE, 7H pm .5 ,TH P~I , 

> 7H P=I.25,7H Psl.5 , 7H P-I.75,7H P-2 ,7H Pm2.25,7H Pm2.5 , 
> 7H Pm2.75,7H P:3 , 7H P~3.5 ,7H P~4 ,7H Pm4.5 ,7H pm5 e 
> 7H P'5.5 ,7H P'6 /) 

11200 FORMAT(1H1,20A4/19HOSUMMARY STATISTICS//IIX, 
> 23HVALIDATION DATA SET(N'=,I4,1H),gx,14RTOTAL DATA SET, 13X, 
> 19HPREDICTION DATA SET/ IH+,IOX,28(IH ),2X,28(IH ),2X,28(IH )/ 
> 9H VARIABLE,SX,4HMEAN,gX,4HS.D.,13X,4H--MEAN,BX,4H~.D., 6X,IRN, 6X, 
> 4HMEAN,BX,4HS.D.,5X,4HN-N'/ IH+,I2X,6H ,7X,6R ,11X, 
> 6H ,6X,6H , 4X,3H ,3X,6H --"'~, X,6H ----'--~, X, 
> 6 H - - / / )  
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11300 FOR~I,20A4/41HOSUMMARY STATISTICS OF UWTRANSFORMED DATA//IIX,NAIN1610 
> 23HVALIDATION DATA SET(N's,I4,1H),9X,14HTOTAL DATA SET, 13X, 
> 19HPREDICTION DATA SET/ IH+,IOX,28(IH ),2X,28(IH ),2X,28(1H )/ 
> 9H VARIABLE,SX,4HMEAN,gX,4HS.D.,13X,4WMEAN,BX,4H~.D., 6X,1H~,6X, 
> 4HMEAN,BX,4HS.D.,SX,4HN-N'/ IH+,12X,6H ,7Xe6H ,11X, 
> 6H ,6X,6H , 4X,3H ,3X,6H "--'--'~, X,6H --'--'-~, X, 
> 6H--//) 

11400 FOR~,A4,1X,17F7.3) 
11500 FORMAT(IH+,6X,17(6X,AI)) 
11600 FORMAT(IX,A4,1X,17FT.2) 
11700 FORMAT(////IS,30H VALIDATION SAMPLES WERE USED , 

> 20HFOR THE ABOVE TABLE.) 
11800 FORMAT(//37HOASTERISK DENOTES MINIMUM S(P) VALUE.) 
11900 FORMAT(17HIESTIMATED VALUES) 
12000 FORMAT(10H LOG SCALE) 
12100 FORMAT(22H BACKTRANSFORMED SCALE) 
12200 FORMAT(IHI,20A4/22BOTABLE OF SORT(MBR(P))/) 
12300 FORMAT(IBI,20A4/32MOTABLE on (MSR(P)-MSR(2))/MSR(2)/) 
12400 FORMAT(1HI,20A4/14HOTABLE OF S(P)/) 
12500 FORMAT(4X,A4,SX,G9.4,6X,G9.4,6X,Gg.4,3X,Gg.4,1X,I3) 
12600 FORNAT(IH+,71X,Gg.4,3X,Gg.4,1X,I3) 
12700 FORNAT(////47HONOTE: N NAY NOT BE THE SAME FOR ALL VARIABLES , 

> 20HDUE TO MISSING DATA.) 
12800 FORMAT(34H THERE ARE MORE THAN I000 SAMPLES., 

> 43H RECOMPILE PROGRAM WITH LARGER DIMENSIONS.) 
12900 FORMAT(39H THERE ARE MORE THAN 25 MEASUREMENTS. , 

> 41HRECOHPILE PROGRAM WITH LARGER DIMENSIONS.) 
END 
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SUBROUTINE PICK(IPICK,DATA,N,NV,NTRY) PICK 
C***  PICK 
C** *  SUBROUTINE PICK SELECTS THE VALIDATION DATA SET FOR NTRY SAMPLESPICK 
C*** BY DIVIDING THE AREA UNDER STUDY INTO GRIDS. PICK 
C*** AT THE FIRST STEP, ONE SAMPLE IS SELECTED FROM EACH GRID PICK 
C*** (IF AT LEAST ONE EXISTS). .In THE NUMBER On SAMPLES SELECTED PICK 
C*** ARE GREATER THAN THE INPUT SIZE On THE VALIDATION DATA SET, PICK 
C*** SAMPLES ARE SELECTED RANDOMLY FROM THIS SELECTION. IF THERE AREPICK 
C*** NOT ENOUGH SAMPLES THE PROGRAM CONTINUES SELECTING SAMPLES ON PICK 
C*** A GRID BY GRID BASIS UNTIL THE VALIDATION DATA SET IS COMPLETED.PICK 
C*** 

