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Foreword 

Several purposes are served by circulation of the r~sults of the Regional 

Unit Value study, participated in jointly by Bureau of Mi.neg personnel and 

personnel of the Kansas Geological Survey. 

L An indication is given of the sophisti«';ated work engaged in at the 

jointly sponsored seminar. 

2. Knowledge of the method of grid spacing may be useful in and of iu1::H 

for ~pplication to Bureau of Mines problems. 

3. From the method of grid spacing comes the application of trend surf ace 

charts, where the.layout of the mathematical or freehand curves has geographi~ 

significance. 

4. Contour charts have come of increasing use as tools of analysis of 

trends, which may have application to particular resource problems. 

5. The concept of regional unit value i~ a useful one and may furnish a 

basis of judgment of what returns will be obtained for a given investment in a 

particular region. In terms of Bureau of Mines pr.ojec::t~, the eoncept of region,11 

unit value may aid in consideration of mineral u~e~ of lmid, as compared with us~ 

for dwellings or for recreation. It may be useful lr:i estimation of the value of 

minerals lost if a given area is proposed to be flooded by a dam. In t~rms of 

program planning, it may be possible to estimate wh~t increase in value of output 

will result from a given expenditure of Bureau of Mine~ funds for a particular 

mineral resource project. 

6~ In terms of exploration policy, the regional unit value maps hav~ impo~t~nt 

signi:Hca:nce. Toe Pennsylvania. State Univeraity ha~ heeome so much interested :f.n 

regiond unit v~lue maps that Dre John C. Griff:i.th,J,who headed the study group 11t 

the joint seminar, has been granted special funds to prep~re 8 similar analysis 

for Penn~ylvania. It is the opinion of Dr. Griffiths th4t exploration program5 
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are in part held up for want of knowledge of the worth of any particular region 

so that if we had value maps for the United States we could make a good guess 

on any area which resembled, in geologic terms, some specific area in the United 

States of known value. 

7. In terms of national interests, Dr. Griffiths believes that a thorough 

knowledge of the natural resources of the United States is essential to national 

mineral planning policy and that the regional unit value maps on presently produced 

resources would be the first step. As time goes by, this point of view may become 

accepted federal policy and the Bureau of Mines could have substantial funds devoted 

to the project of determining regional unit values for all of the United States. The 

data for determining regional unit values would be available from the accumulated 

files of the Bureau of Mines. Thus potentially, the determination of, regional unit 

values could become a big endeavor for the Bureau of Mines. 

The explanation which I have prepared and the "bare bones" outline report 

prepared by the Kansas Geological Seminar are mostly all on methodology. For those 

who may at present or constructively may have interest in regional unit values, 

the detailed explanation of methodology may be of some interest and utility. I 

for one believe that the concept of regional unit values will become increasingly 

important not only for national mineral resource planning policy, and for planning 

exploration programs but also an analytical tool in consideration of the alternative 

use of land. 

This particular study, as well as the others comprising the seminar, did 

not result from any set program at the seminar. Rather it arose from a general 

discussion held at the beginning of the seminar, which determined what study groups 

were to be formed. The services of Dr. Griffiths, as well as of the other professors 

working with the seminar groups,were all provided by the Kansas Geological Survey, 
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through the interest and broad vision of the Associate Director of the Kansas 

Survey, Dr. William Hambleton. 

If there are any questions about methodology, please communicate with me. 

Division of Statistics 
Washington, D. c. 
April 18, 1966 

Arthur Berger 



REGIONAL UNIT VALUES 

Introduction 

The Kansas Geological Survey and the Bureau of Mines participated in 

a joint seminar on mineral resource problems during the period June 14-25, 

1965. One of the study groups formed under the leadership of Professor 

John C. Griffiths, head of the Department of Geochemistry and Mineralogy of 

the College of Mineral Industries, Pennsylvania State University, concerned 

the estimation of regional unit values, both on a unit area basis and on a 

unit volume basis. 

The study was purely exploratory. The results of the study group with 

respect to the charts were issued exactly as done by the study group, rather 

than after polishing after the seminar was finished. A general summary only 

of the procedures of the study was prepared as part of the results of the 

study group. Because the methods employed are complicated, it was believed 

that an elaboration of them would give more meaning to the results of the 

study group. 

The method of dividing the State into approximately equal areas by the 

use of grid coordinates is applicable to other states, as are the other 

methods employed. Because of the relatively uniform composition of the 

counties of Kansas, the grid coordinates method of apportioning the State 

may be relatively less troublesome than for other states where the counties 

are irregular in shape. For many states, the counties~ as political sub-
! 

divisions, vary considerably in areas covered. The study group indicates 

a method of utilizing county data to obtain a basis for values of minerals 

per unit of area and per unit of volume. 



ESTIMATION OF THE VALUE OF A UNIT OF LAND FOR MINERALS AND 

AGRICULTURAL PRODUCTS PRODUCED 

One of the topics which was covered in a study group of the joint seminar 

of the Kansas Geological Survey and the Bureau of Mines during 1965 was the 

estimation of the mineral value of a unit area of land of the state of Kansas. 

The study group was led by Professor John Griffiths, Head, Department of 

Geochemistry and Mineralogy, College of Mineral Industries, Pennsylvania State 

University. The methods developed are generally applicable to problems of this 

nature. A copy of the report is enclose~ after explanatory text. 

Because the methodology employed may not be fully comprehensible through a 

reading of the report, an exposition of the methods is offered herein. The 

analysis consisted of two parts, with the second being more interesting than 

the first. An estimate was made of the average mineral value of a square mile 

of Kansas. The mineral value estimated was the value based upon accumulated 

production in dollars to some specified data. This turned out to be $100,000 

per square mile. Then a projection was made £or a 20-year period and an estimated 

value of $120,000 per square mile was obtained. 

The more interesting part of the analysis is that portion of the study 

concerning the variability of mineral values on a county basis. The 105 counties 

of Kansas were arranged on a symmetrical grid of seven (7) tiers (rows) of counties 

from north to south and in 14 columns from east to west. Some counties were grouped 

together to make the cells of approximately equal size. The value per county was 

assigned to each grid intersection. See map of ~ansas attached. In terms of 

mathematical computation, there were a total of 98 points into which Kansas was 

divided. Seven different sets of data were obtained for each of these 98 points, 

and from these data a sixth degree equation was derived on the computer on a 

program already available at the University of Kansas. 
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If the map of Kansas is examined, it will be found that, except for~ few 

cases, the intersection of the grid lines define the coordinates of. a given county 

and may be used in mathematical analysis in place of the county. An illustretion 

of an eJ1:cept:f.on :ts th~ grid ~ocn:d.inates, 5, 1. By reference to Appendix Table 1 

(explain~a in detail later), it will be found that Johnson and Wyandotte countie€ 

are listed for these grid ~oorclinates. This is a case where two small count:f.es 

are grouped together. Thb oecun for eleven sets of grid coordinates. If a 

county was large 9 it would hav~ b~en assigned to more than one set of grid coordi­

nates in order to hav€ appro~imat•ly equ2l areas assigned to each grid coordinat~, 

Where a county would h2ve to b~ broken into segments, some estimation would of 

course be required. In the ca~~ of Kansas, all that was needed was the adding 

together of the data for the two counties grouped for each set of grid coordinates. 

In all cMes except the ~leven, there w~s a one to one correspondence between counties 

and one set of grid coordi.nates with the result that the data for each county are 

assigned math~matic~Uy i':o the appropr:l.ate set of grid coor-dinates. 

This typ~ of .,;.n.?>ly)ds produces a contour map of mineral value for the 

State of Kansas. The f~tted trend is thus a representation of the variation 

in mineral valu~ £Qr th~ diff~rent ~ounties. The method is ealled trP-nd surface 

analysis. 

The effort i~ thi~ r~g$rd was purely expl~ratory to detennine the feasibility 

of establi~hing v~bie. m~ps p~!' unit 8\rea (and per unit velum~). Th.e conclusion 

was reached that th~ approA~h is fe~~ible. Certain recommendations are made by 

the study g:roup for the: reHnement of the methodology. 

The study group selected seven (7) county variables for the equation to 

determine the variation in value per county. The report indicate~ ~leven county 

variables. However, aome of the eleven variables were derived from othP-r V?-ri,'1blf.., 

1. Total square miles of area was translated to thousand square mile:G and j ~ ""•'i 

a separate variable, 2. Thickness of sedimentary crust was obtained by subtra~t~~g 
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depth of basement below sea level feet from elevation of surface above sea level 

in feet and dividing the result by 5280 to translate the figure to miles. The 

report counted the two items of basement and elevation as two additional 

variables, 3. The data on square miles of irrigated land is not a variable used 

in the equation, although counted as a variable in the report. However, it was 

used in the calculations of the value of products from irrigated land. The total 

value of products due to irrigation has to be calculated upon the basis of 

available agricultural data. Thus the area of irrigated land has to be obtained 

for the State as basic data, but it does not appear directly in the equation 

for estimation of variation of mineral values·per county. 

The county variables actually used in the analysis were: 

1. Total Value of all Minerals in Million Dollars 

2. Value of Products from Irrigated Land in Million Dollars 

3. Crude Oil Production in Million Barrels 

4. Natural Gas Production in Million Cubic Feet 

5. Liquid Petroleum Gas Production in Million Barrels 

6. Area in Thousand Square Miles 

7. Thickness of Sedimentary Crust (explained above) in Miles 

These seven variables were utilized in a particular way for the trend 

surface analysis. The variables used in the mathematical analysis for the 98 

points were as follows: 

I. County total value of all mineral products per 1000 square miles (Item 

1 divided by Item 6) 

II. County value of the total of all minerals and of agricultural products 

due to irrigation per 1000 square miles (Sum of Item 1 and 2 above divided by Item 

6) 

III. County value of oil, natural gas, and liquified petroleum gas per 1000 

square miles (Sum of value of Item 3, 4, aad 5 divided by Item 6) 
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IV. County value of all minerals and of agricultural products from irrigated 

land less value of oil, natural gas and LPG production per 1000 square miles. 

(Sum of Item 1 and 2 above less sum of value of Items 3, 4, and 5 divided by 

Item 6) 

V. County agricultural products value due to irrigation per 1000 square 

miles (Item 2 divided by Item 6) 

VI. County value of minerals and agricultural products due to irrigation per 

1000 cubic miles (Item II (already in area units) divided by Item 7 to translate 

numbers to unit volume basis). 

The value of products from irrigated land is included by the study group 

because water is regarded as a mineral resource. This value of products from 

irrigated land is a derived figure, and was calculated from the available 

statistics on agriculture. The calculation of the wealth added to the land 

because of the use of water is an interesting and sophisticated facet in the 

derivation of the mineral worth ef land by county. 

As indicated above, Kansas was divided lnto 98 grid intersections. The six 

derived value figures for each county was assigned to each appropriate intersection 

of the map of Kansas, and was the ,tfasic data which were fed into the computer for 

the mathematical derivations. 

The partitioning of Kansas into grids which gave an x and y ordinate for 
) 

each county (or county group) is a key device of the study group in obtaining a 

mathematical formula for the variation in mineral values by county. This 

technique is applicable to other states. The data for the seven variables for 

each county were obtained from different sources. After the data for each county 

are obtained and are translated into the form for use in the calculations (Items I 

through VI above) the values are assigned each of the grid coordinates by use of 

the appropriate grid numbers for each county. The first two columns of Appendix 
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Table 1 are the x and y grid coordinates. The basic data are shown for each 

grid coordinate in Appendix Table 1 and the notation used is A, B, C, D, and G. 

Appendix Table 2 is the same data as Appendix Table 1, only organized 

alphabetically. 

Because of the sequence of work, the explanation herein given jumps to 

Appendix Table 5. Appendix Table 3 is explained as part of the explanation 

for Appendix Table 7 for which the thickness of the sedimentary crust is 

calculated for obtaining data on a cubic mile basis. Appendix Tables 3 and 4 

are related to Appendix Tables 1 and 2 in that they represent basic data for 

each county or county group. 

The value of minerals per 1000 square miles is derived as follows, using 

the basic data in Appendix Table 1. The values are shown in Appendix Table 5. 

Thus for Cheyenne County, which is the county in the upper right hand corner 

of the State, the grid coordinates (see map) are 7 and 14. (See columns x and y 

of Appendix Table 1 for Cheyenne County). The total value of minerals for the 

chosen year (1960) was .055 million dollars (Column B of Appendix Table 1) and the 

area in thousands of square miles 1.008. (Column A of Appendix Table 1· in square 

miles divided by 1000). Division of ~055 million dollars by 1.008 gives the 

value of minerals for Cheyenne county as 0.054563 million dollars per 1000 

square miles. Rawlins is to the right of Cheyenne. Rawlins county has the grid 

intersection of 7 and 13 (See map and columns x and y for Rawlins County of 

Appendix Table 1). For Rawlins county, the value of minerals was 1.569 

million dollars (Column B, Appendix Table 1) and the county has 1.064 thousand 

square miles of area (Column A, Appendix Table 1 divided by 1000). The value in 

million dollars of all mineral production per 1000 square miles is 1.569 divided 
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by 1.064 or 1.474624 million dollars per 1000 square miles. This same procedure 

was followed for all counties or groups of counties prepared. As indicated, 

under the procedure no more than two counties were grouped together. In the 

report the value for minerals per 1000 square miles is shown in Appendix Table 5. 

The notation for the computer was Z (1). See the Z(l) column for x and y coordinates 

of 7, 14 and 7, 13, in Appendix Table 5 for Cheyenne and Rawlins Counties. 

Cheyenne and Rawlins Counties are the first two counties listed in Appendix 

Table 5. They are indicated by reference numbers 1 and 2 of which there will be 

an explanation below. 

In Appendix Table 5 as well as for the succeeding Appendix table through 11 

the study report shows the values per square mile rather than per 1000 square miles. 

The interpretation was made that the area was scaled down by taking .001 of the area. 

Thus the data in Appendix Tables 5 through 11 may be viewed as either the values 

per 1000 square miles or cubic miles, or in square miles or cubic miles (scaled). 

Had the division of the values in millions of dollars been by square miles, the 

data would of course have shown more zeros after the decimal point. Alternatively 

to expressing the data in millions of dollars, another approach could have been 

to have expressed the data in thousand of dollars per square mile. 

The explanation for each of the appendix tables will be in terms of division 

by thousand of miles, for ease in reference. However, it should be understood 

that the translation has to be made to view the area as scaled by a factor of .001, 

in the notation for the Appendix Tables 5 through 11. 

The next step in the analysis is to obtain the values for each county 

or county group with its appropriate grid notation for the combined value of minerals 

and value of agricultural products due to irrigation per 1000 square miles. These 
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numbers are shown in Appendix Table 6. The computer notation is Z(2). For Cheyenne 

County in Appendix Table 1, we find that the value of agricultural products due to 

irrigation in millions of dollars (Column Don Appendix Table 1) is .138. The 

mineral product value as indicated above (Column B of Appendix Table 1) is .055 

million dollars. This gives a total of .193 million dollars for both combined. 

If this is divided by 1.008 (Column A of Appendix Table 1, divided by 1000 or 

multiplied by .001 as explained above) the value per square milt in millions 

of dollars is .191468. This number is found in Appendix Table 6 for the first item 

in the table for the coordinates 7 and 14, which are the coordinates for the grid 

for Cheyenne County. For Rawlins county, with the grid coordinates of 7 and 13j 

Appendix Table 1 shows .040 million dollars of agricultural products from irrigatea 

land, (Column D) and 1.569 million dollars for mineral products (Column B) or a 

combined total of 1.609 million dollars. The square miles of area is 1064 

(Column A) of 1.064 thousand square miles. The result of dividing 1.609 million 

dollars by 1.064 is 1.512218 million dollars per 1000 square miles or per square 

miles (scaled). This result is shown as the second item for the coordinates 7, 13 

coordinates in Appendix Table 6. 

