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ABSTRACT 

This thesis examined the characteristics associated with individ

ual land parcels that were actually sold during I97U through 1979 for 

the 15-county area of the Ogallala Aquifer in the Southern High Plains 

of Texas. The sample examined represented over 90 percent of the total 

number of parcels sold for the study period. Characteristics associa

ted with the aquifer, that is the gallons per minute potential, the 

size in acres of a parcel, and the distance in miles from the closer of 

Lubbock or Amarillo,were found to have the greatest impact of those 

studied on the price per acre of rural land in the study area. The 

parameter estimates, which were also the price elasticities with respect 

to the characteristics, were 0.3103, -O.28U3 and -O.296I, respectively. 

All of the variables studied yielded parameter estimates that were sta

tistically significant except the natural log of the pumping lift in 

Model 3. However, on a county by county basis there were several param

eter estimates found to be not statistically significant. 
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CHAPTER I 

INTRODUCTION 

The primary soiirce of irrigation water for the High Plains region 

is the underground Ogallala Aquifer which is exhaustible and effectively 

non-renewable in spite of an annual recharge rate of about 3/20 to 1/2 

inch (2U) compared with a 3 to i+ feet per year rate of withdrawal (32). 

Studies have indicated that the development of irrigation and associated 

benefits may have already begun to decline as the aquifer is exhausted. 

Indications are that this exhaustion may be economic due to increased 

fuel costs for pumping water from the aquifer rather than a physical 

exhaustion of the water itself. 

As the irrigation-based benefits to the High Plains economy decline 

as projected because of the declining aquifer, and if water is not 

imported into the area, then these effects are expected to be observable 

in the changing values of rural land in the area. Some authors (23, 27) 

have observed a widening difference between a value for rural land 

based on current net returns to agricultural enterprises and its actual 

market price. This difference, if it exists (52), could change as irri

gable land becomes unirrigable as the aquifer declines and/or as other 

pumping costs, including energy costs, increase. The Federal Land Bank 

has indicated that there is evidence that yields and returns to farm 

enterprises decline as the aquifer declines, resulting in capital losses 

to the landowners. For several years overall farm capital losses have 

tended to be subsidised by monetary increases in the value of the land. 

Landowners will be forced into readjustments in their net worths as the 



expected decline in the High Plains economy is reflected in adjustments 

in land prices. Several financial adjustments are likely to be neces

sary as farmers with differing financial situations attempt to cope 

with the expected changes in land evaluation. There are several possi

ble situations that landowners may have to cope with, the most obvious 

being (l) declines in the price of irrigated land, (2) declines in the 

rate of increase in value, or (3) greater increases in the value of 

dryland farmland relative to irrigated farmland. 

Production per acre generally can be expected to decline as agri

culture shifts from an irrigated to a dryland technology. The expected 

results from a decline in production per acre caused by a decrease in 

irrigation include increased variability in the net returns to agricul

ture. This, in turn, could lead to readjustments in the price level 

of rural land. Any change in the value of land will affect its use as 

collateral in obtaining the short term and long term credit needed for 

meeting agricultural production expenses and farm expansion plans. 

Those landowners who own or purchase land near the areas of the aquifer 

with low saturated thickness will be affected first and perhaps most 

significantly, although all landowners in the Southern High Plains of 

Texas can reasonably expect to be affected. 

Specific Problem 

As the Ogallala Aquifer declines, owners and prospective owners 

of rural land in the Southern High Plains must decide between alterna

tives regarding their future land ownership plans. Current landowners 

must decide whether to continue to own, to purchase additional land. 



or to sell their land, and prospective landowners must decide whether 

or not to purchase land. These decisions will be made based on the 

expected net present value of individual land parcels. Expected net 

present values will depend on expected net returns to rural land which 

are affected in t\irn by expected incomes from both farm and nonfarm 

uses. It is necessary when attempting to make short run adjustments in 

overall farming operations to know the values of inputs for each pro

duction period. It would be helpfiil to be able to differentiate land 

values into farm and nonfarm factors, and then to be able to separate 

those factors related to the benefits of the Ogallala Aquifer from those 

of strict dryland crop production. 

Objectives 

Differences among individuals' utility functions and the indefinite 

nature of each individual's expectations make it difficult to separate 

expected annual capital gains from expected annual net returns to pro

duction in observed market-established prices of rural land. Therefore, 

the overall objective of this analysis was to determine the relation

ship between the real market price per acre of rural land in the South

ern High Plains of Texas and various farm and nonfarm variables that 

affected the price of each land parcel for the period 197^ through 1979-

Specific objectives were to 

1) identify the variables which affected rural land values, with 
emphasis on those related to the Ogallala Aquifer, 

2) formulate a statistical model to delineate the effects of 
those quantifiable variables that affect rural land values, 

3) determine which variables significantly affect rural land 
values, and 



k) determine the magnitudes of the parameters of the variables 
that significantly affect rural land values. 

Study Area 

The study area included Bailey, Castro, Cochran, Crosby, Deaf 

Smith, Floyd, Hale, Hockley, Lamb, Lubbock, Lynn, Parmer, Swisher, 

Terry, and Yoakum Counties of the Southern High Plains of Texas (Fig

ure 1). 

Since the 1950's irrigation farming has developed and has increased 

High Plains agricultural production substantially, which has in turn 

rapidly expanded the High Plains economy. Osborn (32) indicated that 

in 1967 the total estimated value of irrigated crops in the High Plains 

was $633 million (82 percent of total crop production), and citing 

Census of Agriculture statistics, he indicated that the number of irri

gated acres increased from 3.0 million acres in 195^, to U.l million 

acres in 1959, to U.5 million acres in I965, and to h.Q million acres 

in 1969- Stoecker, et al, (50) in an update of Osborn's study, cited 

an increased irrigation acreage in 1977 to 6.0 million acres. Between 

1967 and 1977 the number of irrigation wells in the Texas High Plains 

increased from 62,000 to 71,000 (50). 

Cotton, feed grains, and food grains have been the primary crops 

grown in the Southern High Plains under irrigation (29, 50). Osborn 

and Mason (33) placed the value of this irrigated production at $562.9 

million in 1970. Total production, including $13^.6 million of produc

tion attributed to dryland farming, was $677.5 million for that year. 

Between the periods I968-I969 and 1977-1978 real agricultural output 

increased in all but 5 of 56 Texas High Plains counties (pO). A 
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livestock sector involving cattle and swine feeding developed as a 

vertical expansion of the large production of feed grains and included 

both commercial feedlots and slaughter facilities (33). The number 

of cattle marketed increased by 330 percent and the estimated slaughter 

capacity increased by 3 times in the Texas High Plains over the period 

1967-1968 to 1978 (50). 

Grain sorghum has become increasingly important as a crop in the 

High Plains as a result of the growth of the livestock feeding indus

try, especially since about 1950 with the introduction of hybrid vari

eties with their increased grain production potentials. Grain sorghum 

has become the second most important feed grain, next to corn, in the 

United States (Ul). Between I968 and I978 the acreage of feed grains 

declined (50), although feed grain production appeared to fluctuate 

around 200 million bushels over the same period. Corn had replaced 

grain sorghim to some extent over the period with grain sorghum making 

up about 58 percent of feedgrains in I968 and only Ul percent in 1978. 

However, the dominant crop in the economy of the Southern High 

Plains of Texas, cotton, accounted for the approximately I6 percent of 

U.S. upland cotton production in 197^ and almost 20 percent of the 

total planted cotton acreage in the U.S. Cotton has been a strong 

competitor in the enterprise mix of the High Plains since about 1920. 

Planted cotton acreage currently is below 195O levels, but since about 

1967 has been trending upward in most High Plains areas (29)- Cotton 

competes with grain sorghum and wheat in most of the area for land and 

water, and holds a competitive edge over either grain because of rela

tively greater net incomes in most years, especially in areas where 

irrigation water is limited (29)-



The major soils in the area are medium-textured sandy loams and 

fine sandy loams of the Amarillo series and the fine-textured soils of 

the Pullman, Olton, and other associated series (15). Water resources 

range from areas of no irrigation water in Deaf Smith, Floyd and Crosby 

Counties to about 2U5 feet of saturated thickness in Castro County. 