C*** 
Ct** 
C** *  
C*** 

IT IS ASSUMED THE INITIAL DATA SET IS RANDOMLY SORTED. PICK 
DIMENSION IPICK(1),DATA(10~0,1) PICK 
COHMON/LOCAT/X(IO00),Y(1000),XMIN,XMAX,YMIN,YMAX,GRIDX,GRIDY, FAC,PICK 

> SIGN PICK 
NPICK=0 PICK 
NX-(XMAX-X~IN)/GRIDX+I. PICK 
NY-(YMAX-YMIN)/GRIDY÷I. PICK 
NTOTAL=NX*NY PICK 
IF (NTOTAL.GT.1000) GO TO 160 PICK 
DO i0 J=I,NTOTAL PICK 

I0 IPICK(J)m0 PICK 
THE FIRST STEP DETERMINES THE GRID LOCATION on EACH SAMPLE, PICK 
SELECTING ONE SAMPLE FROM EACH GRID. PICK 
ONCE A SAMPLE IS SELECTED THE LONGITUDE IS NEGATED TO DENOTE PICK 
THaT IT IS A VALIDATION SAMPLE. PICK 

DO 70 I=I,N PICK 
XCHK=XMIN+GRIDX PICK 
DO 20 IXsI,NX PICK 
IF (X(I).LE.XCHK) GO TO 30 PICK 
XCHKmXCHK+GRIDX PICK 

20 CONTINUE PICK 
IX=NX PICK 
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30 YCHK-YMIN+GRIDY 
DO 40 IY=I,NY 
IF (Y(1).LE.YCHK) GO TO 50 
YCHK=YCHK+GRIDY 
CONTINUE 
IY=NY 

AT THIS POINT SAMPLE I IS IN GRID IX,IY 
ICNT=(IX-I)*NY+IY 
IF (IPICK(ICNT).NE.0) GO TO 70 
DO 60 J-I,NV 
IF (DATA(I,J).LE.-90000.) GO TO 70 

60 CONTINUE 
IPICK (ICNT) =I 
x ( I ) - - x ( I )  
N P I C K = N P I C K + I  
CONTINUE 

NOW COMPRESS THE DATA INTO THE FIRST NPICK 
LOCATIONS IN I P I C K  

NZERO=0 
DO I00 J=I,NTOTAL 
IF (IPICK(J).EQ.0) GO TO 90 
IPICK [J-NZ ERO) -I PICK (J) 
GO TO I00 

90 NZEROaNZERO+I 
100 CONTINUE 

IF (NPICK.LT.NTRY) GO TO 130 
IF (NPICK.EQ.NTRY) RETURN 

AT THIS POINT MORE THAN ENOUGH VALIDATION SAMPLES WERE CHOSEN, 
SO DELETE AS MANY AS NECESSARY CHOSING THEM AT RANDOM. 

NDEL=NPICK-NTRY 
DO 120 J=I,NDEL 

ii0 XUsRANF(J) 
I U = N P I C K * X U + . 5  
I F  ( I P I C K ( I U ) . E Q . N )  GO TO 110 
I P I C K ( I U ) = 0  

120 CONTINUE 
NPICK=NTRY 
GO TO 80 

C*** AT THIS POINT THERE ARE NOT ENOUGH VALIDATION DATA SAMPLES 
C*** SO CONTINUE TO ADD TO THE LIST BY SELECTING ONE 
C*** FROM EACH GRID (IF POSSIBLE) UNTIL THERE ARE ENOUGH 
C * * *  SAMPLES. 