Column C is also on Appendix Table 1 but it was not used directly for the 

computer analysis; it was required to obtain the total value of agricultural 

products due to irrigation. The numbers in Column Care the square miles of 

irrigated land by county for Kansas thus no reference is made above to Column C 

for Appendix Tables 1 and 2. 

Appendix Table 3 contains additional basic data for each county, the 

quantity of production of crude oil, natural gas and liquid petroleum gas. Crude 

oil production is labeled Column E, natural gas production is labeled Column F, and 

LPG production is labeled Column Gin Appendix Table 3. 
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The values of oil and gas and LPG production are calculated from the basic 

data for Appendix Table 3 and are given in Appendix Table 7. In computer notation 

the value of oil, gas and LPG production is given the symbol Z(3). Let us take the 

same two counties again, Cheyenne and Rawlins, and trace how the numbers were 

derived by use of Appendix Table 3 for Appendix Table 7. The last colunm of the 

Appendix Tables 3 and 7 contains the numbers indicating the order of the counties. 

In Appendix Table 1, which is in the same reference order number, it will be 

found that Cheyenne County (grid coordinates of 7, 14) was given reference number 1, 

and is listed first. See last colunm of Appendix Table 1. Rawlins County was 

given the reference number 2 and is second on· Appendix Table 1. Thus, although 

the grid coordinates are not shown on Appendix Tables 3 and 7, they are there 

by implication through the reference number column, the last column on Appendix 

Table 3 and 7. By reference to Appendix Table 3, it is seen that Cheyenne County 

has no oil production (Colunm E) and no liquified petroleum gas production (Column 

G). Its production of natural gas in 1960 (Column F) in millions of cubic feet was 

0.014. (See Column F, Reference number 1, on Appendix Table 3). This was valued 

at a price of $0.11 per cubic feet. The multiplication of 0.014 by 0.11 gives 

.00154 million dollars and this divided by the area of 1.008 thousand square miles 

gives the value in millions of dollars per 1000 square miles (or per square miles 

(scaled) of 0.001528). See Appendix Table 7 for value of production for reference 

number 1 for Cheyenne County. 

According to Appendix Table 3 for reference Number 2, Rawlins County had no 

natural gas (Column F) or liquified petroleum gas production (Column G), but 0.545 

million barrels of crude·oil (Column E) was produced in 1960. (See Column E in 

Appendix Table 3 for reference number 2). This production is valued at $2.85 a 

barrel. When 0.545 million barrels is multiplied by $2.85 and divided by 1.064 (area 

in thousand square miles), the value in millions of dollars per 1000 square miles or 

per square mile ( scaled) is 1.459821. (See Appendix Table 7 for reference number 2 
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for Rawlins County). 

Column G of Appendix Table 3 is the 1960 production of liquified petroleum 

gases in millions of barrels. (The unit of production for this product is 

different from that used in the Mineral Year Book which is in thousands of gallons). 

Only certain counties have LPG production. By reference to Appendix Table 3, 

it is noted that the county with reference number 47 has LPG production. This 

county also has crude oil and natural gas production. By reference to Appendix 

Tables 1 and 2 it is found that this is Rush County, reference number 47, with the 

grid coordinates 4,10. The price per barrel of LPG at which the production was 

valued, was $1.85. Rush County has 719 square miles of area (Column A of Appendix 

Table 1), or .719 thousand square miles. The Rush County production of crude oil 

in millions of barrels is .301; the production of natural gas in millions of cubic 

feet is 1.681 and the production of LPG in millions of barrels is .010. If these 

productions are multiplied by $2.85, $0.11 and $1.85 respectively, and then the 

sum of the products is divided by .719, the resultant value in millions dollars 

per 1000 square miles or per square mile (scaled) is $1.476022. This is the number 

shown in the Z column for reference number 47, Appendix Table 7. 

Kearney County, reference number 58, grid coordinates 3, 13, is worked the 

same way. It will be noted that Appendix Table 7 shows 9.924935 for this county. 

This high value for the fuels results from a very large quantity of the natural 

gas production for this county. 

In Appendix Table 5, 6, and 7, the value of mineral products per 1000 

square miles, the combined value of mineral· products and value of agricultural 

products resulting from the use of irrigation water per 1000 square miles, and 

the value of the fuels per 1000 square miles are stated for each set of grid 

coordinates which thus covers all the counties of Kansas. All of the data for eacr­

county in these tables are derived as explained above. 



Appendix Table 8 is deriYed from Appendix Tables 6 and 7. For each grid 

coordinates the value of the oil, gas and LPG production shown in Appendix 

Table 7 is subtracted from the value of all mineral products, including the value 

of products coming from the use of irrigation water, shown for the grid coordinates 

in Appendix Table 6. 

For Chey!lffine County, the total value of minerals and agricultural products 

due to irrigation is 0.191468 million dollars per 1000 square miles (Appendix 

Table 6 reference number 1). The value of the fuels production is 0.001538 

(Appendix Table 7, reference number 1). If the fuel value is subtracted from the 

total mineral value the result is .189940, the first figure shown in Appendix 

Table 8 for reference number 1. The computer symbol for these values is Z(4). 

Appendix Table 9 comes from Appendix Table 1. The value of agricultural 

products due to irrigation shown in Column Din Appendix Table 1 is divided by 

the area shown in Column A of Appendix Table 1, expressed in thousands of square 

miles. Thus for Cheyenne County, .138 (reference number 1, Column D of Appendix 

Table 1) is divided by 1.008 (Column A of Appendix Table 1 divided by 1000) 

to obtain the value of agricultural products per 1000 square miles. This value 

has been given the symbol Z(5) for the computer. In Appendix Table 9, the 

result 0.136905 is shown as the first item, reference number 1 for grid 

coordinates 7,14. 

As indicated before, the variable Z(6) failed to run on the computer and 

was subsequently omitted. Only Z(7) was used by the computer in terms of a 

cubic miles value variable. The numbers for Z(6) are in Appendix Table 10 and 

for Z(7) in Appendix Table 11. Both tables are expressed in terms millions of 

dollars per 1000 cubic mile or per cubic mile (scaled). Appendix Table 10 

gives the value of minerals (not including the value of agricultural products­

due to irrigation) in million of dollars per 1000 cubic miles or per cubic mile 



scaled). Appendix 11 includes both the value of minerals and the value of 

agricultural products due to irrigation per 1000 cubic miles(or per cubic mile 

(scaled)).. 

The technique for cubic mile analysis is derived very interestingly. The 

values per 1000 square miles (or square mile (scaled)) are divided by the thickness 

of the sedimentary crust for each of the grid coordinate intersections (county or 

county group) into which the State was divided. For each county, figures were 

obtained on the elevation of surface above sea level in feet and the depth of the 

basement below sea level in feet. The difference between the two is then divided 

by 5280 to get the thickness of sedimentary crust in miles. It will be recalled 

that figures had already been obtained on the square mileage of each county or 

county group. 

The numbers for the calculation of the thickness of sedimentary crust are 

shown in Appendix Table 4. 

Again for Appendix Table 4, the reference to the grids is obtained by the 

reference number shown in the last column of Appendix Table 4. The elevation 

above sea level is the column marked ''E" and the Depth of Basement is the column 

marked "F". Although the notation ''H" and "I" are used on page 4 of the report 

to refer to these two sets of data, the appendix table does not use this notation. 

Since the depth of basement numbers are negative, the effect of the formula 

of substracting the basement number from the elevation number is to add the 

two numbers together to get the thickness of the sedimentary crust. 

The source of these numbers is of course, from the geological information on 

the structure of Kansas. The study thus welds together geologic data with 

minerals data as well as agricultural data. Again the numbers are assigned to 

each set of grid coordinates representing all the counties of the State. 
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For Cheyenne County the average elevation is 3400 feet (column E, 

Reference No. 1 Appendix Table 4) and the basement depth is minus 2050 feet 

(Column F, Reference No. 1 Appendix Table 4) or a total thickness of crust of 

5450 feet. If this is divided by 5280 feet, the thickness in miles is 1.032197. 

From Appendix Table 5, the value of minerals in millions of dollars per 1000 

square miles or per square mile (scaled) is 0.054563 for Cheyenne County, (reference 

number 1, grid coordinates 7, and 14). This number, divided by 1.032197, gives 

a value in millions of dollars per 1000 cubic miles or per cubic mile (scaled) of 

.052861. (Appendix Table 10 shows the number as .052862). 

For Rawlins County, reference Number 2, grid coordinates 7, 13, Appendix 

Table 4 shows elevation 3000 feet and basement depth of minus 2000 feet. The 

thickness of the sedimentary crust ia therefore 5000 feet. In terms of mileage, 

the thickness is .94696966. Appendix Table 5 showed, for Rawlins County, the value 

of minerals to be 1.474624 million dollars per 1000 square miles or per square 

mile (scaled) (Reference No. 2, grid coordinates 7,13). If this number is divided 

by the ·thickness factor, the value of minerals in millions of dollars per 1000 cubic 

miles or per cubic mile (scaled) is 1.557203, which is the number shown in 

Appendix Table 10 for reference Number 2, grid coordinates 7, 13. The computer 

symbol for this factor is Z(6). 

The total value of minerals and of agricultural products due to irrigation 

per 1000 cubic miles is computed in the same way. For Cheyenne County, reference 

Number 1, Appendix Table 6 shows .191468 million dollars per 1000 square miles. 

If this is divided by the thickness factor, 1.032197 (see above), the result is 

.185496 million dollars per 1000 cubic miles or cubic mile (scaled). This is 

the figure shown for reference Number 1 for Appendix Table 11. For Rawlins County, 

the value per 1000 square miles shown in Appendix Table 6 is 1.512218. If this is 



divided by the thickness factor, .94696966 (see above), the value in millions 

of dollars per 1000 cubic miles or per cubic mile (scaled) is 1.596902, which 

is shown for reference Number 2 in Appendix Table 11. 

The computer symbol for this factor is Z(7). Appendix Table 12 shows the 

computer program written for this trend surface analysis. 

After the Z variables have been obtained for each grid coordinates, the 

98 grid values can be changed in order by having all the data for 1,14; 2,14; 

3,14; 4,14; 5,14; 6,14 and 7,14 arranged together. The numbers for the Z(l) 

variable are shown in this way on Figure 1. Figure 1 has seven sets of numbers 

horizontally opposite particular values of Y. The Y scales have been interpola~ed. 

Across the paper against 14 on the Y scale are shown the numbers 1693, 350, 5~, 1 1 7, 

35, and 5. These numbers all come from Appendix Table 5. For a y of 14 and an 

x of 1, the Z value shown is 16.938718. The figures on the table have been 

multiplied by 100 from millions to hundred millions. Therefore the plotted figure 
X y 

for 1,14 (Morton Cotmty) is 1693. For an x of 2 and a y of 14, Stanton County, 

the Z value shown on Appendix Table 5 is 3.502190 or if multiplied by 100, the 

result is 350. For an x of 3 and a y of 14, Appendix Table 5 shows 0.536585, or 

multiplied by 100, the result is 53. Other values for this y line of 14 are 

obtained in this way. 

Other lines of values are found the same way. The 12 line is not posted exactly 

against the quantity 12.00 on they scale. For the 12 line of Figure 1, the 

values are obtained for an x of 1,2,3, etc, with a y value of the grid coordinates 

of 12. For example, from Appendix Table 5 it will be found for an x of 1 and a y 

of 12, the value of Z(l) is 9.395023, or multiplied by 100, the result is 939. 

This is the number posted as the first item on the 12 y line on Figure 1. 
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The numbers for Figures 4,7,9,11, and 14 are derived the same way. The source 

of the numbers for Z(2) in Figure 4 is Appendix Table 6. The numbers for Figure 

7, for Z(3) come from Appendix Table 7. The numbers for Figure 9 for Z(4) come 

from Appendix Table 8. The numbers for Figure 11 for Z(5) come from Appendix Table 

9. The numbers for Figure 14 for Z(7) come from Appendix Table 11. 

All the numbers on each of these figures comes from these appendix tables 

and are raised by multiplication by 100 to get rid of the decimal, except figure 11 

for which the numbers from the Appendix Table 9 are multiplied by 1000. 

Thus all the above indicated six charts, 1, 4, 7, 9, 11 and 14, have the 

original data raiaed by 100 or 1000 on the charts. Figures 1, 4, and 14 as well 

as Figure 6 (and Figure 16 explained below) also have some free hand contours drawn 

on the charts. These will be explained below. 

For easier understanding, the numbers on Figures 3, 6, 13, and 16, are explained 

next. These charts all have a listing of residuals, based upon the mathematical 

curves shown in the remaining figures. The trend surface charts and the free-hand 

contour lines will be explained as one unit after the explanation of the residuals. 

Figure 3 is the listing of the deviations of the mathematical curve from the 

actual mineral values. There are a string of plus and minus numbers across the 

page at they ordinates of 14, 13, 12, etc. In place of the scale above the numbers, 

the x ordinates of 1, 2, 3, 4, S, 6, and 7 may be substituted. Thus, plus 71 applies 
X y X y 

to grid coordinates 1,14; minus 989 applies to 
X y 

grid coordinates 2,14; minua 237 

applies to grid coordinates 3,14; ••······••··••• and minus 142 applies to grid 
X y 

coordinates 7,14 •.. With the grid identification of the residuals, the counties 

involved are clearly defined. As explained below these residuals represent 

numbers to the 104 power (except for chart 14 which has numbers to the 103 power). 

Thus 989 represents $9,89J,OOO; 142 represents a residual of $1,420,000. 
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The arrangement of the residuals is on the same basis as the numbers on 

Figures 1, 4, 7, 9, 11 and 14. The mathematical value was obtained for each 

set of grid coordinates and the residuals for each set of grid coordinates were 

arranged in the same way as the above indicated charts. Thus the residuals 

were lined up for each x ordinate applying to the same y ordinate. The chart 

thus has the different x ordinates 1, 2, 3, 4, 5, 6, and 7, on one line against 

a specific y ordinate such as 14, 13, 12, 11, etc. The highest y ordinate is thus 

as the top of the chart. 

As indicated above, the grid coordinates 1, 14, refers to Morton County. This 

may be verified by checking the map and also referring to Appendix Table 2, where 

the counties are arranged alphabetically. For Morton County, (grid coordinates 

1, 14), the actual mineral value was 1693, as explained above. The mathematically 

determined value was 1622 or a difference between the actual and the computed 

of plus 71. For Stanton County (grid coordinates 2,14), the computed was considerably 

in the excess of the actual. The subtraction of the computed from the actual 

resulted in a large negative difference, indicating that the actual was 989 less 

than the computed. 

For Hamilton County (grid coordinates 3,14), the actual was 53. It should 

be noted that the trend surface chart Figure 2 shows that the G cross-hatch and 

the ''H" cross-hatch (explained below), come into this grid area. However, the 

mathematical value for the 3,14 coordinate is in the 300 range. The result is 

that the actual is less than the computed by 237. 

There was a large underestimate of the mineral values by the mathematical 

equation for soae counties. Take Ellis County, (grid coordinate 5,10). The 

actual is 3591 (See Appendix Table 5). The deviation or residual is an excess 

of the actual over the computed of 2078. In dollars this represents an excess 

of actual over the computed of $20,780,000, (See explanation of values below). 

The residuals for all counties in Figure 3 are calculated this way and the 

r id 1 i f Fi 6 13 d 16 The contour lines on es ua s are calculated th sway or gures , , an • 
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Figures 6 and 16 will be explained later, along with the contour lines on 

Figures 1, 4, and 14, mentioned above. 