Pumping lift varies from 25 feet or less in Lynn and Crosby Counties 

to about UOO feet in Parmer County. Terrain ranges from rolling, often 

sandy land in the western part of the study area to flat, mixed and 

hardland in the central part to the breaks and canyons of the Caprock 

on the eastern edge. 

The major cities are Amarillo, just outside the northern part of 

the study area, and Lubbock, in the central and southern part. Several 

smaller cities also are found in or near the study area including 

Clovis, New Mexico, and Plainview, Hereford and Levelland, Texas. Most 

of the cities and towns were increasing in population size during the 

period of the study. 



CHAPTER II 

LITERATURE REVIEW 

Several models have been developed for describing the price of 

rural land. The models can be divided into two broad categories: 

single equation models and multiple equation models. The single equa

tion models generally are either some form of discounted net returns 

or are regression analyses of variables conceptualized to have an 

effect on the price of land. The single equation models have been con

sidered to be the more accurate means of predicting land prices, but 

in terms of estimation of the variable parameters the multiple equation 

models have been considered the best (23). Multiple equation models 

vary from 2-equation models (ko) through 5-equation models (U7). 

Pope, et al, (37) examined some previous single and multi-equation 

models with updated data. They concluded that overall, the multi-

equation models were the poorest predictors. They also stated that 

the magnitudes and signs of the coefficient estimates appear very sen

sitive to the sample period utilized. They suggested that capital gains 

are functionally related to lagged land prices, and that model specifi

cations do not reflect accurately enough the relevant structural changes 

and other characteristics of the farmland market. 

Single Equation Models 

Discounting Models 

Lee (25) and Lee and Rask (26) developed a single equation dis

counted cash flow model to arrive at a maximum bid price, or the price 
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that returns a net present value of zero for a parcel of land. Their 

model took into account discount rate, income expectations, credit 

terms, and the individual land purchaser's income tax situation. They 

determined that expectations regarding future economic trends and the 

purchaser's financial position at the time of purchase were major deter

minants of the maximum bid price in their model. 

Stanford (U9) utilized a present-value technique to forecast future 

land values. His paper was concerned with large plots of land located 

near cities that, having been subdivided, could not be sold at one time 

for their full potential value for a particular kind of use. The pro

cedure involved the application of discoimting procedures to future 

land "values" that had been calculated by appreciating current land val

ues to that point in time when the market would absorb all of the acre

age. 

Regression Models 

Parcher and Abdel-Badie (3^) utilized a regression analysis and 

discriminant analysis in an attempt to group land sales according to 

price. Their regression model included 15 variables, the significant 

ones having been l) acres, 2) general quality, 3) land type, h) produc

tivity index, 5) mineral rights, 6) road type, 7) distance to town, 8) 

distance to Oklahoma City, and 9) wheat allotment. They explained 51 

percent of the variation in land prices. 

Hammill (13) used a single equation regression model in a cross-

sectional analysis of farm real estate values in Minnesota in 1959 and 

I96U. Variables were put into three categories: l) soil quality, 2) 
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local development, and 3) location. Three of the variables used were 

significant in both the 1959 and the 196i+ analyses. They were, in order 

of importance, percent cropland, population-distance ratio, and crop 

production value. 

Harrell and Hoover {ik) used regression analyses in their cross-

sectional study of the important farm and nonfarm variables affecting 

farm real estate prices in North Carolina in 196i+. They were particu

larly interested in the value of crop allotments and the impact of 

urbanization on farm land values. They included twelve variables and 

used counties as the units of observation, with the counties distribu

ted among k subregions of the state. In their Piedmont Region, changes 

in population, a proxy variable used to indicate nonfarm forces, was 

significant. In the Piedmont and Coastal Regions, flue-cured tobacco 

allotment was closely associated with real estate values. Other impor

tant agricultural factors were corn production potential and total land 

in the county. 

Blase and Hesemann (7) considered 27 variables categorized into 

7 groups in their cross-sectional study utilizing regression analysis. 

Their objectives were to explain the variation in land prices for a 

sample of Missouri farms and to explore a method of analysis of farm 

land prices. They utilized two models, one a reduced form equation, 

and determined that in both models h variables were significant: l) 

percent of land in each farm capable of producing row crops, 2) age of 

largest barn, 3) size of largest barn, and k) percent of purchase price 

required for down payment. 
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Klinefelter (22) attempted to identify the major factors or econ

omic indicators related to land values and to estimate the effect of 

these factors on Illinois fannland values. The variables he selected 

were l) net rent, 2) average farm size, 3) the number of voluntary 

transfers of farmland, and k) expected capital gains. With these var

iables he was able to explain 97.3 percent of the changes in the deflated 

index of Illinois farmland values over the period I95I-I970. In his 

discussion of inflation he assumed that due to the fixed nature and 

diminishing quantity of available fannland, along with increasing demand 

for alternative uses, the real value of farmland has not declined. In 

his discussion of capital gains he stated that when a capital gain of 

several percentage points was added to a low annual return of investment 

from fanning the land could be a good hedge against inflation. 

Wise and Dover (63) found building values to be the most important 

variable in their stepwise regression analysis (R = .7982). Other sig

nificant variables were l) whether or not the land was in a residential 

area, 2) purchases for retirement, and 3) size of acreage, along with 

some locally important factors. 

Herr (18) utilized regression models including and excluding fin

ancial variables in a pooled time series-cross sectional analysis of 

individual parcels in Iowa and South Dakota. Implications were that 

the price determining variables were those associated with the tract 

rather than the financial variables. Significant variables were l) 

year, 2) tract productivity, 3) building value per acre, h) percent of 

tract cultivable, 5) acres in tract, 6) non agricultural influence, 7) 

reasons for sale, 8) buyer's assets, and 9) percent of tract financed. 
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He was able to explain about half of the variation in prices with the 

variables he chose (R^: Iowa, .1+9; South Dakota, .57). 

Hauschen (16) utilized a multiple regression model to determine 

the impacts of l) demand for farmland for nonfarm uses, 2) advances in 

technology, 3) financial ability of farm operators to meet debt obliga

tions from real estate purchases, and h) returns to farming. He deter

mined that for the period I95O to I976 the major determinants of farm 

real estate values were l) net returns to farming and 2) technological 

advances. He made use of distributed lags for net farm income and per

sonal income of the farm population from nonfarm employment per acre. 

He explained 93 percent of the variation in land prices. 

Kuhlman (23), in a time series study of U.S. farm land prices 

from I9U0 through 1977, used a regression model to analyze the effects 

of 12 variables on farm land prices. The author utilized an Almon poly

nomial distributed lag procedure to express the effects of net income 

and past capital gains over more than one period. He concluded that 

the most significant variables were l) net farm income, 2) past capital 

gains, 3) mortgage interest rate, k) nonfarm demand for land for urban

ization purposes, 5) demand for food and fiber by the consumer, and 6) 

government payments. 

Chavas and Shumway (8) investigated Iowa land prices during the 

period I967 to 1977. Because their data were from a farm region, non-

farm influences were largely ignored. Their model was dependent on 

lagged commodity prices, the Consumer Price Index, corn yield in Iowa, 

and regional dummy variables. Their model, in log form, explained 
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99*2 percent of the variation in land price. Their price lags of 2 

years were more influential on land prices than 1-year lags. 

Nelson and Burton (31) examined factors causing variations in 

rural real estate values in eastern Oklahoma. Their study dealt with 

both agricultural and non-agricultural aspects of rural real estate 

values. They employed multiple regression models for 3 categories of 

rural land: l) all rural real estate, 2) rural agricultural real 

estate, and 3) rural non-agricultural real estate. Their model for 

all rural land explained UU.U percent of the land price variations. 

Significant variables were l) date of sale, 2) whether or not the land 

was in rural water district, 3) value of improvements per acre, and 

k) non-agricultural real estate. For rural agricultural real estate 

(R2 = .UU08) the significant variables were l) date of sale, 2) size 

of tract and its square root, 3) value of improvements, k) distance to 

the nearest county seat, and 5) square root of distance to the nearest 

county seat. For non-agricultural rural land the significant variables 

were l) size and its square root, 2) rural water district, and 3) 

improvements (R2 = .U6U2). 