130 ILEFT-0 
DO 150 I=I,NX 
DO 150 J-I,NY 
DO 140 K-I,N 
IF (X(K).LE.0o0) GO TO 140 
ILEFT=ILEFT+I 
IPX=(XMAX-X(K))/GRIDX+I. 
IF (IPK.NE.I) GO TO 140 
IPY=(YMAX-Y(K))/GRIDY+I. 
IF (IPY.NE.J) GO TO 140 
NPICK=NPICK+I 
x ( K ) = - X ( K )  
I P I C K ( N P I C K ) = K  
IF (NTRY.EQ.NPICK) RETURN 
GO TO 150 

140 CONTINUE 
150 CONTINUE 

IF (NPICK.LT.NTRY.AND.ILEFT.GT.O) GO TO 130 
WRITE(6,10000)NTRY 
STOP 

160 WRITE(6,10100) NTOTAL 
STOP 

10000 FORMAT(40H THERE WERE NOT ENOUGH SAMPLES TO CHOSE , I5, 
> 20H VALIDATION SAMPLES.) 

10100 FORMAT(37H THE TOTAL NUMBER OF GRIDS REOUESTED,,I6, 
> 43R IS GREATER THAN DIMENSIONED VALUE OF I000./ 
> 42H RECOMPILE PROGRAM WITH LARGER DIMENSIONS.) 
END 

SUBROUTINE TRYP(IPICK,DATA,CODE,DIST,N,NV,R,UR,ITRAN,IPRINT) 
C*** SUBROUTINE TRYP FINDS THE ESTIMATES OF S(P) FOR A VALIDATION 
C*** DATA SAMPLE FOR ALL VALUES OF P. 

INTEGER P 
COMMON/LOCAT/X(IOOO),Y(IOOO),XMIN,XMAX,YMIN,YMAX, GRIDX,GRIDY,FAC 

> SIGN 
DIMENSION DATA(IO00,I),TOT(25,17),HDATA(25,17), PVAL(16),R(25,1), 

> UR(25,1),CODE(1) 
DATA PVAL/.5,1.,I.25,1.5,1.75,2.,2.25,2.5,2.75,3.,3.5, 4.,4.5,5°, 

> 5.5,6./ 
DO i0 IR=I,17 
DO i0 KsI,NV 
TOT(K,IR)=O.0 
HDATA(K,IR)=O.0 

4O 

Gee* 
50 

70 
C*** 
C*** 

80 

Gee* 
C*** 

PICK 160 
PICK 165 
PICK 170 
PICK 175 
PICK 180 
PICK 185 
PICK 190 
PICK 195 
PICK 200 
PICK 205 
PICK 210 
PICK 215 
PICK 220 
PICK 225 
PICK 230 
PICK 235 
PICK 240 
PICK 245 
PICK 250 
PICK 255 
PICK 260 
PICK 265 
PICK 270 
PICK 275 
PICK 280 
PICK 285 
PICK 290 
PICK 295 
PICK 300 
PICK 305 
PICK 310 
PICK 315 
PICK 320 
PICK 325 
PICK 33O 
PICK 335 
PICK 34O 
PICK 345 
PICK 350 
PICK 355 
PICK 360 
PICK 365 
PICK 370 
PICK 375 
PICK 380 
PICK 385 
PICK 390 
PICK 395 
PICK 400 
PICK 405 
PICK 410 
PICK 415 
PICK 420 
PICK 425 
PICK 430 
PICK 435 
PICK 440 
PICK 445 
PICK 450 
PICK 455 
PICK 460 
PICK 465 
PICK 470 
PICK 475 
PICK 480 
PICK 485 
PICK 490 
PICK 495 
PICK 500 
PICK 505 

TRYP 0 
TRYP 5 
TRYP I0 
TRYP 15 
,TRYP 20 
TRYP 25 
TRYP 30 
TRYP 35 
TRYP 40 
TRYP 45 
TRYP 50 
TRYP 55 
TRYP 60 
TRYP 65 
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i0 

20 
Ce*e 

C*** 
C*et 

C*** 
C*** 

C*** 

C'e* 
C*** 
C*** 

70 
75 
80 
85 
90 
95 

100 
105 
110 
i15 
120 

TRYP 125 
TRYP 130 
TRYP 135 
TRYP 140 
TRYP 145 
TRYP 150 
TRYP I~5 
TRYP 160 
TRYP 165 
TRYP 170 
TRYP 175 
TRYP 180 
TRYP 185 

CONTINUE TRYP 
NTRY'0 TRYP 
RDIS-DIST TRYP 
DO 50 J-I,N TRYP 

IF THE LONGITUDE IS LESS THAN 0 THEN IT IS A VALIDATION SAMPLE. TRYP 
IF (X(J).LE.0.0) GO TO 50 TRYP 
IF (X(J).EQ.SIGN*X(IPICK).AND.Y(J).EQ.Y(IPICK)} GO TO 50 TRYP 