To explain the geographical significance of the values as placed on the 

Figures 1, 4, 7, 9, 11 and 14, and Figures 3, 6, 13, and 16, the effect of going 

from 1 to 7 across the page for the given y coordinate is to go from south to 

north up the State of Kansas and from west to east. For example, for they 

coordinate_l4, the counties for the x ordinate 1, 2, 3, 4, 5, 6, and 7 are 

as follows: 

See map and Appendix Table 2 

Name of County Grid Coordinates 

Morton 1,14 

Stanton 2,14 

Hamilton 3,14 

Greeley 4,14 

Wallace 5,14 

Sherman 6,14 

Cheyenne 7,14 

In Appendix Table 2, the counties are arranged alphabetically and it will be 

seen that these counties have the indicated grid coordinates. 

~igures 2, 5, 8, 10, 12 and 15 are charts of the mathematically derived trend 

surfaces. If each of these figures is turned on its side, the relationship to the 

map of Kansas is as above that one is going from south to north and from west to 

east. It will be recalled that the charts with the numbers across the page at 

each coordinate such as Figure 1, 3, etc. were explained as arranging the x 

coordinates for any particular y coordinates fcom 1 to 7, and that furthermore 

the effect of this arrangement is go from south to north and from west to east, 

geographically. The mathematically derived tread surface have the same geographic 

reference as the source charts, figures 1, 4, 7, 9, 11 and 14, and the residual 

charts, figures 3, 6, 13, and 16. 
16 



Thus for any trend surface chart a line drawn from the upper right hand 

corner to the lower left hand corner is to go geographically from the northwest 

corner of the state to the southeast corner of the state. For the trend surface 

chart, the use of the grid coordinates has a geographical meaning as well as a 

mathematical meaning. This arose because the counties were assigned grid 

numbers and each value was taken mathematically as the intersection of particular 

grid coordinates which had geographic significance. 

The trend surface charts have significance with respect to the trend of 

comparable mineral values. A belt of a particular value level is traced 

mathematically (geographically) across the State, in accordance with the facts 

obtained for all the counties. 

The value levels are indicated by the different cross-hatchings of the trand 

surface charts. 

Figure 2 is the first of the trend surface charts attached to the report of 

the study group. As indicated above, the chart, to be read properly, should be 

turned on its side. The various cross-hatching legend indicate different value 

levels. North is at the top of the chart, the west is to the left. The cross­

hatching for this chart shows "D", "E", "F", "G", ''H", "I", "J" and ''K". This 

chart is the trend surface mathematically determined for the value of minerals 

(not including the value of agricultural products due to irrigation) per 1000 

square miles. The source of Figure 2 is Appendix Table 5. It has already been 

indicated that the data on Appendix Table were rearranged so that one would have 

all the values pertaining to a particular y ordinate of the grid coordinates in 

one line going across the page, or if the chart is turned on its side, going from 

the x ordinate 1 at the bottom and proceeding to 7 at the top. It will be 

recalled that this was the arrangement for Figure 1 where the numbers were shown 

across the page. The deviations were shown across the page in the same manner 

for Figure 3. 
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The mathematically derived chart is arranged the same way. The geographic 

interpretation given above stems from this arrangement of the data for the 

various grid coordinates. This principle of arrangement applies to all the 

mathematically derived trend surface charts, which are, in addition to Figure 2, 

Figures 5, 8, 10, 12, and 15. 

One final note of recall about Figure 2 is that it was stated above that the 

numbers for Figure 1 derived from Appendix Table 5 were multiplied by 100 to get rid 

of the decimals. Figure 2 follows the same procedure. The values on the chart are 

4 to interpreted as numbers to the 10 power or in ten thousand of dollars rather 

than millions of dollars. The resultant dollar figure is the same--i.e., .43 

times 10
6 

is the same as 43 times 104 or $430,000. 

It will be noticed that Figure 2, a mathematical trend surface chart, has 

numbers along side each set of cross-hatching. The numbers are not shown on any 

other contour chart but apply the same way to all the mathematically derived 

contour charts. All numbers are therefore in 104 power. The chart is read by 

adding the numbers for the cross-hatch to $350,000 (.35 times 106 or 35 x 104). 

The dollar figure $350,000 represents the base or O contour. 

To procede up the scale, 23 plus 35 equals 58 times 104 or .58 times 106 

dollars or 580,000. Twenty-five plus 35 equals 60 or $600,000. It is noted that 

the range for the intervals is $20,000. The average for this particular range is 

thus $590,000. This represents the maximum average value to which the fitted sixth 

degree polynomial reached. Thus the cross-hatch "D" is the maximum range obtained 

from the fitted data. 

The value meaning of the cross-hatches are as follows: 

Type of cross-hatch 
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represented 



D 23 to 25 $580,000 to $600,000 

E 15 to 17 $500,000 to $520,000 

F 11 to 13 $460,000 to $480,000 

G 7 to 9 $420,000 to $440,000 

H 3 to 5 $380,000 to $400,000 

I -1 to 1 $340,000 to $360,000 

J -3 to -5 $300,000 to $320,000 

K -7 to -9 $260,000 to $280,000 

As stated above $350,000 was the mathematical base for the charts. It is 

noted that for cross-hatch "I", the average of ·the interval range is'zero and 

average dollar value for the interval range is $350,000. The width of each 

interval is 2 times 104 or $20,000. Although the legend for each cross-hatch 

the 

is not shown on the mathematically derived trend surface charts other than Figure 2 

the meaning of the trend surfaces is indicated by the cross-hatch letter used. 

At the top of each mathematical legend chart, 35 is shown at the top of the 

page as the reference contour and 2 is shown as the contour interval. 

Figure 2 as well as all the other mathematically derived charts is based 

upon a sixth degree polynomial. By reference to Figure 3, it is clear from 

the residuals from the mathematical trend surface that the sixth degree surface 

does not go high enough for some county values. Ellis county, reference number 
X y 

33, grid coordinates, 5,10 had a value of minerals of almost $36,000,000 per 
X y 

1000 square miles. Barton County, reference number 48, grid coordinates 4,9, 

had a mineral value of $34,000,000 per 1000 square miles. These high mineral values 

were reflected in large excess of the actual over the computed. If reference is 

made to Figure 3, it will be found that at the 10 y coordinate line, counting over 

5 (x coordinate), the residual was 2078 times 104 per $20,780,000. For Barton County 

at the 9 y coordinate counting over 4 (x coordinate), the residual was $20,000,000. 

It is clear that for Kansas, the surface is more complex than can be fitted 

by a sixth-degree polynomial. The large residuals show this. Accordingly, the 
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study group had riacommendationi; fo!" changing the p!'ocedure :ln order to reduce 

th~ deviat.i.nns from the computed, t"lr to state i.t differently to reduce the 

une.xplained variation in th~ county 11Jni.t values. 

Fignr~e 2, 5, 8. \O~ 12, an.d 15 were all prepat·ed the same way. 

Figure 5 is mathem.aticall.y dedvoed from Appendix Table 6 which is the 

combined value of minerals ;Jnd vaJ.ue of agricultural products due to irrigation 

per 1000 ,square mUe8 ~ Z(2). F:i.gur·e 8 is mathematically derived from Appendix 

Table 7 on the V9.lue of crude <>U, na.tural gas and liquified petroleum gas per 1000 

square miles, Z(3). figure 10 is derived from Appendi.x Table 8 on the value of 

mineral products less the. value of oil, gas and LPG production, 2(4). Figure lZ 

is derived from Appendix Table 9 on th~ value of agri~ultural products due to 

irrigation per 1000 euhfc mill",$. 2(5) ~ Figure 15 is der.bred from Appendix Table 11 

on. the vaJ.~e of mtnera.l Jn:·01,:h1cti:. and the agricultuTal pr.ocl:ucts due to irrigation 

per 1000 cubic mU~s:. 2:(7)" No chart fa given for Appendfx Table 10 whi.ch is for 

the Z(6) vc1.rtable, (the qc1lm' of mim~rals per unit volume) which did not run on the 

computer and was dropped" ln othe~ words Figures 2, 5, 8, 10, 12, and 15 are the 

mathematic:c:lly derived trend sur·face charts for Z(l), Z(2), Z(3), Z(4), Z(S), and 

Z(7) variables obtai.ned fm'!l, the indicated appendix tables. Figures 5 and 15 are 

for the same combined values of mlneral products and agricultural products due to 

irrigation" Fi.gure 5 is on a unit area basis and Figure 15 is on a unit volume 

basis, and the two charts have sonre differences in the mathematical trend surface 

patterns. 

F::lgures 2, 3, and 15 include the value of the crude oil, natural gas, and 

liquified petroleum gas. Figure 8 is the trend surface pattern of the value of 

crude oil, natural gas and li.quified petroleum gas. It will be noted from a 

comparison of Figures 2, 3, and 15 with Figure 8 that the tl'.'end surface pattern of 

the three charts tend to follow the pattern for the value of crude oil, natural 

gas and liquified petroleum gaR for the state of Kansas. As entirely different 
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pattern is found when the value of minerals and agricultural products is 

shown exclusive of the value of the fuels. See Figure 10 as compared to 

Figures 2, 5, 8, and 15. Figure 12 is the trend surface pattern for the 

value of agricultural products due to irrigation per unit of area, and is 

completely different. 
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The conclusion about the effect of the petroleum resources is highlighted 

by the study group, as it is a predominant effect for the state of Kansas. 

The areas that have produced least in terms of mineral resources and are 

indicated in the trend surface charts are: 

(1) The northwest region 

(2) A north central and north eastern region 

(3) A region in south-central Kansas 

Figure 10 is the contour chart for the value of minerals and agricultural products 

deducting the value of petroleum, gas and LPG. By reference to Appendix Table 8, 

the source of the data, it is seen that the data vary from .01 to 12 (in terms of 

millions of dollars). By contrast the range for the value of minerals and agri­

cultural products including the value of petroleum, gas and LPG as seen from Appendix 

Table 6 varies from .01 to 35.9 (in terms of millions of dollars). The result is 

that the contours on Chart 10 spread apart and the changes in values are much less 

steep. The contour interval of $20,000 is perhaps too large for resolving detail. 

Figure 12 is the mathematical derived trend for the value of agricultural 

products, with the basic data coming from Appendix Table 9. The variation in the 

data is only from 0,,to 2.8. In plotting the data on a geographic basis, as for 

the other variables, the numbers were multiplied by 103 rather than 102 as for the 

other charts. These numbers are shown on Figure 11. Figure 12 is the mathematically 

derived trend from these data as organized on Figure 11. The chart is to be inter­

preted as having only one contour line, with all the other area of the state having 

no contour. The zero contour cross-hatch or "I" is shown for the rest of the state. 

The blank space on the chart indicates the portion of the state where the value of 

agricultural products due to irrigation was more than 2 million dollars. By reference 

to Appendix Table 9, it is found that the grid coordinates for these counties were 

2,14; 2,13; 3,12; and 4,13. These grid coordinates place the counties represented 

in approximately the indicated position on the mathematically derived trend-surface 

chart. 22 



Charts 1, 4, 6, 14, and 16 have previously been referred to and contain 

numbers which are either the original data or the residual from the mathematically 

determined trend surfaces. On these chats are freehand contour lines. These lines 

represent approximately equal values as are indicated approximately by the data 

from the appendix tables (or the residuals) which are shown across the page. The 

contour lines, just as the mathematically determined trend surfaces come from the 

values which ware found as the basic data (or residuals from the computed numbers) 

for each county or county groups. As was indicated previously, the numbers on these 

charts have geographical significance as well as magnitude. The geographical 

significance comes from the grid coordinates which are related to the map of Kansas. 

It has already been indicated that by arranging the magnitudes in such a way that the 

1, 2, 3, 4, 5, 6, and 7 x ordinate of each number is on the same line as they ordinate 

one is going diagonally from the northwest corner of Kansas to the southeast corner, 

if the chart is turned on its side. 

The freehand contour chart for Figure 14 is incomplete. The study group found 

the freehand contours on a cubic mile basis sufficiently similar to the freehand 

contours on a unit area basis and therefore discontinued the contouring. 

As was indicated above, a sixth degree polynomial fitted to the data was used 

for the charts. As part of the mathematical work, polynomials of the first, second, 

third, fourth and fifth orders were fitted for each of the variables, as well as the 

sixth order polynomial. The mathematical measure of the percentage of explained variance 

is given in Table 5. The first column, unlabeled in Table 5, is the degree of the 

polynomial. The other column headings indicate the Z factor and the percentage of 

variance explained is thus given for each Z factor for each degree of the equation. 

A first degree equation explains only 7% of the variance for the combined value 
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of minerals and agricultural products per unit volume (Z(7)). However, a 

sixth degree equation for that factor explains 41% of the variance. The same 

values on a unit area basis (Z(2)) have 45% of the variance explained by a sixth 

degree polynomial. The percentage of variance explained climbs with the degree 

of the ~quation, but as indicated previously, there are some wide differences between 

the trend surface value, mathematically derived, and the actual, even with a sixth 

degree equation. 

In the recommendation for the future work, the suggestion was made that the 

grids should be more carefully designed to follow the parallels of latitude. It 

was also suggested that two tiers of counties in the adjoining states should be 

added to insure that the mathematical boundary effect does not distort the trends 

for Kansas. 

Another recommendation was that one new variable should be added, a measure of 

the intensity of exploration effort. If this recommendation is practical for 

other states, then eight sets of variables would be avail~ble for each set of grid 

coordinates representing the counties. 

Other recommendations concerned the possibility of performing the analysis at 

two-year intervals, the possibility of obtaining data for a long term period for 

more commodities, and a detemination of whether the transformation of the data to 

logarithms aids the mathematical fit, and whether the computation of trend surface 

are necessary for all the variables. 
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Problem III 

ESTIMATING REGIONAL UNIT VALUE 

Participants 

John Griffiths 

George S. Koch, Jr. 

Henry Meeves 

Allison Hornbaker 
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ESTIMATING REGIONAL UNIT VALUE 

Since one of the most important items in determining the orderly development of a region is its 

estimated worth, it was considered pertinent to estimate the value of a unit volume of the earth's crust 

underlying the state of Kansas. When this is known, appropriate limits for investment in exploration and 

development may be set. 

It is, at present, impossible to determine that any region is completely depleted so that the value 

estimated in this research represents the value based on the accumulated production in dollars to some 

specified date. 

As afirst approximation an estimate of the value per unit area, e.g., per square mile, maybe ob­

tained from data based on the whole State for the period 1880-1963 by dividing the accumulated dollr:r 

value of all mineral industries resources to date (=$8,838. 8 x 10
6

) by the total area of the State (82,276 

square miles). This procedure yields the estimated average value per square mile of Kansas to be $100,000. 

As a second step the value of the production from _1880 to 1960 was projected on the basis of re -

sources which could be produced at present rate of production in the 20 year period 1960-1980, and this 

yields a figure of value per square mile of Kansas for the period 1960-1980 of $120,000. 

The thi!'d step was to examine the variability of value per square mile for the state of Kansas; this 

step was carried out on a county basis. The 105 counties of Kansas were arranged on a symmetrical 

orthogonal grid of 7 tiers (rows) of counties from north to south in 14 columns from east to west 

(see Fig. 6) and the value per county was assigned to each point. Some counties, the smaller ones, were 

grouped together and others, the larger ones, were subdivided into halves to make the "cells" approxi­

mately of equal size. There are 98 (7 x 14) such cells. 

This grid was used as a basis for contouring the values at each grid point and for fitting the surface 

trend map by computer. The fitted trend (up to six-degree polynomial) was used as a representation of 

the variation in value per square mile. It is clear that the fitted surface is a smoothed approximation to 

the "real" surface, and measured degree of fit of computed to observed are listed in Table 5. 