Multiple Equation Models 

Herdt and Cochrane (17) utilized a simultaneous system of 3 equa

tions to study farm land prices. Their model included a demand equa

tion, a supply equation and an identity equation equating supply and 

demand. They found that technological progress coupled with a govern

ment price support system produced a situation that allowed arxifically 

high estimates of future incomes to be capitalized into rural land 

values. 
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Tweeten and Martin (53) used a 5-equation model to trace the 

sources of land price increments over time. Their paper was primarily 

concerned with the reasoning behind a 5-equation model developed by 

Tweeten and Nelson (5̂ +) to analyze a 1923 to 1963 time period. The 

earlier study (5i+) considered government programs, pressure for farm 

enlargement, and nonfarm variables to be the most significant variables 

Reynolds and Timmons (1+3) used a recursive 2-equation model to 

analyze data from I913 to I966. They concluded that farm land prices 

were determined by l) expected capital gains, 2) predicted voluntary 

transfers of farmland, 3) government payments for land diversion, h) 

conservation payments, 5) farm enlargement, and 6) rate of return on 

common stock. 

Net Farm Income Considerations 

All of these models as well as those by other authors (2, 12) con

sidered that variables either directly related to net farm income or 

which were measures of net farm income were among the significant fac

tors determining the price of rural land. In other studies net farm 

income was found to consist of 2 kinds of net returns, returns from 

production activities, either current (27) or expected net returns (36, 

1+2, 1+7), and capital gains. 

Treatment of net returns to production activities generally has 

consisted of the simple discounting of a siom of varying expected 

returns (1+2) or of a sum of returns changing at a constant rate (21, 

26, 27, hi). 

Treatment of capital gains, however, has varied somewhat from 

study to study. First, capital gains have been treated in both nominal 
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and real terms (27). Then, past capital gains (15), as well as expected 

capital gains (21, 26, 27, 1+2), have been considered as important 

aspects of farm income. Farm income itself has been considered as an 

important factor in contributing to capital gains (27, 1+2). Finally, 

capital gains have been handled on an annual basis as part of the annual 

net farm income (27, U2) or as a single expected capital gain figure at 

the end of an anticipated planning horizon (26). 

The idea of land rent has been approached in a rather simplistic 

manner. Harrell and Hoover (1I+) included a tobacco rental income vari

able in their cross-sectional analysis based on 1 year. Hammill (13) 

approached land rent in a similar manner in her cross-sectional study, 

and her analysis also was based on a 1-year average price. In a time-

series analysis, Klinefelter (22) employed a 3-year moving average of 

net rents which was significant in only 1 of his 1+ models, although it 

continued to maintain the expected positive sign. Chavas and Shumway 

(8) pointed out the reliance of past studies upon single commodity 

prices and utilized several product prices as well as lags in some 

prices in their model. They, however, left out of their model any 

accounting of input prices, which for a study during the 1970's with 

the concoramitant rise in the price of fuels could have resulted in an 

over estimation of the importance of product prices on land prices. 

Lacewell and Pearce (2l+) developed a model to evaluate alternative 

irrigation distribution systems. In developing their model they util

ized a cost figure representing the cost to pump one acre foot of 

water. Their cost figure incorporated saturated thickness and pumping 

lift as the physical factors determining cost, with increasing saturated 
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thickness a cost reducing variable and increasing pumping lift as a 

cost increasing variable (38). 

To approach the concept of land rent some investigators have taken 

a permanent income or permanent rent approach. Kuhlman (23) employed 

a polynomial distributed lag (l) and found that farm incomes in the sec

ond, third and fourth previous years exerted the most influence. Haus

chen (l6) also used a polynomial distributed lag of degree 2 incorpor

ating 5 periods. In a different type of study Feldstein and Eckstein 

(12) used distributed lags to test a permanent income approach to the 

demand for money. Their initial lag was a 12-period linear distributed 

lag, which various polynomial distributed lags they tried failed to 

improve upon. 

Hoover (19) differentiated between real and nominal capital gains, 

then estimated the importance of real capital gains. He limited the 

scope of his paper to farmer income as opposed to farm income, exclud

ing rented land owned by non-farmers. It was an aggregative study of 

changes in the stock of farm assets between I9I+O and I960. He warned 

that capital gains cannot be considered fully additive to farmer income 

because of the danger of double counting gains (losses) that are under 

(over) estimated in one year and their impact on following years. 

Switching from fanner income in the aggregate to individual farmer 

income he stated that "One would expect that the less capital owned by 

a farmer, ceteris paribus, the less important capital gains would be." 

He also mentioned regional and operational differences in capital gains 

to individual farmers. 
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Bhatia (6) found that even after inflationary allowances are made 

capital gains remain a large part of farmer income. His study was an 

updated analysis of capital gains over time (191+7-1968) and a compari

son of previous definitions and estimates. He modified by linear inter

polation a USDA series of March farmland prices to obtain year-end 

prices. He said the differences he found were mainly differences of 

magnitude. These differences were conditional upon the possibility 

that l) the USDA series overstated the true net investment in farm real 

estate with a downward bias since I96I and 2) the index of average 

price per acre was biased upwards. He concluded that l) real capital 

gains were about 56 percent of nominal gains, 2) capital gains have 

been a large part of farm income, more than 50 percent in some years, 

and 3) some adjustments would be necessary to exclude non-farmer 

income and to speak of farmer income as opposed to farm income. 

Barlowe (1+) included non-agricultural use as a important factor 

in higher land prices, even in the absence of high farm incomes. Non-

agricultural uses generally have been considered in terms of urbaniza

tion (5, 7, lU, 20), and have been measured by distance to a large 

city (5, 20), by changes in population (lU), or by a combination (13). 

Bell, et al (5), utilizing a regression model, found that the inner 

zone of urban influence on population change extended 11 miles out from 

Lubbock. They also supposedly determined a distance to an outer fringe, 

but failed to include a figure for it in their analysis. 

Other Types of Analysis 

Montgomery and Tarbet (30) summarized the results of a survey 

and found that land returns and farm real estate values for a sample 
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of Washington wheat-pea farms during the years 1963 and 196I+. They 

attributed the increasing disparity between land returns and farmland 

prices to expectations of rising future returns. They also described 

some characteristics of land buyers, mentioning that about half the 

transactions were between family members. Also, many of the buyers 

were operators of large farms and often merely bought land that they 

had been operating previously. 

Inflation 

Tweeten (52) demonstrated mathematically that the current rate of 

return on farmland, defined as the ratio of rent to price, is invariant 

to inflation. He also discussed some other inflation-related problems, 

such as if land rents are expected to rise at a faster rate than infla

tion, then inflation will have an impact. Also, the ratio of high 

interest rates to rent has been a characteristic of economies under 

high inflation rates, but the problems are associated with cash flows 

instead of land prices. If adjusted interest rates are less than the 

rate of return on farmland, this has been a price increasing factor 

that historically has been increased by institutional factors holding 

interest rates for farmland purchase somewhat below what they otherwise 

would have been. Reinsel and Reinsel (1+2) mentioned that there is a 

tendency for asset prices, including land, to increase as the money 

supply expands. Lee (25) noted that, in real terms, oil prices increased 

only 2 times during the 1970's, in 197^ and in 1979-



CHAPTER III 

CONCEPTUAL FRAMEWORK 

The free market framework provides the incentive for land parcels 

to seek their most efficient economic use, or their highest and best 

use. For the rural land in the Southern High Plains of Texas this 

highest and best use is most often for agricultural production, includ

ing crop production, meat production on rangeland or highly intensive 

meat production in feedlots. The next highest and best use of rural 

lands may be for residential consumption, possibly followed by commer

cial uses for such things as grain elevators, cotton gins, or suppliers 

of agricultural production inputs. The price at which a parcel of land 

sells in a free market is a function of the interaction of the factors 

of supply and demand. 

Supply Factors 

Physical vs. Economic Supply 

A discussion of the supply of land necessitates the distinction 

between a physical supply of land and an economic supply of land. 