IF THE SAMPLE IS WITHIN THE CUTOFF DISTANCE DO THE COMPUTATIONS.TRYP 
CALCULATE THE DISTANCE BETWEEN SAMPLES IN MILES TRYP 

DIFFa(X(J)-SIGN*X(IPICK))*(X(J)-SIGN*X(IPICK))*FAC÷ (Y(J)-Y(IPICK)TRYP 
> )*(Y(J)-Y(IPICK)) TRYP 
DIFF~SQRT(DIFF)*60.tl.516 

CHECK TO SEE IF DISTANCE IS WITHIN SEARCH RADIUS 
(C IN EQUATION 5) 

IF (DIFF.GT.RDIS) GO TO 50 
DO 40 K-1,NV 

CHECK FOR MISSING VALUES 
IF (DATA(J,K).LE.-90000.) GO TO 40 

HDATA IS THE SUMMATION OF WEIGHTS * PREDICTION VALUES 
W(I)*Z(I) IN EQUATION 5 
TOT IS THE SUMMATION OF WEIGHTS W(1) IN EQUATION 6 

DO 30 IR'I,16 
HDATA(K,IR+I)-(DIPF**(-PVAL(IR)))*DATA(J,K)+HDATA(K,IR+I) 
TOT(K,IR+I)-(DIFP**(-PVAL(IR)))+TOT(K,IR+I) 

30 CONTINUE TRYP 190 
C*** SUMMATIONS FOR P'0 (AVERAGE) TRYP 195 

TOT(K,I)-I.0+TOT(K,I) TRYP 20~ 
HDATA(K,I)'HDATA(K,I)+DATA(0,K) TRYP 205 

40 CONTINUE TRYP 210 
50 CONTINUE TRYP 215 

C'e* IF THERE ARE NO PREDICTION VALUES INSIDE THE SEARCH TRYP 220 
C*** RADIUS, INCREASE THE RADIUS BY A SMALL AMOUNT POR TRYP 225 
C*** THIS SAMPLE. TRYP 230 

DO 60 K-I,NV TRYP 235 
IF (TOT(K,I).EQ.0) GO TO 80 TRYP 240 

60 CONTINUE TRYP 245 
C*** R IS THE SUMMATION OF RESIDUALS FOR EACH VALIDATION SAMPLE TRYP 250 
C*** UR IS THE SUMMATION OF RESIDUALS IN THE BACK-TRANSPORMED DATA TRYP 255 

DO 70 IRs1,17 TRYP 260 
DO 70 K-I,NV TRYP 265 
HDATA(K,IR)-HDATA(K,IR)/TOT(K,IR) TRYP 270 
R(K,IR)-R(K,IR)+(NDATA(K,IR)-DATA(IPICK,K))* (HDATA(K,IR)- TRYP 275 

> DATA(IPICK,K)) TRYP 280 
IF (ITRAN.NE.0) UR(K,IR)-UR(K,IR)+(EXP(RDATA(K,IR))- TRYP 285 

> (EXP(DATA(IPICK,K))))*(EXP(HDATA(K,IR))-(EXP(DATA(IPICK,K)))) TRYP 290 
70 CONTINUE TRYP 295 

IF (IPRINT.EQ.0) RETURN TRYP 300 
XVAL-SIGN*X(IPICK) TRYP 305 
WRITE(6,10000)XVAL,¥(IPICK) TRYP 310 
WRITE(6,10100) (CODE(K),DATA(IPICK,K), (HDATA(K,IR),IR'l,17),K-1, TRYP 315 
> NV) TRYP 320 
RETURN TRYP 325 

80 CONTINUE TRYP 330 
RDISIRDIS*2. TRYP 335 
NTRYsNTRY+I TRYP 340 
WRITE(6,10200) RDIS,X(IPICK),¥(IPICK) TRYP 345 
IF (NTRY.GT.10) STOP I0 TRYP 350 
GO TO 20 TRYP 355 

i0000 FORMAT(IIH LOCATION: ,2FI0.3) TRYP 350 
10100 PORMAT(IX,A4,1X,18P7.2) TRYP 365 
10200 FORMAT(37H THE DISTANCE HAD TO BE INCREASED TO ,GI0.3, TRYP 370 

> 54H TO PICK UP AT LEKST I SAMPLE WITHIN RADIUS OF SAMPLE:, TRYP 375 
> 2GI0.3) TRYP 380 
END TRYP 385 