Data Gathering 

The initial data were classified in terms of eleven original variables, A to J, as shown in Table 6. 

These eleven variables were then transformed into seven "value variables" (Z
1 

to z
7

, see Table 3) and 

the subsequent analysis was performed on the seven variables. 

Information was collected from the following sources: 

Economic Development for Kansas Mineral and Water Resources (a sector report), 1962: State Geolo­
gical Survey of Kansas Special Distribution Publication 2. 

Goebel, A.M., Heffelfinger, J.B., Gammon, D., 1952, Kansas ••• Our State. A Geography of Kansas: 
State of Kansas Board of Education. 
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Figure 6 - Map of Kansas Showing Range of Annual Value of Mineral Production Per County Since 1950 
w:ith Super-Imposed Grid for Trend-Surface Analysis 

Hilpman, P.L., Oros, M.O., Beene, D.L., and Goebel, E. D., 1964, Oil and Gas Developments in Kan­
sas During 1963: State Geological Survey of Kansas Bulletin 172. 

Hornbaker, A. L. , Hardy, R. G. , i.965, The Kansas Mineral Industry - 1964: State Geological Survey of 
Kansas Special Distribution Publication 1 7. 

Kansas Agriculture 1963-1964 (47th Report), 1964: Kansas State Board of Agriculture. 

Minerals Yearbook, 1961, Volumes I, II, III: U.S. Department of the Interior. 

Minerals Yearbook, 1962, Volumes I, II, III: U.S. Department of the Interior. 

Minerals Yearbook, 1963, Volumes I, II, III: U.S. Department of the Interior. 

Notes on Ellsworth County, Gerhard, R. and Hardy, R. G. (not published). 

Schoewe, W.H., 1956, The Mineral Industry in Kansas 1950 to 1954: State Geological Survey of Kansas 
Bulletin 119 , Part 4. 

______ , 1956, The Mineral Industry in Kansas in 1955: State Geological Survey of Kansas Bulletin 
119, Part 8. 

______ , 1957, The Mineral Industry in Kansas in 1956: State Geological Survey of Kansas Bulletin 
127, Part 6. 
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, 1958, The Mineral Industry in Kansas in 1957: state Geological Survey of Kansas Bulletin 
30, Part 6. 

, 1959, The Mineral Industry in Kansas in 1958: State Geological Survey of Kansas Bulletin 
134, Part 7. 

, 1960, The Mineral Industry in Kansas in 1959: State Geological Survey of Kansas Bulletin 
142, Part 6. 

, 1961, The Mineral Industry in Kansas in 1960: State Geological Survey of Kansas Bulletin 
152, Part 3. 

______ , 1958, The Geography of Kansas: Transactions of the Kansas Academy of Science, Winter 
1958, Vol. 61, No. 4. 

Water In Kansas 1955 - Report to the 1955 State Legislature, 1955: Kansas Water Resources Fact-Ft,' 
ing and Research Committee. 

AppendixtoWater in Kansas 1955 - Report totheKansasStateLegislature, 1955: Kansas Water Resources 
Fact-Finding and Research Committee. 

Degree of 
Polynomial 

1 

2 

3 

4 

5 

6 

10.2 

16.0 

18. 9 

32.8 

36.5 

44.7 

Table 5. Coefficients of determination. R 2 • 
ij Variable 

Multiple Correlation 
Coefficient Square,-}. 

z
2 

z z z
5 

Percentage of Total ~ariability
4

for Z variable­
accounted for by degree of polynomial 
11.9 11.4 14.3 28.2 

17.1 

20.1 

33.3 

36.8 

45.5 

18.7 

20.7 

33.2 

36.6 

43.6 
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19.1 

23.3 

27.9 

32.4 

46.2 

47.9 

55.9 

62.9 

71. 9 

79.4 

7. 3 

14.7 

18. 3 

29.4 

33.0 

41. 0 



Table 6. Basic variables measured 

A= Area (sq. mi.) 

B = Total value of minerals $ x 10
6 

C = Square miles of irrigated land 
6 

D = Value of products from irrigated land in$ x 10 

E = Crude oil (Bbl.) 

F = Natural gas (M cu. ft.) 

G = Liquid petroleum gas (Bbl. ) 

AA = A. * . 001 (Scaled) 

H = Elevation of surface (above sea level), in feet 

I = Depth of basement (below sea level), in feet 

J = ( (H-1) /5280) = thickness of sedimentary crust for Kansas, in miles 

Table 7. Variables contoured,· with legend 

Z (7) County total mineral value+ agricultural products value due to irrig. per cubic mile 

Z (5) County agricultural products value due to irrig. per square mile 

Z (4a) = Z (2) - Z (3a) County value of mineral plus irrig. products less oil, gas and LPG 

Z (2) = County total mineral value+ agricultural products value due to irrig. per square mile 

Z (3a) County oil, gas and LPG value per square mile 

Z (6) County total mineral value per cubic mile 

Z (1) County total mineral value per square mile 

Legend for Variables for Trend Surface Fitting 

(1) ~ (1) = B/ AA 

Z (2) = (B + D)/ AA 

Z (3a) = ( (E*2. 85 + (F*0.11) + (G*l. 85) )/ AA ** 

Z (4a) = Z (2) = z (3a) ** 

Z (5) = D/AA 

Z (6) = B/AA.J = Z/J 

Z (7) = (B + D)/(AA*J) = Z(2)/J 

L ** Corrected from Z (3) = ( (E*3. 0) + (F* 0.11) + (G*2. l) )/ AA_j 
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Surface Fitting 

The data from the orthogonal grid were processed using the Trend 6 Program on the IBM 7074 com-

puter at Kansas University. The output consisted of: 

(1) The raw data on the variables in Appendix Tables 1-11. 

(2) The Fortran program used to prepare the data for analysis by Trend 6 Program. 

(3) Contour maps of the raw data figures. 

(4) Trend surface maps of sixth degree for each of the six variables z1 to Z7' 

(5) Maps of residual values for sixth degree surface of variables z
1 

to z
7 

(Z
6 

omitte#() 

Summary of Conclusions 

Examples of the variation in value per unit area and unit volume per county are: 

(1) The value (Z
1

) of mineral resources for 1960 varies from about 36 thousand dollars per square 

mile for Ellis County to 6. 76 dollars per square mile for Smith County. 

(2) The value (Z) of mineral resources plus agricultural products from irrigated water varies r( 

47.6 milliondollars per cubic milefor Barton County to 14,000 dollars per cubic mile for Brown CmL 

In all the maps that contain information on the petroleum resources they dominate the picture 

the value of the central uplift of Kansas is emphasized as a trend across the center of the state moving 

from northwest to southeast. 

Similarly, the three areas that have produced least in terms of value of mineral resources are 

three, namely: 

(1) The northwest region. 

(2) A north-central and northeastern region (exclusive of Kansas City). 

(3) A small region in south-central Kansas. 

If the value produced represents potentially depleted areas then these three are the most poten­

tially promisingforfuture exploration and development; the intensity of exploration efforts in these areas 

should be checked in order to decide whether in fact they are devoid of resources or whether they are 

really underdeveloped. 

Recommendations 

This investigation was performed in order to decide the feasibility of establishing value maps per 

unit area and per unit volume of Kansas; this research indicates that this approach is not only feasible 

but desirable, The following procedure is recommended: 

_:y Z 
6 

program failed to run on computer and was subsequently omitted. 
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(1) The grid should be more carefully designed to follow the parallels of latitude. Two tiers of 

counties in the adjoining states should be added to insure that the mathematical boundary effect does not 

distort the trends for Kansas. 

(2) The same variables may be used and one new one should be added, namely, a measure of the 

intensity of exploration effort such as dollars spent on exploration by drilled wells per cubic mile of sed­

iments (i.e., above Pre-Cambrian basement). It should be calculated as follows: appropriate cost func­

tion per foot of wildcat wells per county divided by volume (i.e. , cubic miles). 

(3) The variables should also be transformed to logarithms and surface trends fitted. 

(4) This analysis should be performed for each two-year interval for 1947-1965. An estimate of 

variance per two year period should be included. 

(5) The feasibility of constructing a data matrix classified in terms of 105 counties by 65 years by 

a number of commodities (for example, the 13 commodities listed on p. 5 of Kansas Geological Survey 

Special Distribution Publication 17) should be explored. If feasible this data may be used as the basis 

for recommendation 4. There is also the possibility of fitting three-dimensional regression surfaces to 

such data through a computer program available at Denver Mining Research Center. These data would 

be used to project future trends. 

(6) If the recommendations are implemented, careful planning and editing of computer programs 

should be undertaken to reduce the amount of computing effort, e.g. , not all the surface trend maps of 1 

to 6 degree are necessary and some choice should be made of those that are required. 
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APPENDIX TABLE 1. 

LI 5 T OF OR!GINAL DATA USED FOR VALUE OF KANSAS STUDY 

TH IS LIST IS IN O~DER BY ROW AND COLVMN ON GRID 

COLJ~JTY OR COUNTIES y A B C D NO, 

CHEYENN': 07, 14, 1008, ,055 6,0 .138 
RAW LI NS 07, 13, 1064. 1 .569 2.7 ,040 
DECATUR 07, 12, 891, 1,083 2,5 ,043 
NORTON 07, 11, 876. 2,547 2, 5 ,04 7 4 
Pt--1] LL! P'3 C', 10. 88 7. 5,531 1, 2 .022 5 
SM I TH O', 9. 88 8, ,006 1, 2 ,026 6 
JEi,~fL 07, 8. 900. ,817 1, 2 ,014 1 
REPUBLl C 07, 7. 704, ,207 2.2 ,032 
NA<;HIN(,r(''-J 07. 6, 0 112. ,078 1,1 .o 16 9 
VARSH-\l_l ':;7. 5, 905, .494 o.o 0 .ooo 10 
NEMM-1A 07 • 4, 716. ,039 o.o 0.000 11 
f'\RO'..,r~; 07. 3, 57 l. , 006 o.o 0.000 12 
f\Rcwr-..: +DO~! :=,,-,fl~ 07, 2. 4 75 • .380 c.o 0,000 13 
DO~J; ~-1,''1 07, 1, 3 18, • 3 77 o.o 0,000 14 
SHER"'!AN 06, 14, l 049, • 3 71 4,7 ,087 15 
THOMAS 06, 13, 10&5, , l 02 5,5 ,090 16 
$HER. I DAN :·6. 12 ~ 896. l ,296 6,2 , 112 17 
GRAHAM 06, 11, 895, l 7,595 1. 5 .010 18 
ROOKS 06, 10. 890, 16,210 O ,0 o.oco 19 
OSHC'l("lE 05. 9, 894, .2 2(,, 5,6 ,131 20 
MITCHE.Lt 06, 8, 71 3. ,026 3,0 ,047 21 
CLOU~ 06, 7' 71)?. • 298 4,2 ,061 22 
CLAY 06, 6, ':,38, • 36 7 l,4 ,028 23 
RIU:Y 06, 6. 604. • 791 J,O 0.000 24 
POTTA•.-.'ATO~I~ 06, 4, 829, 1220 o.o 0,000 25 
_IAC-K SON 06, 3, 6 7 5. ,090 u.o 0,000 26 
JEFFERSO~l AflHISONOt.. ')5 5. 1 .z 76 o,o 0,000 27 
LEAVt:.,'~WORTl-1 06 • 1, 440. ,497 o.o a.coo 28 
1-JA~LACE 05, 14, 9.? 1. .067 1 l. 2 .212 29 
LOGAN o:-. 13. 1n82, ,011 1,9 104 7 30 
Gov:=- 05. 12, 1080. ,034 2,7 .049 3 l 
TREGO 05. ~ I • 899. 4.838 o.o 0,000 32 
ELLIS 05, 10 • 901. 32,360 0,0 0.000 33 
RU">SFL L 05, 9, 895. 2 5 • 2 34 o.o 0,000 34 
LI ~KOL•"- 8. 721. ,941 o.o 0,000 35 
OiT A'.-.i'f, + '1;',L I ,'{I: 05, 7. 143 ;'.. 2 • 40', 0,9 ,018 36 
D ! C'< I': SO•, o,. 6, BJ Ii• J,254 0,0 0.000 3 7 
t•'DRR I c, ' '..Ji:': A~Y 05, 5, 1086. 1,999 0 .o 0 .ooo 38 
WAP,A~,'iSE:.>'" 05. 4, 795. ,895 0,0 0.000 39 
Sr'Al'/"-1::.t. 05, 3. 544, J, 075 o.o 0.000 40 
DOUGLAS 05, 2. 469. ,2 93 o.o 0,000 41 
JOHNSON + l'IYA"-JDO T Tt. C'5. 629. 7,737 o.o 0,000 42 
GREELC:Y 04, 14, 1-1 n .. .. 011 5,6 .144 43 
WI CH IT;,, + S(OT T 04e 13, 1435, ,1 75 1 I 5 ,O 3,152 44 
LONE 04, 12. 71 5, ,046 6,2 ,153 45 
r,':SS 04, ll, !079. 1,760 4, I ,108 46 
RUSH 04. 10. 71 9, 1,463 6,6 , 157 4 7 
PARTO"I (.!-+. 9, 892. 30 ,4'",'", 4,7 , 106 48 
ELLS'd0RTr< + ~!CE 04, 8. 1431. 21,991 3,6 ,039 49 
MCPH!'::f.;>S,J~ 04, 7. 90('.l, 10,601 2,7 ,055 50 
MAR IO'~ 04. 6, 696. 10.51 5 u.o 0,000 51 
CHASE 04 .. 6. 769. .324 o.o 0, 000 52 
LYON QI+ I 4, tl4:,, ,653 0,0 0,000 53 
:JSAGE Ql,1- • 3. 7 l 8, ,037 o.o a.coo 54 
FRANr'.:llN 04, 2. 58 5. 1,212 o.o 0 ,000 55 
LINN + .,. J A~' f 04, 1, 121':>, 1 .. 903 o.o 0,000 56 
HAM! l_ TC} 1