Physically there is a fixed number of acres in each county. Econom

ically, however, land can be subdivided into usage categories and the 

amount of land can vary in each category from year to year. Rural land 

is being utilized in residential consumption, cropland goes into and 

out of set aside, soil banks, or other diversions, rangeland becomes 

cropland and vice versa, so that the supply of rural land for specified 

purposes does indeed change. It may be expected that on a per capita 
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basis the supply of rural land available for all purposes decreases as 

population increases and as urban areas incorporate more rural land. 

Local Supply 

Another aspect of the supply of land is the location of a parcel 

of land with respect to other physical entities (cities, feedlots, cur

rent operations to mention a few). There is only a fixed amount of 

land in Lubbock County adjacent to U.S. Highway 87 or adjacent to a 

given current farm or ranch operation. Although it is possible for 

these physical entities to change, in this sense rural land supply is 

fixed from many different perspectives. 

Demand Factors 

The demand for rural land is derived from consumption, from pro

duction, or from both. Rural land also is valued as a capital asset. 

Consumption uses include such things as parks, recreation properties, 

and residential properties. Production uses include use of land as an 

input into food and fiber production, building materials, minerals or 

energy resources (especially if one includes subterranean resources). 

Rural land, therefore, is valued in terms of its use as a production 

input and its value as a capital asset. These categories of value can 

each be thought of as having a farm component and a nonfarm component. 

By farm component is meant those aspects of its value that pertain to 

agricultural production, including its value as a production input, a 

capital asset and its aesthetic or utility values to a farmer-purchas

er. Nonfarm components of the value of a parcel are those which gener

ally result from urban interests, including such varied aspects as 
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proximity to urban centers for commuters, recreational aspects, and to 

alleviate crowding. 

Factors Related to Agricultural Production 

As a production input rural land is valued in terms of its income 

producing capabilities. Many factors affect the value of land from 

the income-producing aspect and from the capital gains aspect. Those 

factors affecting income producing capabilities of land in the Southern 

High Plains of Texas include such things as soil productivity, irriga-

bility, proximity to input and product markets, costs of inputs such 

as energy, fertilizer and equipment, output prices, and government sub

sidies or price support programs. As an asset it produces capital 

gains (or losses in some circumstances), which is to say the asset 

itself changes in value over time. Capital gains (or losses) are 

affected by such things as the capitalization rate, mineral rights, 

inflationary pressures and alternative uses of the land, both current 

uses and those expected in the future. As the demand for food and 

fiber increases because of population increases, ceteris paribus, the 

demand for rural land will shift to the right in the manner of D to 

D-j_ in Figure 2. 

A collective term for factors affecting the earning capacity of 

rural land is the expected future net returns to that land. Capital 

gains, whether realized or not, must be included in expected net returns 

because at some time in the future the land likely will be sold and the 

capital gains will be realized. In the interim, an annual figure for 

the change in the value of a parcel of rural land needs to be included 

in the capitalization calculations in order to arrive at a conceptually 
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Figure 2. Effect of a Shift in the Demand for Cropland as a 
Response to Increasing Population. 
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valid net present value for the land parcel. Expected net returns 

take the form of net present value over a planning horizon. Land is 

considered capable of being used as an input and is a durable asset. 

The purchaser of land is buying an infinite stream of income whether 

he holds the land for months or years. The capitalization formula for 

a constant return for a given period of time is 

l-(l+r)-^ 
V = a (1) 

r 

where a is average annual return, r is capitalization rate, and n is 

nimiber of years the return is received. Equation (l) becomes, for an 

infinite time horizon 

a 
V : . (2) 

However, using the simplified capitalization formula, V = a/r, may 

lead to an assessment that land is overvalued. This conclusion comes 

from the assumption that returns remain constant from year to year, 

which is rarely the case. 

Increasing Prices for Inputs and Products. Generally, returns 

and costs can be expected to change over time, and, ceteris paribus, 

energy costs may be expected to rise faster than output prices rise. 

Increases in various other production costs could also be responsible 

for the changes in annual returns if these changes in production costs 

increase at a faster rate than do output prices. If one can assume a 
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constant rate of increase in energy costs or other input costs, the 

capitalization formula becomes 

a 
V = — 

r2 
(3) 

where i is average increment of decreased returns (1+). Total revenue 

over time may or may not change, but total costs can be expected to 

change at a faster rate than total revenue as they have demonstrated 

historically. Thus,the gap between total revenue and total costs 

which represents net profits would narrow which, in turn, would reduce 

the capitalized net present value of rural land parcels. 

Declining Aquifer. The declining Ogallala Aquifer presents another 

special situation in the determination of the net present value of 

expected future returns to rural land where water is available for irri

gation. This situation can be considered from two aspects. First, the 

declining aquifer can be considered in the context of a "mine" whose 

resource is open to common access exploitation, which is to say that 

the common aquifer is subject to exploitation by many individual deci

sion makers, each with his own objective function. Second, there is 

the likelihood that the aquifer will reach the point of exhaustion, at 

least in an economic sense, before the end of a planning horizon. 

The saturated thickness of the aquifer, the depth to water in the 

aquifer under a parcel, and the annual rate of recharge into an aquifer 

determine the physical supply of water available for irrigation. This 

physical supply of water will affect the amount of expected net returns 

from irrigation in the future for each parcel of land sold. A negative 
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net rate of recharge into an aquifer could reduce the future income-

generating capacity of a land parcel. Such an aquifer may be viewed 

as a mine whose resource would eventually be depleted. It is also a 

characteristic of underground aquifers that they do not follow property 

lines, and, generally, are large enough to extend under several indi

vidual land parcels which often are under different ownership. This 

situation provides for a system of common access exploitation of the 

aquifer. 

A common access pattern of exploitation generally results in over 

utilization of resources from a societal point of view (1+8). Rational 

producers use water to the point that their value of marginal product 

of water (VMP in Figure 3) equals the cost of water. With a common 

access resource, individual producers do not incorporate into their 

costs the costs to society (X in Figure 3) for using the resource. If 

the entire aquifer and the land overlying it were under the control of 

1 decision maker, he would optimize profits by incorporating all of the 

costs, including social costs (A in Figure 3), in his calculations. 

Generally, some form of regulation is necessary to encourage production 

at the societal optimum level of resource use when a resource is of a 

common access nature. In the absense of such regulation, level of use 

q^ (Figure 3) is observed and X is unknown. Furthermore, P^ is the 

cost on which the future expectations of private land purchasers are 

based, not the socially optimum price of P^. 

The second situation affecting Net Present Value, aquifer exhaus

tion, can be addressed through another modification in the capitalization 
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Figure 3. Points of Individual and Socially Optî ial Level of 
Water Use and Associated Prices (Costs). 
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formula. When the expected net returns are anticipated to increase 

or decrease for a given period, then be followed by a period of rela

tively constant returns, the capitalization formula becomes 

a i 
V = + 

r p2 
1 -

(l+r)^ 
(M 

where n is the number of years the income increment from irrigation is 

received, and i is, in this instance, the average additional net income 

due to irrigation (1+). Total physical product in this case can be seen 

to shift at some point in time to a lower level as an operator shifts 

from irrigated to dryland production (time t]_ in Figure 1+). Total 

costs and total revenues may be seen to respond in a similar manner, 

that is, declining sharply as the shift is made from irrigation costs 

and revenues to dryland costs and revenues. Marginal costs and marg

inal revenues may or may not change, depending on how the total cost/ 

revenue curves shift. 

Other Factors Affecting Expected Net Returns to Agriculture. Soil 

productivity is considered to be an important determinant in the level 

of incomes generated from a land parcel because more productive soil 

produces higher yields and, therefore, is considered an important var

iable affecting the price of rural land. Many factors affect soil pro

ductivity including soil type, slope, fertility, soil depth, and direc

tion of slope. These factors themselves can be affected by such influ

ences as period of time the parcel has been under cultivation and the 
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Figure 1+. Shift in Total Product Due to a Change in Technology 
Forced by Exhaustion of the Ogallala Aquifer, Assuming Other Techno
logical Considerations Maintain a Constant Rate of Increase in Total 
Product Over Time-
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cropping practices employed on a parcel, such as long-term conservation-

oriented practices versus short-term exploitative practices. 

Size and distance also may have an effect on expected net returns. 