~ ::1. 1 4, 91:34, ,528 13.7 ,384 57 
KEAR~; y '-'3, 13, .c,53, 8 .40 7 4 7, 2 1,263 58 
FINNEY (;?,, 12, 1276. 7 • 0 75 95.8 2,670 59 
HODGF.~1A"I CY~, 11, 1:158. 1, l 69 7 .o .111 60 
PAWN~-~ + E:.J\,r"' '"1~S 03. 10, 1343. 7,102 20,9 • 309 61 
STAFF'JRD o-:,. 9, 796, l 7 .,445 2, 2 ,035 62 
RENC 03. e. 621, 6.011 3,9 ,054 63 
RENO 03, 7. 621, 6 ,O I 7 1,1 ,022 64 
HARVEY 03, 6, 540, 2,040 o.o 0.000 65 
RUT LE~ 03, 5, 71 7, lle448 o.o 0.000 66 
GREC)il'/00[' 03, 4. l 158, 13,837 o.o a.coo 67 
CO!="FEY + '.,,CO'JSON 01. 3, 114 7, 2eb63 o.o 0,000 68 
ALLF:N + A"-1::Jr::RSON 03, 2. 1285, 12. 7 '36 o.o 0.000 69 
ROIJRROr'>i 03, I, 6':>6, ,60':> o.o 0,000 70 
'.".,TA'HON 02, 14, 685, 2,399 66,0 1.920 71 
(,RANT 02. I 3, 57 8, 16,174 ':> 1 ,6 1,388 12 
GRAY ' HASKELL 02, 12, 1434. l I, 940 102,0 2,375 73 
FOR'.-l J2. 11. 1086, .200 7 ,8 .113 74 
KI 0 11./A 02, 10, 72 3. 2.884 5,9 • 04 7 75 
PRATT 02, 9, 720, ':>, 7 '39 3, 7 , 056 76 
KfNGM.AN 02, 8. 86 7 • 12,910 0,0 0,000 77 
SEDGWICK 02, 7. 497, 5, 5':>7 1, 2 ,021 78 
SEDGW1CK 02, 6, 4:.:; 1. 5,557 o.o 0,000 79 
P,UTLER 02, 5, 71 7, 1 l .448 o.o 0.000 80 
ELK 02, 4. 652, 1,397 u .o 0.000 81 
w lLSOI\I 02, 3. 581, 4,849 o.o a.coo 82 
NEOSHO 02, 2. 580. 7,590 o.o 0.000 83 
CRA•..iFORD O? • 1. 605, 1,768 o.o 0,000 84 
MORrON 01, 14, 718, 12,162 10,3 , 297 85 
STEV'::"lS o:. 13, 72 9, 12,900 35 ,5 1,037 86 
'.:,f\o.1 AR!)<; 01. I 2, 643, 6,041 30.8 • 752 87 
r-,.<EADE 01, 11, 984 • 4,587 18, 3 ,429 88 
CLARK 01 .. 10, 974. 1,333 0,0 0,000 89 
COMANCHE: 01, 9. 788, .o 76 u.o 0,000 90 
BARRER 01, 8. 113 4, lo. 924 0,5 ,007 91 
HARPER 01. 7. 799, 4,217 o.o 0,000 9, 
SUMNER 01, 6, 11 79. 9,332 o.o 0,000 93 
COWLE" 01. 5, 1 l 33, 11,557 0,0 0,000 94 
CHAIJT AUOUA 01 • 4, 652. 2, ?67 o.o 0.000 95 
'.1,0 1-n,.JOMERY 01 • 3. 644, 4,806 0, 0 0,000 96 
LARE IT t: 01, 2. 643, ,449 c.o 0,000 97 
CHERQ,,:.!::.ERY 01, 1. &05, 3.613 o.o 0.000 98 

32 



.i 

APPENDIX TABI,~-~- -------------- -------------------------- ---- ------------ . 
LIST OF ORIGINAL DATA USED FOR VALUE OF KANSAS STUDY 

COUNTY OR COUNT-I E5 · " --y- A e-- -c ---- --1)• 

ALLEN + ANOfR-50.. 0-,i·- 2. 1285.- l2;,736 ·,o.o --o·eOOO 
BARBER 01. a. 1134. 10•924 0.5 .007 
BARTON- ---- ------e-,..------,..--tti.--,o,-...,, 4el el06 
BOURBON 03, 1, 656, ,605 0,0 0,000 
BROWN - 0--1'-i .,.... ,n.-·- ·•006 ··----o.o··-0-.--00-0--
BROWN +DONIPHAN 07. 2e 475. .380 O.O OeOOO 
BUTLER o,-, ··'°•· 711,· 11",U9 · -O,-O··-O·,-O~-----···· 
BUTLER 02. 5. 717. lle448 O.O O.OOO 
CHASE · ·-----0.-.-,.-· -re-,,.- ----~---o.o--c--.~ - ---·-
CHAUTAUQUA Ole 4. 652. 2e567 OeO Oe000 
CHEROKfERV -·Ci• le 605. - '•6-1,-- -o-.o·· Oe'()OQ·---- · 
CHEYENNE 07e 14. 1008. e055 6.0 •138 
CLAR'K Ole 10. '9l'<t:• 1.,-,,- -OiO ·O-.i)O"O ___ -__ 
CLAY 06e 6. 638. e367 le4 e028 
CLOUO 06. 1. 102.--- ein-------.r-·-.'O'e"r"-----
COFFEY + WOODSON 03. 3. 1147. 2e663 O.O O.OOO 
COMANCHE 01 • 9. ·788-e ·e0-16 - 'OeO O•OOO· 
COWLEY 01. 5. 1133. 11.557 O.O 0.000 
CRAWFORD ez:. 1. 605• t.'f'68 OeO- 0.000 
DECATUR 07. 12• 891. 1.083 2.5 .043 
DICKINSOtt 05. 6. s,s. 1.~2,.- - o.-o -·o.ooo 
DONIPHAN 07. l• 378. .377 O.O 0.000 
DOUGLAS oi;. 2• 4J6Cj. •293 o.o ·0-•1'0C 
ELK 02. 4. 652. 1-397 O.O o.OOO 
ELLIS 05. 10. CjQl. 32.360 O.O OeOOO· 
ELLSWORTH + RICE 04. 8. 1431. 2le991 3e6 .039 
FIN.NEV 03 • 12• 1276. 7•015 ~.8 -2.670 
FORD 02, 11• 1086, ,200 7,8 ,113 
FRANKLIN 04. 2. 585. 1.212 O.O OeOOO 
GOVE os. 12. 1oao. .034 2.1 .049 
GRAHAM 06, llo 895. 170595 \•5 ,elO 
GRANT 020 130 5780 16,174 51,6 1,388 
GRAY+ HASKELL 02. 12• 1434., llelj40 102.0 Ze)75 
GREELEY 04. 14. 776. .Oll 5.6 el44 
GREENWOOD 03e 4. 1158. 13.837 OeO OeOOO 
HAMILTON 03. 14. 984. .s2e 13.7 .384 
HARPER 01, 1. 199. 4,217 0.0 OeOOO 
HARVEY 03. o. 540. 2.040 a.a a.coo 
HODGEMAN 031 11. 858. lel69 7.0 .177 
JACK.SON 06. 3. 675. .090 o.o 0.000 
JEFFERSON + ATCHISON06e 2• 955. le276 o.o OaOOO 
JEWEL 07. B. 900. .817 1.2 e0l4 
JO~NSON + WYANDOTTE o;. l• 629. 7.737 0.0 0.000 
KEARNY 03. 13• 853. 8e467 47.2 le263 
KINGMAN 02. e. 867, l2e910 OeO OeOOO 
KIOWA 020 lOo 723, 2,884 5o9 ,047 
LABETTE 01. 2. 643. .449 OeO O.OOO 
LANE 04. 12. 715. .046 6.2 al53 
LEAVENWORTH 06. 1. 440. .497 0.0 0e000 
LINCOLN 05. 8. 721. .941 0.0 0.000 
LINN+ MIAMI 04. l. 1215. 1•903 O.O 0.,000 
LOGAN as. 13. 1082. .011 1.9 .047 
LYON 04. 4. 845. .653 o.o 0.000 
MARION 04, 60 696. 100515 0,0 0,000 
MARSHALL C7. 5. 905. .494 0,0 O.OOO 
MCPHERSON 04. 7. 900. 10.601 2.1 .ass 
MEADE 01. 11. 984., 4.587 18.3 .429 
MITCHELL 06. 8. 713. .026 3.0 .047 
MONTGOMERY 01. 3. 644. 4.806 O.O 0.000 
MORRIS+ GEARY 05., 5. 1086., 1.999 o.o O.OOO 
MORTON 01. 14. 718. 12•162 10.3 •297 
NEMAHA 07, 4. 716. .039 OaO OtOOO 
NEOSHO 02., 2. 580. 7.590 0.,0 0.000 
NESS 04. 11. 1079. 1.760 4.1 .1oe 
NORTON 07. 11• 876. z.,547 2a5 .047 
OSAGE 04., 3., 718. .037 0.,0 0.000 
OSBORNE 06., 9. 894. .224 5.6 .131 
OTTAWA+ SALINE 05. 7. 1432. 2.409 0.9 .018 
PAWNEE + EDWARDS 03. 10. 1343. 7.1.02 20.9 a309 
PHILLIPS 07. 10. 887• 5.531 1.2 a022 
POTTAWATOMIE 06. 4, 829. •220 O.Q 0•000 
PRATT 02. 9., 726. 5.,739 3.7 .056 
RAWLINS 07. 13• 1064., le569 2t7 .040 
RENO 03 • 8., 621. 6.017 3.9 .054 
RENO 03. 7. 621. 6.017 1.1 .022 
REPUBLIC 07. 7. 704. .207 2.z .032 
RILEY 06., 5. 604. .791 O.O 0.000 
ROOl(S 06., 10. 890, 16.210 o.o 0.000 
RUSH 04. 10. 719. le463 6.,6 .157 
RUSSELL 05, 9. 895., 25•234 O.O OeOOO 
SEDGWICK 02, 7. 497., 5a557 1.2 t021 
SEDGWICK 02. 6. 497., 5.,5,,1 O.O Q.OQO 
SEWARD$ 01. 12. 643. 6.041 30.8 a752 
SHAWNEE 05. 3. 544., 1•075 O.O O.OOO 
SHERMAN 06. 14• 1049. .371 4.7 .087 
SHERIDAN 06, 12, 896, 1,296 6,2 ,112 
SMIT!-l 07. 9. 888. .006 1.2 .026 
STAFFORD 03. 9. 796., 17.445 2.2 • □ 35 
STANTON 02. 14. 685. z.,399 66.0 1,920 
STEVENS 01, 13. 729, 120900 35,5 1,037 
SUMNER 01. 6. 1179. 9.332 0.0 Q.000 
THOMAS 060 130 10650 .102 5.5 oO'lO 
TREGO 05, 11, 899, 40838 0,0 OoOOO 
WABAUNSEE 05. 4. 79,. .,99, O.O 0•000 
WALLACE 05. 14. 921. ,067 11.2 •272 
WASHINGTON 07, 60 902, ,078 1,1 ,016 
WICHITA+ SCOTT 04. 13• 1435. al75 115.0 3.152 
WILSON 02, 3, 581, 40849 0,0 0,000 
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69" 
91 -----,,~ 
70 

· ··· 12 
i3 
66 
80 

. "52 
95 
98 

1 
n· 
23 
22·· 
68 
90 
94 
·e~ 

3 
37 
14 
H 
81 
33 
49 
,9 
74 

'' 31 
18 
72 
73 
43 
67 
57 
92 
65 
60 
26 
l1 

7 
42 
58 
77 
75 
97 
45 
28 
35 
56 
30 
53 
51 
10 
50 
88 
21 
96 
38 
85 
11 
83 
46 

4 
54 
20 
36 
bl 

' 25 
76 

2 
63 
64 

-8 
24 
19 
47 
34 
78 
79 
87 
40 
15 
17 

b 
62 
71 
86 
93 
16 
32 
39 
29 

9 
44 
82 



APPENDIX TABLE 3. 

LIST OF OR!Gl~AL DATA USED FOR VALUE OF KANSAS STUDY 

0.000 
J.545 
0,377 
0,882 
1,913 

0.010 

o. 002 
0.448 
6,116 
5,635 
0,067 

0.010 
0,212 

o. 000 

0,000 
0,004 
0.010 
1,584 

I l ,2 31 
8,337 

0,648 
0,062 
0.425 
0,280 

0.043 
0,005 

0,049 

0,595 
0, 301 

10,246 
6,230 
3,503 
3,297 
0.104 
0,157 

0,334 
0 .4 74 
0,013 
0,076 
0.361 
0.407 
2,080 
5,737 
0.11a 

o.611 

4,759 
0,904 
1,445 
0,028 
0,031 
0.010 
2,427 
0,008 
0,828 
l ,843 
3, l 74 
1.141 
1,141 
7,800 
0,226 
0,197 
0,488 
o. 041 
1,341 
0,009 
0,056 
1.019 
0,197 
0 ,023 
1,400 
l ,212 
3,070 
3,672 
0, 866 
0,494 
0.110 
0.000 

0.014 
0.000 
o. 000 
o. 000 
o. 000 

o. 000 

0.000 
0,000 
0.000 
0.000 
0.000 

o.ooc 
0,000 

0.004 

o. 004 
o.coo 
0.000 
0.000 
0,000 
0,280 

0.000 
o. 000 
o. 429 
0.000 

o.oco 
0,077 

0,000 

0.000 
I, 68 I 
0,720 
o. 497 
Q.260 
0.989 
0,035 
0.000 

o. ace 
0,000 
4.549 

0,010 

69.932 0,301 
53,961 0,106 

0,000 
4.649 
!, l 50 
3.963 .019 

0.339 

o. 000 
o. 008 
0.084 
o. 000 

21.848 
91,749 2,436 
35.945 0.206 
o. 390 
3. 384 
1,364 

18.982 0.496 
0,008 0.001 
o.ooa 
0.000 
0,15] 
o. 153 
o. 118 
o. 029 

76,950 
122,005 
33,010 0,888 
14. 313 
6,811 
0.000 

53.315 0.206 
4,861 
0,339 
I, 413 
o. 102 
0,339 
0,071 
a.on 
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NO. 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 l 
22 
23 
24 
25 
26 
27 
28 
20 
29 
30 
3 l 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 4, 
44 
45 
46 
47 
48 
49 
50 
5 l 
52 
53 
54 
ss 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 



APPENDIX TABLE 4. 

LIST OF ORIGINAL DATA USED FOR VALUE OF KANSAS STUDY 

THESE CARDS ARE FOR THE SECOND SET OF VARIABLES USED TO GET CUBIC MILE 
RESULTS FOR VARIAALES ZC6l ANO Z(7) 

G 

3400 -205D, 
3000 -2000. 
2700 -1500, 
2400 -1500, 
2000 -2000. 
!BOO -2750. 
1700 -35D0, 
1500 -2500. 
140() -1750. 
1200 -1000. 
1200 + 500, 
1000 -3000, 
1000 -2750, 
1000 -2500, 
3 700 -2250, 
3100 -2200, 
2600 -2000, 
2200 -1800, 
2000 -1750, 
urnn -2500, 
1600 -3500. 
!600 -3000. 
1200 -2000. 
!000 -1000. 
1200 - 500, 
1000 -2500, 
1000 -2250, 
1000 -1800, 
3400 -2350, 
3000 -2500, 
2800 -2500, 
2400 -2500, 
2100 -2000, 
l BOO -2200. 
1400 -3000, 
1300 -3000, 
1150 -2000. 
1500 -1500. 
1000 -2000. 
950 -2000, 
BOO -1500. 

1000 -1500. 
3600 -2500, 
3100 -2750, 
2800 -2750, 
2250 -2500. 
2050 -2000. 
1800 -2000. 
1650 -2500, 
1500 -2500, 
1300 -2000. 
1200 - 500. 
1150 -2000, 
1100 -1750, 

900 -1400, 
1000 -1200. 
32 50 -3000, 
3000 -3250, 
2850 -3500, 
22 50 -2600, 
2100 -2200. 
1900 -2?00. 
1500 -3000, 
1500 -3000, 
1450 -2500, 
1300 -2100. 
l 150 -2000. 
1000 -1500, 
1000 - l 250, 
900 - 950, 

3350 -3500, 
3050 -3800. 
2800 -4000. 
2500 -3200, 
2200 -2800, 
1900 -3000. 
1600 -3800, 
1400 -3000, 
1300 -3000, 
1400 -3000, 
1000 -2000. 

900 -1500. 
900 -1050, 

1000 - 900, 
3400 -4100, 
3100 -4500, 
2800 -5000. 
2400 -5000, 
2000 -4500. 
2000 -4000. 
1600 -4000, 
1400 -4200. 
12 50 -3500, 
1 ion -3000, 
1000 -2100. 

800 -1500, 
900 - l 200, 
900 - 950, 
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NO, 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
I 9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
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APPENDIX TABLE 5. 