A farmer may not be justified in paying a given price for a parcel of 

land if it is too small or too large for him to efficiently incorporate 

into his current operation. Travel time is increased by an increase in 

the distance to the nearest town in at least two important ways. First, 

there is an opportunity cost involved. As a farmer travels to town for 

parts, feed or other needs, he is unable to utilize the travel time 

productively on the farm. Second, an increase in distance traveled 

increases fuel, lubricant and maintenance costs. 

Government is another factor affecting expected net returns to 

agricultural production. Government programs often set floors under 

prices through price support programs. Government programs also can 

reduce income variability by including disaster and/or low yield pro

grams. 

Nonfarm Influences 

Many aspects of the demand for rural land can be attributed directly 

and indirectly to population pressures. Direct responses of the demand 

for rural land to population pressure include an increase in the use of 

land for urban purposes. The demand for rural land is affected indi

rectly by population pressures to increase living space or to alleviate 

crowding. 

There are 3 ways that population can proceed in the future with 

respect to the economy of the Southern High Plains. The population can 
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continue to grow, it can remain constant, or it can decline. If the 

population continues to grow, the demand for urban and commercial uses 

of rural land in the Southern High Plains would be expected to continue 

to increase even as the aquifer declines to a state of exhaustion. The 

demand for food would be expected to continue growing as would the 

increase in demand for residential housing and to a lessor extent com

mercial consumption. For the population to continue growing in the 

face of a declining aquifer, the commercial or industrial portion of 

the High Plains economy woiild need to expand possibly as other, less 

water intensive industries come into the area or as industries move in 

that are willing and/or able to pay the higher cost for water. 

The scenarios of zero or negative population growth could lead to 

a slower rate of increase in the price of rural land, and in the extreme 

could cause the rural land of the Southern High Plains to decrease in 

value as people and industries, manufacturing as well as feedlots and 

other industries moved out of the area. 

Those land parcels located nearer a population center theoretically 

should be valued higher than those located further from the center, 

holding all other things constant. According to Barlowe (l+),work by 

Von Thunen indicates that one can expect concentric rings of land use 

categories and that there should exist a distance beyond which Lubbock 

should exert no influence (OB in Figure 5) on land use. The values 

within each concentric ring will not be simply determined in a linear 

fashion, but may be expected to be greater on the average as the parcel 

is located closer to a city according to different land use categories 

(Figure 6). As an example, if one or several industries moved into the 
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Figure 5. Concentric Rings of Land Use Categories Emanating 

from a Major Urban Center. 
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Figure 6. Value of Land as a Function of Proximity to Urban 
Center and/or as a Function of Land Use Category. 



33 

region there could be an increased demand for rural land parcels 

within commuting distance of the urban center. Also, as population 

categories change from rural to urban, the character of the demand 

for rural land could change. 

Size of a parcel may be important as commuters and industrial 

interests may be interested in smaller parcels than strict agrarian 

interests, and might be willing to pay higher prices to otherwise 

unwilling sellers. For instance, a fanner may not be willing to sell 

5 acres out of his l60-acre field, except at a price per acre higher 

than he could receive for the entire l60 acres. One might also expect 

a relatively small parcel located far from town to be less valuable to 

a commuter. 

Government could have a number of influences on both current and 

future non-agricultural incomes through government needs for land for 

recreation, parks, military uses, or any number of other uses, and 

through tax rates and assessments. Governmental entities could condemn 

an area, thus affecting land prices and associated capital gains. A 

new recreation area might increase the values of nearby parcels, while 

a nuclear waste or garbage dump site might decrease values. Ad Valorem 

and other per acre based taxes might act as cost-increasing factors, 

thereby lowering the value of a parcel. 

Qualitative Variables Affecting the Demand for Land 

Sorting the effects of the variables considered most important in 

determining a net present value of rural land should leave a residual 

value for land that is dependent on a number of lesser variables, some 
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of which are quantifiable and some of which are not. Among those 

variables that are not quantifiable are "benevolence" sales, or those 

sales at a reduced value to family members, friends, or others for 

whatever reason land might be sold for a price under the market value. 

Other variables that cannot be readily quantified include nearness of 

a parcel to current agricultural or other commercial operations, aes

thetic values to the purchaser or seller, tax considerations of the 

purchaser or seller, and/or any nimiber of other factors that might 

affect a buyer's or seller's utility. 

Hypotheses 

The market value of land is determined by the influence of certain 

quantitative variables associated with individual rural land parcels 

on the net present value of these land parcels in the Southern High 

Plains of Texas. This market value of rural land parcels can be used 

by current and prospective rural landowners to decide among the alter

natives open to them regarding future land ownership. It is hypothe

sized that the real value of a rural land parcel is affected by its 

soil productivity, the proportion of cropland to non-cropland it con

tains, changes in local population, the thickness of and depth to the 

aquifer below it, the level of government programs, its distance from 

the nearest major urban center and the nearest small town, its size, 

inflation, the percent downpayment, input costs (including interest 

rates), and output prices. Specific hypotheses tested in this study 

are discussed below. 
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The percentage of cropland in a parcel is expected to have a posi

tive effect on real price because the more productive and, therefore, 

the more valuable land is expected to be farmed more intensively and 

have less "wasteland" associated with it. The percent paid as cash 

downpayment is expected to have a negative effect on real prices 

because a buyer who can pay a larger percent downpayment is attributed 

more bargaining power than someone who is only able to make a minimal 

downpayment. The size of a parcel can be expected to exert a negative 

influence on real price. Smaller parcels are "affordable" to a larger 

group of buyers, while larger parcels are more restricted with respect 

to the number of buyers that can afford and/or justify purchasing land. 

Distance to the nearest town is also expected to exert a negative 

influence on real land prices. The closer a parcel is to a town the 

lower transportation costs become to all potential purchasers. Prox

imity to larger towns and cities may have more of an influence on price 

than proximity to smaller towns. Towns and cities with growing popula

tions may have more influence on price than those with declining popula

tions because population pressure is expected to directly influence 

demand. 

Soil productivity is expected to exert a positive influence on 

real land prices. Depth to static water is expected to exert a negative 

influence on real price primarily due to the increase in pumping costs 

associated with deeper water. Thickness of the aquifer, or saturated 

thickness, is expected to exert a positive influence on real price. 

Commodity prices are expected to have a positive effect on real land 
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prices. Interest rates are expected to exert a negative effect on 

real land prices through their inverse impact when used to discount 

expected net income streams. 



CHAPTER IV 

METHODS AND PROCEDURES 

Overview 

The data used to represent the variables considered to be impor

tant determinants of land prices were gathered from a variety of public 

sources. The primary price, location and quantity data were obtained 

from county records of land sales. Data were also taken from published 

governmental reports, bulletins and publications, as well as other pub

lished sources. The data, while actually a pooled 6-year time-series 

and cross-sectional set of data, were considered primarily in terms of 

a cross-sectional analysis. The homogeneity of the time frame of the 

data and the historical framework surrounding the time frame seemed to 

allow a cross-sectional approach to the analysis. Multiple linear 

regression models were specified and applied to the data to test the 

hypothesis that the considered variables affected the price of rural 

land. 

Model Formulation 

An abbreviated statement of the hypotheses yielded the functional 

form of the models, which in general terms were 

Models 1 and 2: PLND = f(SIZE, PCRP, DG30, DL30, PDF, (5) 

COSTNG, GPM, DISINC, U), and 

Model 3: PLND = f(SIZE, PCRP, DG30, DL30, PDF, PNG, (6) 

LIFT, GPM, DISINC, U) 
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where PLND = the actual selling price in dollars per acre of rural 

land parcels, deflated by the Consumer Price Index 

(monthly), 

SIZE = the total size in acres of a rural land parcel, 

PCRP = the percentage of cropland to total land in a rural 

land parcel, 

DG30 = the distance in miles to the nearest growing city with 

a population of over 30,000 (which in practice was the 

nearest of either Lubbock or Amarillo), 

DL30 = the distance in miles to the nearest growing town with 

a population of less than 30,000, 

PDF = the percentage of total price for a rural land parcel 

paid as a downpayment, 

PGN = the average annual price per 1,000 cubic feet of natural 

gas to farmers for the year of the transaction, 

LIFT = the number of feet of pumping lift (estimated for I98O) 

from the aquifer beneath a rural land parcel to the 

surface, 

COSTNG = the dollar cost of natural gas required to pump an acre 

foot of water from the aquifer to the surface. 

GPM 

DISINC = 

the potential gallons per minute of the aquifer (based 

on estimates for 198O) which was a function of the satur

ated thickness of the aquifer, 

the discounted potential expected gross income from a 

parcel as a function of the previous U-year average Decem

ber price of cotton, the potential expected yield of 
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cotton lint per acre and a weighted average interest 

rate on new Federal Land Bank loans for the year of the 

transaction (land with no cotton production potential 

was assumed to earn $20.00 per acre from the sale of 

calves), and 

U = a stochastic error term. 

The difference between Models 1 and 2 was that Model 1 utilized 

a price for natural gas that was deflated by the Consumer Price Index 

and Model 2 used a price for natural gas that was not deflated. The 

Consimier Price Index was used to offset general inflation both for 

this variable and for the price of rural land. It was chosen over the 

GNP deflator because the CPI is reported monthly as opposed to quarterly 

reporting for the GNP deflator. It was chosen over the Wholesale Price 

Index as being a possibly better indicator of general inflation. Model 

3 was used to examine separately the components of COSTNG. 

The Variables 

In addition to the variables that were utilized in their original 

forms, certain variables were manipulated to allow what was hypothe

sized to be a more representative analysis of the relationships of the 

independent variables to the dependent variables in the models. The 

time element was handled through the use of the monthly Consumer Price 

Index to deflate actual selling prices to base year, 1967, prices. 

This procedure allowed the comparison of all parcels on a constant-

dollar basis and allowed the exclusion of a time variable £er se.. 
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The SIZE variable consisted of the sum of the number of acres of 

cropland and the number of acres of rangeland (which also included 

homesteads, wasteland and other miscellaneous categories of land) and 

was taken from the basic data found in county records. It was hypothe

sized to be nonlinear and was made linear by a logarithmic transforma

tion. Nonlinearity was expected because small parcels tend to have 

more uses for a larger number of buyers than large parcels. 

The percent cropland variable, PCRP, was created by multiplying 

the ratio of acres of cropland in each parcel from the county records 

to total land in each parcel by 100. This variable also was related 

nonlinearly to the deflated price of rural land, which seemed reasonable 

because the higher the percentage of cropland, the greater the likeli

hood that the soil is more productive; therefore, it has more income-

generating potential than parcels with a small percentage of cropland. 

These latter parcels were usually associated with pastureland, wasteland 

and other lower income-producing land. 

The variables for distance, DG30 and DL30, were constructed mathe

matically. A formula was utilized to determine minimum straight line 

distances between a land parcel and towns and cities of various sizes. 

The distance formula (3) used was a straightforward application of the 

Theorum of Pythagoras. A 2-dimensional form of the distance formula was 

used to incorporate the east-west and the north-south coordinates of 

each land parcel and the coordinates for each of several towns and/or 

cities to determine the straight line distance in miles to the nearest 

growing town of less than 30,000 population in 1970 and the nearest grow

ing town of more than 30,000 population: 
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distance = s/i^i - vi)2 + (u2 - V2)2 (7) 

where u^ = east-west coordinate for a parcel, 

U2 = north-south coordinate for a parcel, 

vi = east-west coordinate for town, and 

V2 = north-south coordinate for town. 

The east-west and north-south coordinates in miles initially were 

measured from the southwest corner of each county to the southwest 

corner of each parcel and finally from the southwest corner of the 

study area to the southwest corner of each county. 

The distance variables were also nonlinear because, as explained 

earlier, land parcels close to urban centers were more valuable than 

those located farther away and after a certain (unknown) distance the 

effect of distance on land prices was almost negligible. 

The distance variables also included population characteristics. 

Lubbock and Amarillo both increased in population between 1970 and 1976, 

so were the only cities included in DG30. Only those towns whose popu

lations were under 30,000 and that increased from 1970 to 1976 were 

included in DL30. 

The percent downpayment, PDF, was the ratio of cash paid at the 

time of the transaction to the total purchase price times 100. It was 

linearly related to rural land price and the data for this variable 

came from county records. 

The price of natural gas, PNG, was the average annual price charged 

to farmers by Energas Corporation per 1,000 cubic feet (MCF) for the 

year of the transaction. 
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Tied closely to the price of natural gas was the pumping lift, 

LIFT, which was the distance in feet from the surface to water in the 

aquifer, including drawdown. The pumping lift was interpolated from 

1980 projection maps found in Texas Department of Water Resource publi

cations (51). This variable was suspected to have a nonlinear rela

tionship with the real price of land because costs of pumping water 

increase with lift in a nonlinear manner (51). 

PNG and LIFT were chosen because the cost of pumping irrigation 

water was one of the most rapidly rising costs farmers had to contend 

with during the period of the study, which coincided with the initia

tion of and adjustment to the actions of the Organization of Petroleum 

Exporting Countries (OPEC) cartel. 

The variable COSTNG represented the cost of natural gas required 

to pump 1 acre-foot of water on a given parcel during the year of the 

sale. The amount of natural gas required could be approximated by a 

linear function of pumping lift (Appendix A). COSTNG was calculated 

as the price of natural gas during the year of the transaction times 

the amount required. 

The variable GPM represented the estimated potential volume of 

water from the aquifer beneath a parcel in gallons per minute. It was 

calculated as a cubic function of the saturated thickness of the aqui

fer (38) and reflected the abundance of water under a given parcel. 

The saturated thickness in feet was taken from I98O projection maps 

found in Texas Department of Water Resources publications (51)-

Discounted income, DISINC, was an approximation of the discoiinted 

expected gross income per acre from a parcel. It was derived from a 
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simple capitalization formula, and was calculated utilizing an average 

expected cotton yield potential for the general soil group the parcel 

was located in, a moving average of cotton prices, and a weighted 

average interest rate on new Federal Land Bank loans for the year of 

the transaction: 

(cotton yield potential)(average cotton price) 
DISINC = (8) 

mortgage interest rate 

The soil groups were those delineated In the soil surveys (57) for 

each county in the study area. Cotton yield potential was determined 

to be a suitable representative of productivity for all soils in all 

counties of the study area (Appendix B) even though cotton was not the 

major crop grown in every county. It was calculated by averaging esti

mated expected cotton yields under a high level of management where 

possible (57) for those specific soils found in each general soil type. 

The moving average for cotton prices was calculated using the average 

December price for cotton from the Texas Prices Received and Paid by 

Farmers (58) for the 1+ years previous to the sale of the parcel. The 

December price was used to represent the post-harvest period when most 

cotton was sold. When a parcel was found to be with no crop yield 

potential its income potential was assumed to be from livestock and was 

allocated $20.00 per acre gross income to represent earnings from a cow/ 

calf operation, assuming $1+00 incoine from each cow unit requiring 20 

acres. 
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The Analysis 

The mathematical formulation of equations (5) and (6) was based 

on examination of other studies, on conceptual relationships among 

variables and on examination of scatter diagrams of the independent 

variables against the dependent variable. Four mathematical formula

tions were tried for those variables thought to be nonlinear: an 

inverse of the value of the variable, a quadratic, a logarithmic and 

an exponential form. The inverse and quadratic forms were eliminated 

because their partial derivatives were dependent on the values of the 

variables themselves, which made interpretation difficult. 

Initially the dependent variable was not transformed in any manner. 

However, after the independent variables had been transformed a problem 

of heteroscedasticity of the error terms was encountered as the price 

of land increased. A logarithmic transformation on the deflated land 

price was tried and found to greatly reduce the problem of heteroscedas

ticity. This transformation also had the effect of making all variables 

regressed nonlinear in their relationship with the newly transformed 

dependent variable. The logarithmic transformation also allowed rela

tively straight forward interpretation of the partial derivatives for 

each variable. 