C Z I I I COUNTY TOT AL MINERAL VALUE/SQUARE MILE 

Z Ill NO, 

7,000000 14,000000 0,054563 l 1 
1.000000 13,000000 1,474624 l 2 
7,000000 12.000000 1,215488 l 3 
7,000000 11.000000 2,907534 l 4 
7,000000 10.000000 6,235626 1 5 
7,000000 9,000000 0,006757 1 6 
7,000000 8,000000 0,907778 1 7 
1.000000 7,000000 0,294034 1 8 
7,000000 6,000000 0,086474 1 9 
7,000000 5,000000 0,545856 1 10 
7,000000 4.000000 0.054469 l 11 
7,000000 3,000000 0,010508 1 12 
7,000000 2.000000 0,800000 1 13 
1.000000 1.000000 o.997354 I 14 
6,000000 14,000000 0,353670 1 15 
6,000000 13,000000 0,095775 1 16 
6,000000 12.000000 1, 446429 l 17 
6,000000 11.000000 19,659218 1 18 
6.oooouo 10.000000 18.213483 l 19 
6,000000 9,000000 0,250559 1 20 
6,000000 s.000000 0,036466 l 21 
6.000000 7,000000 0,424501 1 22 
6,000000 6.000000 0,575235 l 23 
6,000000 5,000000 1,309603 l 24 
6,000000 4,000000 0,265380 1 25 
6,000000 3,000000 0,133333 1 26 
6,000000 2.000000 1,336126 l 27 
6,000000 1.000000 1,129545 1 28 
5,000000 14.000000 0,072747 1 · 29 
5,000000 13,000000 0,010166 1 30 
5,000000 12.000000 0,031481 1 31 
5,000000 11.000000 5,381535 1 32 
s.000000 10.000000 35,915649 1 33 
s.oooouo 9,000000 28,194413 ·1 34 
5,000000 s.000000 1,305132 1 35 
5.000000 7,000000 1,682263 l 36 
5,000000 6.000000 1.496420 1 37 
5,000000 5.000000 1 ■ 84070() l 38 
5,000000 4,000000 l ol25786 l 39 
5,000000 3,000000 1,976103 1 40 
s.000000 2.000000 0,624733 1 41 
5,000000 1,000000 12,300477 1 42 
4,000000 14.000000 0.014175 1 43 
4,000000 13.000000 0, 121951 1 44 
4,000000 12.000000 0,064336 1 45 
4.000000 11,000000 1,631140 1 46 
4.000000 10.000000 2,034771 l 47 
4,000000 9.000000 34,142376 1 48 
4.000000 a.000000 15,367575 1 49 
4.000000 1.000000 11.778889 1 50 
4.000000 6.000000 15,107759 1 51 
4,000000 5,000000 0,421326 1 52 
4.000000 4.000000 0,772781 1 53 
4.000000 3,000000 0,051532 1 54 
4.000000 2,000000 2,071795 1 55 
4.0000uO 1.000000 1,566255 1 56 
3.000000 14,000000 0.536585 1 57 3,000000 13.000000 9,926143 1 58 
3,000000 12,0<JOOOO 5,544671 1 59 
3.000000 11,000000 1.362471 l 60 
3.000000 10.000000 S,288161 1 61 
3,000000 9.000000 21.915829 l 62 
3,000000 8.oooooo 9,689211 l 63 
3,000000 7,000000 9,689211 l 64 
3.000000 6,000000 3, 777778 1 65 
3.000000 5.000000 15,966527 1 66 
3,000000 4,000000 11,949050 l 67 
3.000000 3.000000 2.321709 1 68 
3.000000 2.000000 9,911284 1 69 
3,000000 1.000000 0,922256 1 70 
2.000000 14.000000 3,502190 1 71 
2.000000 13,000000 27,982699 1 72 
2.000000 12,000000 8,326360 1 73 
2.000000 11.000000 0,184162 l 74 
2.000000 10.000000 3,988935 l 75 
2,000000 9,000000 7,904959 1 76 
2,000000 8,000000 14.890427 l 77 
2.000000 1.000000 11,181086 l 78 
2.000000 6,000000 11,181086 1 79 2,000000 5,000000 15,966527 1 - 80 
2,000000 4,000000 2,142638 1 81 
2.000000 3.000000 8,345955 1 ·82 
2,000000 2.000000 13,086207 1 83 
2.000000 1.000000 2,922314 1- 84 
1,000000 14.000000 16,938718 l 85 
1,000000 13,000000 17,695473 l 86 
1,000000 12,000000 9,395023 1 87 
1,000000 11,000000 4,661585 1 88 
1,000000 10.000000 1,36858'3 1 89 
1,000000 9,000000 0.096447 1 90 
1,000000 8,000000 9,633157 l 91 
1,000000 7,000000 5,277847 1 92 
1,000000 6,000000 7,915182 l 93 
1,000000 5,000000 10,200353 1 94 
1,000000 4,000000 3,937117 1 95 
1,000000 3.000000 7,462733 1 96 
1,000000 2.000000 0,698289 1 97 
1,000000 1,000000 5,971901 l 98 
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APPENDIX TABLE 6. 

C Z f 2 l a COUNTY TOTAL MINE:.RAL VALUE + AGRICULTURAL PRODUCTS VALU~ DUE TO 
C IRRIGATION/SQUARE MILE 

Z I I I NC. 

1.000000 14.000000 0.191468 2 
1.000000 13.0000JO 1.512218 2 
7,000000 12.000000 1. 26'3 749 2 
7 .000000 11.000000 2,961187 2 4 
1.000000 10.0JOCJO 6.260429 2 5 
1.000000 9,000000 0.036036 2 6 
1.oooooc a.ooovoo 0.923333 2 7 
7 .ooooco 1.000000 0.339489 2 8 
1.000000 6,000000 c.10421~ 2 9 
1.000000 5.000000 0.545856 2 10 
1.000000 4.GOOOOO 0.054469 2 11 
1.000000 3,000000 c.010500 2 12 
1.000000 2.000000 o.aoocoo 13 
1.000000 1.000000 0.997354 14 
6.000000 14.000000 0.436606 15 
&.000000 13.000000 o.1so2s2 2 16 
0.000000 12,0JGOUC 1.571429 2 l 7 
&.000000 11.ooooou 19,670391 2 18 
b,000000 !J.000000 18.213483 19 
6.000000 9,000000 o. 397092 20 
6.000000 s.000000 0.102384 21 
6,000000 1.000000 0,511396 22 
6,00COOO 6,000000 0,619122 23 
6.000000 5,0J0J0C 1,309603 2 24 
6,000000 4,()00000 0.265380 2 25 
6.000000 3.000000 0.133333 ? 26 
6.000000 2.000000 1,336126 2 27 
6.000000 1,000000 1.129545 2 28 
s.000000 14.0.)0(;QO J.368178 2 29 
5 .000000 13.000DUO 0.053604 2 30 
5.000000 12.oooooc 0.076852 2 31 
5. 000000 11.ooouoo 5.381535 2 32 s.coco ... o 10.ooocoo 35,915649 2 33 
5.000000 9.ooouoo 28.194413 2 34 
5.000000 8.oooooo l.3u513? 2 35 
5 • 000t)00 1.000000 1.694832 ? 36 
5.000000 6.000°00 1.496420 2 37 
5,000000 s.000000 1.840700 2 38 
5.oooooo 4,000000 l .J25786 2 39 
5.000000 3.0000UO l,97t,J03 2 40 
5.000000 2,000000 0,b24733 2 41 
5.000000 1.000000 12.300477 2 42 
4.000000 14,0000GO 0,199742 2 43 
4.000000 13.000000 2.318467 2 44 
4.000000 12.000000 0.278322 2 45 
4.000000 11.000000 1.731233 2 46 
4,000000 10.000000 2.253129 2 47 
4,000000 9,0000CO 14.?61210 2 48 
4.000000 a.cooooo 15.394829 2 49 
4,000000 1.000000 11,840')00 2 50 4.000000 6.oooc,oo 15.107759 2 51 4.000000 5.oooooo 0,421326 2 52 4,0000CO 4,000000 0,772781 2 53 
4.000000 3.000000 0.051532 2 54 4.000000 2.ooocoo 2.011 795 2 55 4,000000 1.000000 t.566255 2 56 3.000000 [4.000000 D.926829 2 57 3,000000 13,00000( 11.406799 2 58 3,000000 12,000000 7.637147 2 59 3,000000 11.000000 1.568765 2 60 3.000000 10.000000 5.518243 2 61 3.000000 9,000000 21.959799 2 62 3.000000 s.000000 9.776167 2 63 3.000000 1.000000 9,724638 2 64 3,000000 6.000000 3. 777778 2 65 3.000000 5.000000 15.966527 2 66 3.000000 4,000000 11.949050 2 67 3.000000 3,000000 2.321709 2 68 3.000000 2.000000 9.911284 2 69 3.000000 1.000000 0.922256 2 70 2.000000 14.000000 6.305109 2 71 2.000000 13.000000 30-384083 2 72 2.000000 12.000000 9.982566 2 73 2.000000 11 • 000000 0.288214 2 74 2.000000 10.000000 4,053942 2 75 2.000000 9.000000 7.982094 2 76 2 • 000000 8 • oooouo 14,890427 2 77 2.000000 1.000000 11,223340 2 78 2.000000 6,000000 11,181086 2 79 2.oooouo 5.000000 15,966527 2 BO 2.000000 4.000000 2,142638 2 Bl 2.000000 3.000000 8,345955 2 82 2.000000 2.000000 13,086207 2 83 2.000000 1.000000 2.922314 2 84 1.000000 14.000000 17,352367 2 85 1.000000 13,000000 19,117970 2 86 1.000000 12.000000 10.564541 2 87 1,000000 11.00000: 5,097561 2 88 1.000000 10.000000 1.368583 2 89 1.000000 9.000000 0.096447 2 90 1.000000 8,000000 9,639330 z 91 1.000000 1.000000 5.277847 2 92 1 .000000 6.000000 7.915182 2 93 1, 000000 ,. 000000 10.200353 2 94 1.000000 4.000000 3.937117 2 95 1.000000 3.000000 7. 46273 3 2 96 1.000000 2.000000 0.698289 97 1.000000 1.000000 5,971901 98 
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APPENDIX TABLE 7. 

C Z f 3 I COUNTY OIL, GAS, AND LPG VALUE/SQUARE MILE 

X y Z f 11 NO. 

7,000000 14,000000 0.001520 3 
7.000000 n.ooocoo 1.459821 3 
7,000000 12.000000 1,205892 3 
7,000000 ll. 000000 2.869521 3 4 
7,000000 10.000000 6,146618 3 5 
1.000000 9.000000 -o. 3 6 
1.000000 0.000000 -o. 3 7 
1.000000 1.000000 -o. 3 8 
7,000000 6.000000 -o. 3 9 
1.000000 5.000000 -o. 3 10 
7,000000 4,000000 0.039804 3 11 
7,000000 3,000000 -o. 3 12 
1.000000 2.000000 -o. 3 13 
1.000000 1,000000 -o. 3 14 
6.000000 14.000000 -o. 3 15 
6.000000 13.000COO 0.005352 3 16 
6,000000 12.000000 J.425000 3 17 
6,000000 ll. 000000 19.475530 3 18 
6.000000 10.000000 18.044663 3 19 
6.000000 9.000000 C.213591 3 20 
6.000000 8.000000 -o. 3 21 
6,000000 1.000000 -o. 3 22 
6.000000 6.000000 0,044671 3 23 
6,000000 5.000000 1.000331 3 24 
6,000000 4.000000 -o. 3 25 
6.000000 3.000000 -o. 3 26 
6.000000 2.000000 -o. 3 27 
6.000000 1.000000 0.001000 3 28 
5.000000 14.000000 0,000478 3 29 
5.000000 13.000000 0.010536 3 30 
5,000000 12.000000 0.026389 3 31 
5.000000 11.000000 5.021580 3 32 
5.000000 10.000000 35. 525360 3 33 
5.000000 9.oooooc 26.582402 3 34 
5,000000 0.000000 -o. 3 35 
5,000000 1.000000 1.289665 3 36 
5,000000 6.000000 0,210859 3 37 
5,000000 5.000000 1,158785 3 38 
5.000000 4,000000 1.003774 3 39 
5.000000 3.000000 -o. 3 40 
5.000000 2.000000 0.261301 3 41 
5.000000 1.000000 0.036121 3 42 
4.000000 14.000000 -o. 3 43 
4,000000 n.000000 0.097317 3 44 
4,000000 12.000000 -o. 3 45 
4.000000 !l.000000 1.571594 3 46 
4.000000 10.000000 1.476022 3 47 
4.000000 9,000000 32.825448 3 48 
4.000000 0.000000 12,445961 3 49 
4.000000 1.000000 ll.J246l 1 3 50 
4,000000 6,000000 13.656954 3 51 
4.000000 5.000000 0,390442 3 52 
4,000000 4.000000 0.529527 3 53 
4,000000 3.000000 -o. 3 54 
4.000000 2.000000 1.627179 3 55 
4.000000 1.000000 l.Jll852 3 56 
3.000000 14.000000 o.546179 3 57 
3,000000 13,000000 9.924935 3 58 
3.000000 12.000000 5.611802 3 59 
3.000000 11.000000 1.351923 3 60 
3.000000 10.000000 4.794780 3 61 
3.000000 9.000000 20.699686 3 62 
3.000000 0.000000 4.329114 3 63 
3.000000 1.000000 -o. 3 64 
3.000000 6.000000 3.642111 3 65 
3.000000 5.000000 15.502092 3 66 
3.000000 4.000000 11.712565 3 67 
3.000000 3.000000 2.246975 3 68 
3.000000 2.000000 3.212054 3 69 
3.000000 1.000000 0.J21646 3 70 
2.000000 14.000000 3.637416 3 71 
2.000000 13.000000 25.307076 3 72 
2.000000 12.000000 7.8465B3 3 73 
2.000000 ll .000000 0.060497 3 74 
2.000000 10.000000 3.778755 3 75 
2.000000 9.000000 7.4415B4 3 76 
2.000000 8.00000C 13.900253 3 77 
2.000000 1.000000 6,548451 3 78 
2.000000 6.000000 6.544728 3 79 
2.000000 5.000000 15.502092 3 80 
2.000000 4.000000 1.013359 3 81 
2.000000 3,000000 0.995318 3 82 
2.000000 2.000000 2.420310 3 83 
2.000000 1.000000 0.198413 ~ 84 
1.000000 14.000000 17•111 908 3 85 
1,000000 13.000000 18.444718 3 86 
1.000000 12.000000 8.450233 3 87 
1.000000 11.000000 4.551402 3 88 
1.000000 10.000000 10345647 3 89 
1.000000 9.000000 0.083185 3 90 
1.000000 0.000000 9.026234 3 91 
1.000000 7.000000 4.992378 3 92 
1.000000 6.000000 7.452748 3 93 
1.000000 5.000000 9.373901 3 94 
1.000000 4.000000 3.802638 3 95 
1.000000 3.000000 21244084 .. 3 96 
1.000000 2.000000 0.499705 3 97 
1.000000 1.000000 o.000364 3 98 
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APPENDIX TABLE 8, 

Z ( 4 I " COUNTY VALUE OF Ml~ERAL PRC'.)UCTS LESS CI L, GASt AND 

LPG/SOUAQE MILE 

Z ( I I NO. 