The stochastic form or the final statistical form of the model 

is specified below in equation (9): 

2 
(Z BiX.) + U 
1=0 ^ J 8 3, 

n X, -̂  . (9) Y = e • Jl A4 
•-•3 ^ 

0 = 3 
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This stochastic form implied interaction, so there were no interaction 

terms explicitly specified. Equation (9) was estimated by linear 

regression by utilizing the: log-log transformation: 

2 8 
InY = ZgiXi + ZBnlnX. + U (iO) 

1=0 j=3 

where the -̂ i and 3j are the regression coefficients, X^, Xj and Y are 

the variables and U is the stochastic error term. 

The 3j coefficients were interpreted as elasticities after the 

log-log transformation, but it was necessary to calculate elasticities 

for the X̂ĵ  variables because of the slightly different form of the ^±. 

Three specific linear statistical models were utilized: 

Models 1 and 2: In (PLND) = bo + b3ln(SIZE) + bi|ln(PCRP) (ll) 

+ b5ln(DG30) + b5ln(DL30) + bi(PDP) + 

b2(COSTNG) + bjln(GPM) + b81n(DISINC) + 

U, and 

Model 3: In(PLND) = bg + b3ln(SIZE) + bi;ln(PCRP) (12) 

+ b5ln(DG30) + b6ln(DL30) + bi(PDP) + 

b2iln(PNG) + b22ln(LIFT) + b7ln(GPM) + 

b8ln(DISINC) + U. 

The equations were estimated for the entire region and county by 

county utilizing the SAS (Statistical Analysis System), a preprogrammed 

computer program package and an ITEL AS/6 computer system. The esti

mates of the variable parameters were tested for significance at the 

10 percent level by Student's t-test and then compared among each other 
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and the various individual county estimates. An F-test was used to 

test for significance of the overall models. 

Similarities, discrepancies and differences were noted both 

between parameter estimates for the various variables and between par

ameter estimates for the same variable for individual counties. These 

observations were explained or rationalized to account for the similar

ities, discrepancies and differences. Elasticities of price of land 

with respect to each variable were also examined, with the elasticities 

in all but 2 cases being the b^ parameter estimates. The elasticities 

were calculated for the percent downpayment and the cost of natural gas 

required to pump an acre-foot of water by utilizing the necessary mean 

values from Model 2 in addition to the bj_ parameter estimates. 



CHAPTER V 

RESULTS AND DISCUSSION 

The estimated equation utilizing Model 2 was 

ln(PLND)= 5.7381+ _ 0.281+3 • In(SIZE) + 0.01+19 • In(PCRP) (13) 

- 0.2961 • ln(DG30)- 0.0796 • ln(DL30) - 0.0020 

• PDP - 0.0073 • COSTNG + 0.3103 • In(GPM) + 

0.1282 • In(DISINC) + U. 

Parameter estimates remained at about the same magnitudes irre

spective of the form of model used (Table 1.). F-values for all models 

were significant, indicating the appropriateness of the overall models. 

Examination of the effects of the individual parameters on the price 

of land was accomplished by going from the general interpretation of 

each of the two cases of partial derivatives to the specific interpre

tation of the partial derivatives for each parameter estimate. Model 

2, which utilized a data set of all observations combined, was used 

for interpretation except for the examination of price of natural gas 

and lift, for which Model 3 was utilized. 

Elasticities of land price with respect to variables affecting 

land price have been reported by several authors, among them Chavas 

and Shumway (8), Hauschen (I6) and Kuhlman (23). These elasticities 

have been computed according to an accepted definition of elasticity. 

8Y X^ 
^Y/Xk = • (1-^ 

3Xk Y 

U7 
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TABLE 1 . -

Var iab le 

I n t e r c e p t 

LSIZE^/ 

LPCRP 

LDG30 

LDL30 

PDP 

COSTNG 

LPNG 

LLIFT 

LGPM 

LDSINC 

F-value 

-Parameter ] 
Rural Land 
Study Area 

Est imates^ and Overa l l Model 
P r i c e - a f f e c t i n g Var iab les of 
Parce l s , 197^-

Model 1 

5.7798 
(0.0001) 

- 0.281+7 
(0.0001) 

0.01+21 
(0.0005) 

- 0.2973 
(0.0001) 

- 0.079^ 
(0.0001) 

- 0.0020 
(0.0001) 

- 0.0130 
(0.0708) 

— 

0.3095 
(0.0001) 

0.123i+ 
(0.0001) 

371.8U 
(0.0001) 

1979 1 

Model 2 

5.7381+ 
(0.0001) 

- O.28I+3 
(0.0001) 

O.OI+19 
(0.0005) 

- 0.2961 
(0.0001) 

- 0.0796 
(0.0001) 

- 0.0020 
(0.0001) 

- 0.0073 
(O.O23U) 

0.3103 
(0.0001) 

0.1282 
(0.0001) 

372.57 
(0.0001) 

E f f i c i e n c y - / for 
Southern High P l a i n 

Model 3 

5.6036 
(0.0001) 

- O.283U 
(0.0001) 

0.0386 
(0.0016) 

- 0.2951 
(0.0001) 

- 0.0793 
(0.0001) 

- 0.0019 
(0.0001) 

- 0.0992 
(0.0001) 

0.0055 
(0.81S7) 

0.295^ 
(0.0001) 

0.151^ 
(0.0001) 

333.i+8 
(0.0001) 

0.1+68773 0.1+69189 0.1+71067 

1/ Numbers in parentheses are probabilities of greater |t| values if 
HQ were true, or Pr (Type I) error. ^ 

2/ F-values, with PR>F in parentheses, and R values 
3/ The L prefix to the variable name indicates a log transfomation 
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where Y = a dependent variable, 

Xk = an independent variable, and 

k — 1, 2, 3j . . .,n. 

These elasticities were measures of the responsiveness of price to 

changes in important variables thought to affect price. If these 

elasticities are interpreted as price flexibilities, they imply some 

very different conclusions. Price flexibilities as used here are 

meant to imply responsiveness of price to different levels of each 

price-determining variable, and not price flexibility as generally 

used. For instance, the price elasticity with respect to size reported 

in this study was -0.281+3. If it were considered as a price flexibil

ity and its inverse was considered a conventional elasticity of demand, 

then it would represent a highly price elastic demand for land. To 

further complicate matters, it was possible to have 2 very different 

measures of quantity: the quantity of parcels available and the quan

tity of acres in each parcel. The latter was the quantity variable in 

this study. If the former measure of quantity were considered, then 

one still does not have true demand equation because of the supply fac

tors included in the equation. The elasticities reported in this study 

were viewed as price flexibilities in terms of price responsiveness. 

It is likely that, with quantity measured as it was in this study, 

there was no basis for computing an own price elasticity of the demand 

for land. 

Comparison of the coefficients found in this study with those 

inherent, implicitly or explicitly, in other studies was possible on a 

limited basis. Elasticities of price with respect to size were computed 
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for the Nelson and Burton (31) and the Parcher and Abdel-Badie (3I+) 

studies. Nelson and Burton included no data nor any average values 

for variables in their paper, but a personal communication with Dr. 

James Nelson at Oklahoma State Unversity provided mean values for their 

study area. These mean values yielded an elasticity of -0.0759. For 

the Parcher and Abdel-Badie study the elasticities were computed from 

2 examples fomd in the appendix of their study. The average elastic

ity for these 2 examples was -O.O866. Neither elasticity was very 

close to the -0.281+3 found in this study, but both elasticities were 

in the inelastic range and were negative. 

Elasticities computed from the Parcher and Abdel-Badie study for 

distance to the nearest major urban center averaged -0.28025 which 

was very close to the LDG30 elasticity of -O.296I for the current 

study. Unfortunately it was not realistic to examine ether elastici

ties for other variables because of discrepencies in units of measure

ment or other differences in variables between studies. 

Interpretation of the parameter estimates in general terms was 

based on an examination of the partial derivatives of the models. 