1.000000 !4.000000 J.16994O 
1.oocooo 13.000000 D.052397 
1.000000 12.000000 0.057856 4 
7.000000 11.oooooc G.091667 4 
1.000000 10.000000 o.i 11011 5 
1.000000 9.000000 J,'.)36036 6 
7 .Q,)OOOO 8.COOOOJ 0.923333 4 7 
1.000000 1.000000 0.339489 4 8 
7. LIOGOOQ 6.0uOOOO 0.!04213 4 9 
1.oouoco 5.00000D 0.545856 4 JO 
7. u:Juouo 4.000000 D.014665 4 11 
7,0VGQC,,G 3.000000 0.010508 12 
1.00,:;ouo 2.000000 0.800000 4 13 
7.JO,,JOQ 1.000000 D.997354 • 1, 
6 • U 1)u0U0 14.000000 O.4366O6 4 15 
6. u,)c.J,.JUO 11.OO0r-oo 0.174930 4 16 
6 • i)•J(J()Q/J 12.000000 D.1464?9 17 
6.uoooco 11.CJOOOO O.19486(' 18 
6.CJOOOOO l O • 01)0(10(, } • 16882rJ 4 19 
6.000000 9.00000C Cl.181501 4 20 
6.OOOOO(, s.000000 0.10?384 21 
6.0'.JUOOO 1.000000 0.511~96 22 
6 • 00!..J(JUQ 6.000000 U.5744?1 23 
6 • 0 1Jv(JV0 s.oonu.:io 0.309272 4 2• 
6.C0U0V0 .:,i.0..10UOi.l 0 • 265 380 4 25 
6.liOOOVQ ;;.000000 !J.133333 4 26 
6 • 001)000 2.000000 1.3361?6 4 27 
6. 00000,1 1.000000 1.128545 28 
5.000000 14.000000 0.36760~ 4 29 
5.000000 13.000000 0.043068 4 30 
s.000000 12.000000 n.05046'3 4 31 
5.000000 11.000000 0. 359956 4 32 
s.000000 10.cooouo 0.390289 4 33 
s.000000 9.000000 1.61 Zill 1 4 34 s.oooouo 8.0JOiJOO 1.305132 4 35 
s.000000 7.00000() 0.405168 4 36 
5.000000 6.000000 1.285561 4 37 
s.000000 ?.oooouc 0.681915 4 38 
5.000000 4.000000 0.122013 4 39 
5.000000 3.000000 1.976103 4 40 
5.000000 2.000000 0.363433 4 41 
5. 0'.)0000 1.000000 12.264356 4 42 
4.000000 14.000000 r"J.199742 43 
4.000000 13.000000 2.221150 4 44 
4.000000 12.000000 0.278322 45 
4.000000 11.0000GO 0.159639 4 46 
4.000000 10.000000 0.111101 • 47 
4.000000 9.000000 le435762 4 48 
4.000000 a.ooonoo 2.948868 49 
4.000000 1.000000 0.715389 50 
4.000000 6.0DOCOO l • 45fJ805 51 
4.000000 5.000000 0.030884 52 
4.000000 4.000000 0.243254 53 
4.00000() 3.oorooo 0.051532 54 
4.000000 2.000000 0.444615 4 55 4.000000 1.000000 0.454403 4 56 
3.000000 14.000000 0.38065-'"1 5 7 
3.000000 11.000000 1.481864 4 58 3.000000 12.000000 2.025345 4 59 
3.000000 11 • 000000 0.216841 4 60 3.000000 10.000000 0.723462 4 61 3.000000 9.0000UO 1.260113 4 62 3.000000 A.000000 5.44705~ 4 63 
3.000000 1.000000 9.724638 4 64 3.000000 6.000000 0.135667 4 65 3.000000 s.000000 0.464435 4 66 3.000000 4.000000 0.236485 4 67 3,000000 3.000000 0.074734 4 68 3.000000 2.000000 6.699230 4 69 3.000000 1. 000000 0.800610 4 70 2.000000 14.000000 2.667693 4 71 2.000000 13.000000 5.077007 4 72 2.000000 12.000000 2-135983 4 73 2.000000 11.000000 0.227716 4 74 2.000000 10.000000 0,275187 4 75 2.000000 9.000000 0.540510 4 76 2.000000 8.oooooo 0.990173 4 77 2.000000 7 .000000 4,674889 4 78 2.000000 6.000000 4.636358 4 79 2.000000 5.000000 0.464435 4 80 2.000000 4.000000 1.129279 4 81 2.000000 3 .000000 7 .350637 • 82 2.000000 2.000000 10.665896 4 83 2.000000 1.000000 2.723901 4 84 1.000000 14,000000 D.240460 4 85 1.000000 13.000000 0.673251 

86 1.000000 12.000000 2-114108 4 87 l .000000 11 • 000000 0.546159 4 BB 1.000000 10.oooooc ().022936 4 89 1.000000 9.000000 0 • 01 3261 4 90 1.000000 0.oon!loo ri.613095 4 91 1.000000 7.000000 D.285469 4 92 1.000000 6.000000 r:i.462434 4 93 1,000000 5.000000 ll.626452 4 94 1.oooouo 4.000000 0.134479 4 95 1.ooooou 3.000000 5.218649 4 96 1.000000 2.000000 O.J98585 97 1.oooouo 1.000000 5.971537 4 98 
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APPENDIX TABLE 9, 

l{Sl cuur-,,ry AC·RJ(L,'LTURA.L PRO'.)UCTS VALUE f)IJE TO fRRIGATION/SQUARE MIL~ 

7.OJ0,JC_ 14.CuG0J0 
7.0~G1v~ 13.Jw21)vC 
7.01U00J 12.C,: U,,C 
7.000 □~: ll.CJ 0 uJ~ 
7.0J<i000 1,,.c, 
7.O0•J~O) q.rGli(J0J 
7.000007 P.r1rc 1:Q 

Z / I I 

,,,136905 
': • ('3 7594 
'i. ()48260 
n. (15"3653 
".r24803 
11.~----.2Q2_79 

;.<":15556 
1.~os:;_: 1.c::: ;,- ,o n.c~4~1~s, 
7.00~JuG h.,Jw2,~,J ~•017738 
7.0J~.J0C ~.OJOUJ~ 
7.Q'.)_ ,\.J-., l+•l,J')l.)11.J (1• 

7.iJJC',,', 3.::~- 'J. 
7.oJ.. :l.c,:;c:,~u n. 
1.02~00n 1.00 □ 0Ll0 
6e00QQQ I !4.QQQJJ~ 
6.uooour, 11.GJ ouc 
6.ooooo~ 12.000,1:J □ 
6.oooao~ 11.onccioa 
6e000rJU() l :i.OOCvOU 
6.oooouo 9.uooo00 
6.000000 s.ooooou 
6.000000 7.1 ,.J~UCJ 
6.000JUU 6.C)OQr1na 
6.Q.)0,lUG s.r,.~ll'-",OG 

o. Ot?.2°36 
n.084S'7 
n.i2sr:0t: 
;; • 0111 71 
o. 
Col46532 
0,065919 
,7 • 08689':1 
c, 043 88 7 

6.oooovo 4. □ Jouuu J. 
6.D000L,::, 
6.000000 
6.000000 
5.nooooo 
5.D000Q0 
5.000000 
5.oooouo 
5.000000 
5.000000 
5,000000 
5.oooouo 
5.000000 
5,000000 
5.000000 
5.000000 
5,000000 
5.000000 
4.oooouo 
4.000000 
4.000000 
4.oooouo 
4.oooouo 
4.000000 
4.000000 
4.000000 
4.000000 
4.000000 
4.000001') 
4.0l')QOOO 
4.000000 
4.000000 
3,000000 

1. 0U0:),_,.J 

2.000000 
1.0J0000 

J4.ronnorJ 
l .~.cuO-JOO 
12.ooocoo 
11.000:JuO 
10.cuoooo 
9.0JOOOO 
s.000000 
7 .000000 
&.000000 
5,000000 
4.000000 
3.0JOJOO 
2.000000 
1,000000 

14.000000 
13.000000 
12.000000 
11.000000 
10.000000 

9,000000 
s.000000 
7.000000 
6.000000 
5.000000 
4.000()00 
3.000000 
2.000000 
1.000000 

14.000000 

,,. 
n. 
n. 
~.?9S~31 
0.043438 
0.045170 
n. 
o. 
l, 

o. 
0.012570 
o. 
o. 
o. 
n, 

o. 
0,185567 
2,196516 
0,213986 
0,100093 
0.218359 
0,118834 
o. 027254 
00061111 
o. 
o. 
0, 
0. 
o. 
o. 

3.000000 13.000000 
3,000000 12.000000 
3.000000 11.000000 
3,000000 10.000000 
3.000000 9.0JOOOO 
3.000000 s.000000 
3,000000 1.000000 
3.000000 6.000000 
3.000000 5.000000 
3,000000 4,000000 
3,000000 3.000000 
3.000000 2.000000 
3,000000 1.000000 
2.000000 14.000000 
2.000000 13.000000 
2.000000 12.000000 
2,000000 11,000000 
2.000000 10.000000 
2.000000 9.000000 
2.000000 B.000000 
2.000000 1.000000 
2.000000 6.000000 
2.000000 5.oooooo 
2.000000 4.000000 
2.000000 3.000000 
2.000000 2.000000 
2,000000 1.000000 
1.000000 14.000000 
1.000000 13.000000 
1,000000 12.000000 
l,OOOOCO 11.000000 
1.000000 10.000000 
1.000000 9.000000 
1.000000 s.000000 
1.000000 1.000000 
1.000000 6,000000 
1.000000 s.000000 o~ 
1,000000 4.000000 o. 
1.000000 3,000000 o. 
1.000000 2.000000 o. 
1,000000 1.000000 -0. 

0.39U~44 
l.4806S6 
2.092476 
0.206294 
o.23oos2 
0,043970 
D.086957 
0.035427 
,o. 
o. 
o. 
o. 
o. 
o. 
2, 802920 
2 • 401384 
10656206 
0.104052 
0.065001 
0,077135 
O, 
0,042254 
o. 
o. 
o. 
o. 
o. 
o. 
0.413649 
1.422497 
l.J69518 
0.435976 
o. 
o. 
0.006173 
o. 
o. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

··5 
5 
5 

40 

NO, 

4 
5 
6 
7 
8 
9 

10 
11 
12 
lJ 
14 
15 
16 
17 
18 
19 
20 
21 
22 
n 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3 7 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 



APPENDIX TABLE 10. 

Zl61 COUNTY TOTAL MINERAL VALUE/CU9 IC MILE 

2 I I I 1-3 ,o. 

1. ,::i.1nooo 14.0::JOGOO c.os2B62 
7.C:JOOO2 13.C:lOO:JO 1.557203 
1.0001100 12.000000 1.528042 
1.000000 11.cooooc 1.936354 4 
1.000000 10.000000 ~.?31026 5 
7.JOOOOO 9.000000 0.007841 6 
7.0ClJl)vC 8.000000 0.921744 7 
7. G'jU,,:; v·O 1.0,.;ocou o.3as12s 8 
7 .nO(JQQn 6.000JOO 0.144948 9 
7.vJOOJO s.ooooou I .310055 10 
7.,Qi)(lQL,() 4.,000000 0.410854 11 1.1oonuo ~.OJ'10CC o.Cl387J 12 1.oooovo 2.000000 1-126400 13 
1.oonoon 1.roonoo 1. 50458() 14 
6 .n')'ll)OO 14.000000 0.31~845 15 6.onuooo 13.000000 o.095413 16 
6.00n0uu l?.OOOC100 l .66·J?48 17 
6.0000l,O 11 .OCUuuO 25.950167 18 
6.UOOIJUO 10.000000 25.644584 3 19 6.oocooo 9.oooouu C1.3C7663 3 20 &.oooovo 8.000000 0.037753 3 21 
6.000000 7.000JOJ J.487254 22 
6.000000 6.000000 0.949138 23 
6.JJ"::;QCO lj.QVOOUO 3.457!51 24 
6 el...'00L)O:J 4.0ooouo C'. 8?4239 25 
6 • J'.'OrJi")r, ?.OJOJOO 2.17069C' 27 
6.()()()()0() 1.cnor:)o 2.lY-'"fir) 28 
5.0JOOvC' 14.000000 0.(;66821 29 s. o,Juo,._:o 13.0000UO (). QC9761_, 1 30 
5.UiJ~JOG 12.ooococ J.031~63 3 31 
5.0JDOOO 11.ooouou 5.798878 3 32 
5.0·JUOOO 10.coococ 46.252147 3 33 
5,0000vO 9.QOOuOU 37.216625 3 34 
5.0JJJJ() 8 • OJC~G1.,. 1.566158 3 35 s.c,00•1cc, 1.000000 2.065662 3 36 
S.COO0'Ji') 6.JJOCJ: 2.:ios2ss 3 37 
5,•'.:),JC)(),J,; s.ooocoo 3.Z,9632 38 
S • Q,J l),J J ~ 4.0JOJC'l 1.981384 39 
5. ooc;nur) 3.0000'10 3.536889 40 5.0J:-'()(),~ 2.0JOC",}J l • 4 34 l 7 1 41 o::,. Q,10000 I .DQIJf'O') 2~.978607 42 4.o'J=noo 14 • CJ('OIJC) (1. r, 1? 2 7':; 43 
t+. oooo·Jo 13 .ooo•Joo Cl,110069 44 
4.00JOOO 12.0..10COi..1 ').061206 45 4,Q'.)(_!O0O 11.(JCOOUJ 1 • 813 l 4 l 46 
4e 0-1,~'JJC 1.;.cooocc 2.652738 47 
4,0JC00C 9 .OO(H)OO 47.4~9913 40 
4.0000(10 s.oonoco 19.~51999 49 
4.0,)000'.) 1.ooonoo 15.~4>3131 so 
4.C'JC'l:J000 6.oocoo: 24.172413 51 4. QJ(J')Q'J 5.0cn000 1,10859'] 52 4.nnooon 4.GJC":JO 1.295328 3 53 4.000000 ,.000000 ').09547') 3 54 
4e l10<J000 7.00(',~lOQ 4. 756120 3 55 
4e00:J0V0 1.000000 3.759()12 3 56 
3.oooovo 14.0000CO r.453307 3 57 

13.CCJC'OOO 8.3856C5 3 58 12.CUOJOO 4.610372 3 59 3.oou1uo 11.000000 1.483267 3 60 
3.0Q0 1)U0 10.000000 6.493369 3 61 1 .0:)1")')()() 9.00r:'OOC 26.298994 3 62 3.Q')rJ'lOO a.ooncoo 11.368674 3 63 3.oocioo,J 7.COC':100 11.368674 64 3.000".hJC 6 • o,JCUOC 5.C:49789 65 3 .()Jl;•~UQ s.ooouoo 24.79'!:- 77 3 66 3 .l)O•JOUO 4.ooouou 20.028884 3 67 3.CJiJOOO 3 .ovo;;co 4.903449 . 3 68 3.000000 2 .OOOvOO 23.25848') 3 69 
3.-JO~JUO 1.000000 2.632169 3 70 2.ooovvo 14.0,JQQOO 2.699498 3 71 2.GJ(:OJC 13.00JOOO 21.569146 3 72 2.000000 12.000000 6.465171 3 73 2.000000 11.000000 0.170592 3 74 2.0,)0J0(1 10.onooco 4.212315 3 75 2.ocoooo 9.000:JOO 8.517996 3 76 2 • 0:)Q<'JOO 8.oooooo 14.559?28 3 77 2 .1),J('()Q(\ 1.000000 13,417304 3 78 2.000000 6.000+JOO 13.729334 79 2,UOJJOO 5.COOG-00 19,159832 3 80 2.0Jv000 4.0UOv0u 3.771,J43 3 8 I 2.oc,0000 3.000000 18.3611D1 3 82 2.0JOOOO 2,C..)OQOO 35.433421 3 83 2 .OClOOi.;J 1.000000 8.120957 84 1.000000 14.000000 11.924857 85 1.000000 13.000000 12.293697 86 1.000000 12.000000 6.359708 87 1,rnoooo 11,000000 3,~26lf"J4 88 1 ,Ot1UIJOO j ·J • 000000 l.!11711 3 89 
1.·),JOOC:O 9,C00JOO 0.084873 3 90 
1.000000 s.ooocuo 9.082691 91 
1.oovooo 1.000000 4.976256 92 
1.ouoouo 6.000000 A,79835'J 93 
1.oocooo s.000000 12 • 525J84 94 
1.000000 4.000000 6.705799 95 
leOJOOUO 3.000000 17.131839 96 
1.0ooouo 2.000000 1. 755699 97 
1.r:ir:io0on l.OJQOOO 17.044127 98 
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APPENDIX TABLE 11. 

C Z I 7 I COUNTY TOTAL MINERAL VALUE + AGRICULTURAL PRODUCTS VALUE 
C DUE TO IRAlGA1lON/(U8IC Mfl£ 

y Zr I) 1-3 NOo 

7 .000000 14,000000 0.185496 4 
1.000000 13,000000 1.59690;> 
1.000000 12,000000 1,588712 4 
1.000000 11.000000 q.008992 . - 4 
7 • 000000 10.000000 8,263765 4 5 
7, 000000 9,000000 01041818 • 6 
1.000000 8.000000 0,937538 4 7 
7,000000 7.000000 0,44Bl25 • 8 
7,000000 6,0000DO 0-174681 4 9 
1.000000 5 .000000 1,310055 • 10 
1.000000 4.000000 0,410854 4 11 
1.000000 ,.0011000 0 • 01 3871) • 12 
7.0J0CJQ 2,00000() 1 ■ 126400 4 13 
7 .000000 1.000000 1. 504580 4 14 
6.oooouo 14,000000 0,387442 .. 15 
6,000/JOO 1~.000000 O.! 7960 I .. 16 
6,0cca,Jo 12.000000 1,803727 .. 17 
&.ooooc.,o 11.000000 25.964916 • 18 
61000000 10.000000 2. 5, 644584 4 19 
6,000000 9,000000 0,487592 • 20 
6,000000 8,QOOOUO 0,105998 4 21 
6,000000 7 .000000 o. 586994 22 
6,000000 6,000000 1,021552 .. 23 
0.000000 5.000()0() 3.457151 .. 24 
6.000000 4.000000 D.824239 4 25 
6.000000 3.000000 0.201143 4 26 
6,000000 2.000000 2.17069n 21 
6.ooocoo 1.000000 2 .13UOOO 28 
s.000000 14.Q\,,10000 0,337992 4 29 
~-000000 13.000000 o.051460 4 30 
5.000000 12.000000 0,076562 3 l 
,.000000 11.000000 'S.798878 4 32 
5.000000 10.000000 46.252347 4 33 ,.ooooor, 9.oocooo 37.2166;?~ 4 34 
5,000000 8,000000 1,566158 4 35 
5.000000 7.000000 2.081096 4 36 
s.000000 6.000000 2.508285 4 37 
s.000000 s.oooouo 3.?39632 4 38 
5.000000 4.000000 l. 981 384 4 39 
5. 000000 3.000000 3.~16889 • 40 
s.ocoouo 2.coocco 1 • 4341 71 4 41 
5.000000 1.000000 2::>.978607 4 42 
4.0JOOuO 14.r,oo:::;..:o J.172892 4 43 
4.000000 13 .OJO'.JOO 2,092565 4 44 
4.COOOvO 12,000,00 D.264782 45 
4.0UDOOO l l .OOOOOU 1.924402 • 46 
4.00,JJOO 10.000000 2.937413 4 47 
4.000000 9.000000 47,605050 4 48 
4.00000G s. ro,=--or)o 19.':.186673 4 49 
4.00000C 1.000000 15~b28800 .. 50 
4. 00 1)'.JOl) 6.00COJO 24.172413 4 51 
4.000000 r,.000000 1.308591) 4 52 
4.0CJ,JV(1 4.00000') 1.29?<?8 4 53 
4.IJJuOJO 1. u.)OUIJV J.095470 4 54 
4.00J00D .?.OOOUGv 4.75t,12() .. 55 4.uuuuvu 1.uuuuuo 1.759012 4 56 3,000000 14.000UOO o. 7t!2'H!::> 4 57 3.DOOOvO 11.ooooou 9.636464 .. 58 3.000000 ll.QDOOuO 6.35ll?58 4 59 3.00(1000 11. O'.JOOOO 1. 70 78':i 1 4 60 3.000000 1G.OJOOCO o.775.989 4 61 3.000000 9.0000UO ?6. 351 758 4 62 3.000000 8.ooooou 11.470703 4 63 3.000,Jvu 7.0JUOOC 11 • 410241 4 64 3.000000 0.000000 ':l.049789 4 65 3.00JJOO s.c,,JOUOC 24.795077 4 66 3.000000 4 .ovooou 20.028884 .. 67 3.00COJO 1.ouoooo 4.903449 4 68 3.000000 2.000000 2'3.25848(' 4 69 3.oooovo 1.ooooco 2.632169 4 70 2.000000 14.00001)0 4.859997 4 71 2.000000 13.0:JOOOO 23,420139 4 12 2,000000 12.000000 7.751169 4 73 2.ooooon 11.008000 ,",.?66977 4 74 2.oooouo 1 u. 000(:00 4• 28l1 961 75 2.UOOOC'O 9.000000 8.601113 4 76 2 • oooouo B.000000 14.559528 4 77 2.uooouo 1.ooouoo 13.468008 4 78 2 • 00000,) 6 .000000 13.7293'34 4 79 2e0\JOOOO ':>.OJOOvO 19.159832 4 80 2.ocioooo 4.ooouoo 3.77104'3 4 81 2.000000 3.0JCJOO 18.36ll01 4 82 2.000000 2.000000 35.4'33421 4 83 2.uouooc 1.000000 8-120957 4 84 1,0)0000 14.0-00000 12.216066 4 85 1.000000 13.000000 13.281958 .. 86 1.oooovo 12.000000 7, I 51 382 4 87 1.oocouo ll.OOOiJOO 3,637179 4 88 1,000000 10.000000 lolll711 4 89 1.000000 9.000iJ00 0.084873 4 90 1.000000 8,000000 9,088511 4 91 1.000000 7,0JOOuO 4.976256 4 92 l .000000 b.OOOOOv 8,798350 4 93 1.000000 5,000000 12,525084 4 94 1.000000 4.000000 6.705799 4 95 1.000000 3,000000 17,131839 4 96 1.000000 2 ,000000 1. 755699 4 97 1.000000 1.oocouo 17.044127 4 98 
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Figure 1. Plot of Original Data Z(l) Coordinates 
Value Per Square Mile (Scaled) of Kansas for 1960 for the County total mineral va ue per sguare ml e 
Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
Plotted Values have been multiplied by a Factor of 10 to the 2 power 
x-Scale is Horizontal x-Value • 1.00 + 0.0706 x (Scale Value) 
y-Scale is Vertical 
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Figure 2. Contoured Sixth-De~ree Surface Z(l) 
Value Per Souare Mile (Scaled) of Kansas for 1960 for the County total mineral value per square m1.1e 
Plotting Limits 
Maximum x 7.000000 Minimum x 1.000000 
Maximum y 14.000000 Minimum y 1.000000 
x-Scale is Horizontal x-Value • 1.00 + 0.0674 x 
Contour Interval• 2.00 = .02x10 • ~20 1000 
Reference Contour• 35.00 •0 35 x 10 = $350,000 
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Figure 3. Plot of Sixth-Degree Residuals Z(l) 
Va\ue ~i~ ~~~Ii-I ~11 (Scaled) of Kansas for 1960 County total mineral va ue 
Plotting Limits 
Maximum X - 7.000000 Minimum X = 1.000000 
Maximum y - 14.000000 Minimum y ... 1.000000 
Plotted Values have been multiplied by a Factor of 10 to the 2 power 
x-Scale is Horizontal x-Value -1.00 + 0.0706 X (Scale Value) 
y-Scale is Vertical 
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Figure 4. Plot of Original Data Z(2) Coordinates 
~fAH~aI~ra~3ugfea~l~ui~fi,lidpr8au~ffiSff8efFa l~~~gitiSRe County total value of all 
Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
Plotted Values ha•e been multiplied by a Factor of 10 to the 2 power 
x-Scale is Horizontal x-Value • 1.00 + 0.0706 x (Scale Value) 
y-Scale is Vertical 
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Figure 5. Contoured Sixth-Degree Surface Z(2) 
total mineral value 

Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.0000000 
Maximum y • 14.000000 Minimum y • 1.0000000 
x-Scale is Horizontal x-Value • 
Contour Interval• 2.00 • .02xl0° 
Reference Contour• 35.00 •0 • 
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y-Scale is Vertical 
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Figure 6. Plot of Sixth-Degree Residuals Z(2) 
Value ier Sauare Mile £Scaled) of Kansas for 1960 agr1cu tura1 producfs due fo 1rrigat1on per sguar~ 
Plotting Limits 
Maximum x = 1.000000 Minimum x • 1.000000 
Maximum y = 14.000000 Minimum y • 1.000000 
Plotted Values have been multiplied by a Factor of 
x-Scale 
y-Scale 

is Horizontal 
is Vertical 

x-Value = 1.00 + 0.0706 x 

14 .CO :::345C7e9~1\:~:17:BCl / l234567~:2:234507R9 
n.ee \~ 
13. 76 
13.65 
n.53 
13.4~­
l3.2Cl 

---13.18 

13.0t •123 
---1f.94-

__ H!.!:!L __ _ 
12.11 

-- ~~:~i------
12. 35 
12 ■ 2" 

.P_.12 -161_ 
12.CO 
ll,8R 
11.H 
11.65 
11.53 
11.lol 
11.n 
11.111 
11.ct -toe 
10.94 
lC.82 
10.11 
10.59 
10.47 
lC.35 
10.24 
10. 12 -13'< 
10.cc 

'il.8P 
9.H 
G.t:5 
'il.51 
g_,41 
<:l.29 
q_ le 
IJ.Cf. -212 
8.94 
8.P2 

::~~ 
8.47 

t!.;.y,,, 
a.cc -
7,eP 
7. H 
7.t,5-------

7.51 
7.41 
7.?G 
7.lfl 
7.Cf -R2 
6.',14 
6.B2 
6.71 
6.5G 
6.47 
6.35 
6.24 
6.12 +q 

ti.er 
5.£'P 
5.U-
5.t': 
5 • 5 3 
5.41 
5.2<; 
5.11'' 
s.ce +197 
4_q4 
4.P/ 

"-71 
',.59 
4.47 
4, 35 
4.24 
4.12 -13l 
4.CC 
3,Rfl 

3.H 
3,tc;. 
3."3 

3.41 
3,2<; 
3.11' 
3.Ct + lj.4 
2.<;4 
2.82 
2.11 
2."i<; 

-17 

-2:B 

♦ 4f<9 

- 71 

-l 5O 

+1<;7 

,, 
' 

-3"0 

;::~. 
2.24 
2.12 -117 
2.Gr / 

::;:/ 

~"- ',~ 

. . "'. ~ . - •1 I 
----- -~ 

l.t" 
l. -S ~ 

1-'" 
1.2c; 
l.lP 
l.Ct +7,.9,.; 

-75 -854 /-234 
L-----

•47 +59C 

\ 

\ 
\ 

-157 +t 13 

-117 

-l27 -253 

-1P6 

gf1~ounty total mineral value+ 

10 to the 2 power 
(Scale Value) 

... 

+15t. 

-44l, 

-152 

♦ 274 

u1n<o">f7'·9 I.?J4"if 7>H; 123'<'>t.7fHJ 1.n4'it7B'I 123456789 123456109 123456789 I2345t789 t2H567e9 1234%78':I tl34'>6 7 R'-l 

48 



Figure 7. Plot of Original Data Z(3) Coordinates 
Yalue Per Sauare Mile fScaled} of Kansas Ll'G value per square m le for 1960 for County oil, 

Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y = 14.000000 Minimum y • 1.000000 

gas and 

Plotted Values have been multiplied by a Factor of 10 to the 2 power 
x-Scale is Horizontal x-Value • 1.00 + 0.0706 x (Scale Value) 
y-Scale is Vertical 
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Pi ure 8. Contoured Sixth-De 
·/alue Per Saufre Mile (Scaled rer square mi e 
Plotting Limits 

ree Surface 
of Kansas or County o va ue 

'.1aximum x • 7.000000 Minimum z~•......;1::.:.:.0::.:0::.:0:.::0.;;:.0.=.0 ________________ _ 
Maximum y • 14.000000 Minimum y • 1.000000 
y.-Scale is Horizontal x-Value • 1.00 + 0.0674 x Scale Value 
Contour Interval• 2.00 • 20 000 
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Figure 9. Plot of Original Data Z{4) Coordinates 
yalfe trr s3ua~e ~li ~Scalid) of rr ga onro uc s es o , gas ~8BsrJGfor 1960 for County value of mineral plus 

Plotting Limits 
Maximum X - 7.000000 Minimum X - 1.000000 
Maximum I - 14.000000 Minimum I - 1.000000 
Plotted Values have been multielied bI a Factor of 10 to the 2 eower 
x-Scale is Horizontal x-Value -1.00 + 0.0706 X {Scale Value) 
y-Scale is Vertical x~ 
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Figure 10. Contoured Sixth-Degree Surface Z(4) 
VarrlueaPer Sguare Mile <Scaled) of KausasGfor 1960 for County value of mineral plus i ig tion Eroducts ie~s 011, gas and Ll' 
Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
•-scale is Horizontal x-Value • 1.00 + 0.0674 x (Scale Value) 
Contour Interval• 2.00 • .02xl06 • $20 1000 

y-Scale is Vertical 

Reference Contour• 35.00 •O • 35 x 106 • $350 1000 
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Figure 11. Plot of Original Data Z(S) Coordinates 

Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
Plotted Values ha•e been multiplied by a Factor 
x-Scale is Horizontal 
y-Scale is Vertical 
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• 
Figure 12. Contoured Sixth-Degree Surface Z(5) 

for County agricultural products 

Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
x-Scale is Horizontal x-Value • 1.00 + 0.0674 x (Scale Value) 
Contour Interval• 2.00 • .02xl06 • $20 1000 
Reference Contour• 35.00 •0 • 35 X 106 • $350 1000 
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y-Scale is Vertical 
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Figure 13. Plot of Sixth-Degree Residuals Z(S) 
Vafue aer ~gurF,i5tfoA861tei~ugfeKfii~8 for 1960 for County agricultural products va ue ue 
Plotting Limits 
Maximum X - 7.000000 Minimum X - 1.000000 
Maximum y .. 14.000Q00 Minimum y - 1.000000 
Plotted Values have been multiplied by a Factor of 10 to the 2 power 
x~ca}e u VgfHgii81 x-Value -1.00 + 0.0706 X (Scale Value) 
y ca e 'i----t 
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Figure 14. Plot of Original Data Z(7) Coordinates 
Value ier Sauare Mile (Scaled"! of Kfnsfs for 1960 agt1cu curaI products va~ue ofie to rr gat1on per 
Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
Plotted Values have been multiplied by a Factor of 10 to the 2 
x-Scale is Horizontal x-Value • 1.00 + 0.0706 x (Scale Value 
y-Scale is Vertical 
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Figure 15. Contoured Sixth-Degree Surface Z(7) 
Value ier Sauare Mile (Scaled) of Kansas for 1960 
agticu turaL products vaiue dfie to 1rr1gat1on per t8&i~oMYiX total mineral value+ 
Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
x-Scale is Horizontal x-Value • 1.00 + 0.0674 x (Scale Value) 
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Figure 16. Plot of Sixth-Degree Residuals Z(7) 

ofbCountv total mineral value+ cu Ic m11e 
Plotting Limits 
Maximum x • 7.000000 Minimum x • 1.000000 
Maximum y • 14.000000 Minimum y • 1.000000 
Plotted Values have been multiplied by a Factor of 10 to the 2 
s-Scale 
y-Scale 

is Horizontal x-Value • 1.00 + 0.0706 x (Scale Value) 
is Vertical 
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