There were 2 general interpretations, 1 for the natural log of exp 

(biXi) terms and 1 for the natural log of (Xj^J) terms. The partial 

derivatives, 

3InY percent change in Y 
= — = hi (15) 

8Xi unit change in X^ 

and 
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8lnY percent change in Y 

9lnX^ percent change in X^ 
= b, , (16) 

were interpreted respectively as l) the percent change in the deflated 

price per acre of rural land per unit change in the level of X^, and 

2) the percent change in the deflated price per acre of rural land per 

1 percent change in the level of X., cetaris paribus. The values com-
J — — — — — 

puted from equation (l6) were interpreted as the elasticities for each 

variable. The values from equation (15), which included only the vari

ables for percent downpayment (PDP) and the cost of natural gas required 

to pump 1 acre-foot of water (COSTNG), were not elasticities. Hence, 

they had to be calculated by utilizing the mean deflated price per 

acre for the aggregated data and the means for PDP and COSTNG (Appendix 

C). 

The partial derivative of the natural log of the deflated price 

of rural land with respect to SIZE was -0.281+3. It was highly signif

icant and carried the expected sign. It was interpreted to mean that 

a 1 percent difference in the sizes of 2 otherwise identical parcels 

would result in the larger parcel being worth 0.281+3 percent less than 

the smaller parcel. Individually, size had the least impact on the 

dependent variable in Cochran, Lamb and Lynn Counties and the greatest 

impact in Swisher County (Table 2.). The smallest parcel size in 

Swisher and Lubbock Counties was 2 acres while the smallest parcel in 

Cochran, Lamb and Lynn Counties was 20 acres. Together with these obser

vations on parcel size it was noted that Swisher County also contained 

the highest per-acre price paid for land in the h counties by over 
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$8,000 (a maximum of $8,766 in Swisher County compared with a maximum 

of $652 in Lamb County). The Lubbock County SIZE parameter estimate, 

at -0.29, was near the midpoint of the range of county estimates and 

slightly larger than the overall pr̂ rameter estimate. 

The partial derivative with respect to the natural log of the per-

cent cropland, PCRP, was O.OI+19, and represented the percent change in 

the same direction in the difference in value of otherwise identical 

parcels per 1 percent difference in percent cropland. It also carried 

the expected sign and was significant for the combined data. Individ

ually, estimates for this parameter ranged from -0.01 in Floyd County 

to 0.6T in Lubbock County. Reasons for the discrepencies for the par

ameter estimates for this variable for the individual counties were 

not apparent. There were T counties (Cochran, Hockley, Lynn, Parmer, 

Swisher, Terry and Yoakum Counties) for which there were no sales for 

parcels with less than 100 percent cropland. 

The partial derivative with respect to the natural log of the dis

tance to the nearest growing city of more than 30,000 population, DG30, 

was -0.2961. It carried the expected sign and was significant. It 

represented the percent change in the opposite direction in the depen

dent variable due to being 1 percent closer or farther from the nearest 

city of more than 30,000 people. The parameter estimates for the indi

vidual counties were questionable because of large intercounty varia

tion. The estimates varied from -I6.88 in Hockley County to 1.86 in 

Yoakum County. In some individual counties there was intercorrelation 

LDL30 and/or LGPM. This intercorrelation was considerably less apparent 
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in the aggregate data. Some correlation was expected. For instance, 

the best irrigation water or greatest saturated thickness in Floyd 

County was in the southwest corner, which was also the portion of the 

county closest to Lubbock. This is a probable explanation for the 

correlation coefficient of .80 between LDG30 and LGPM for Floyd County. 

In other counties the explanation for the intercorrelation was not so 

apparent. The hypothesized concentric pattern of a relationship 

between LDG30 and the dependent variable in the county by county data 

was not observable, but such a pattern became apparent in aggregate 

data. 

The partial derivative with respect to the natural log of the dis

tance to the nearest growing town of less than 30,000 population, LDL30, 

was -0.0796; it was significant and carried the expected sign. It 

represented the percent change in the dependent variable due to being 

1 percent closer or farther from the nearest growing town of less than 

30,000 people. The parameter estimates for the individual counties 

varied from -0.71 in Floyd County to 0.l6 in Yoakum County. Aside 

from being correlated with LDG30, as already mentioned, there was inter

correlation of 0.72 with LGPM in Bailey County. The best irrigation 

water or highest value for LGPM was located near Muleshoe which is the 

growing town most parcels in Bailey County were near. The smaller 

towns may have been originally located near the most accessible and/or 

best water within an area; however, this study offered only limited 

instances to support such speculation. 

The partial derivative with respect to percent downpayment, PDP, 

at -0.002 had the expected sign and was significant. It represented a 
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0.002 percent change in the dependent variable in the opposite direc

tion due to a 1 percent change in the percent downpayment. In this 

instance, the more one could pay as a cash downpayment the less one 

could expect to pay per acre for a parcel. The elasticity for this 

variable was -0.0003. The parameter estimates for this variable for 

the individual counties were relatively stable, varying from -0.0001 

in Castro County to -0.001+ in Lubbock County. Many of these estimates 

were not significant, probably because they were in counties with a 

higher proportion of long-time owners who had sold land for which 

they received high capital gains. Also, such long-time owners were 

old enough that they could have been concerned with establishing future 

income flows, perhaps for retirement, than with more current returns. 

The only evidence from this study to support this conjecture comes 

from a direct relationship between mean percent downpayment and mean 

price per acre. Lubbock County had the largest parameter estimate 

(absolute value) and could have been expected to have a relatively high 

rate of turnover of land ownership. 

The partial derivative with respect to the cost of natural gas 

required to pump an acre-foot of water from the aquifer beneath a 

given land parcel during the sale year of the parcel, COSTNG, at -0.0073 

also was significant and carried the expected sign. Its interpretation 

was similar to that of other variables in that it accounts for a 0.0073 

percent change in the opposite direction in the dependent variable due 

to a $1.00 change in the cost of natural gas required to pump an acre-

foot of water. The computed price elasticity with respect to COSTNG 

was -0.00866. If the elasticity is correct then land prices could be 
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expected to decrease by O.OO866 percent due to a 1 percent increase 

in the cost of natural gas required to pump an acre-foot of water dur

ing the year of the land sale. 

Model 3 separated COSTNG into its components: l) the price of 

natural gas and 2) the pumping lift associated with a parcel and 

treated them as separate variables. A 1 percent change in the price 

of natural gas resulted in a 0.0992 percent change in the opposite 

direction in the value of a parcel. This variable carried the correct 

sign and was highly significant. The partial derivative with respect 

to pumping lift was not significant and carried the wrong sign. It 

was interpreted to indicate a 0.0055 percent change in the same direc

tion in the price of land due to a 1 percent change in the feet of 

pumping lift associated with a parcel. However, pumping lift was 

correlated (r = 0.779) with LGPM, the single most influential variable 

affecting the price of land, and may explain why it carried the wrong 

sign. 

In Models 1 and 2 the parameter estimates for the individual 

counties for COSTNG varied from -0.05 in Castro County to 0.05 in 

Lynn County. There was some intercorrelation in several counties 

(approximately 0.7 to 0.8) with the natural log of discounted expected 

gross income potential, LDSINC, for which there is seemingly no satis

factory explanation. Model 3 was not estimated for individual counties 

because of the problems encountered with separate county data; probably 

no useful information would have been obtained. 

For Model 2 the partial derivative with respect to GPM was 0.3105; 

it was significant and carried the correct sign. It was interpreted 
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to mean that a 1 percent change in the potential well yield would add 

0.3103 percent to the value of a parcel. This variable had the great

est influence on land price. The parameter estimates for the individ

ual counties varied from -0.13 in Lynn County to 0.59 in Castro County. 

The partial derivative with respect to the natural log of the cap

italized expected potential gross income, LDSINC, was 0.1282, was sig

nificant and had the expected sign. It was interpreted to indicate 

that a 1 percent change in capitalized expected potential gross income 

would cause a change in the same direction in the value of a land par

cel by 0.1282 percent. The parameter estimates for the individual 

counties varied from -0.73 in Floyd County to 0.5^ in Crosby County. 

There were several counties whose immediate parameter estimates for 

discounted gross expected potential income were negatively correlated 

with the deflated price of land. This could indicate that for some 

parcels in some counties income from agricultural production is not a 

determining factor in the decision to purchase land. If so, this may 

explain why the percent cropland coefficients were not stable among 

counties. 

Perhaps other variables could have added to the explanatory power 

of the models, but they were omitted for various reasons. Such vari

ables were l) distance to a market, 2) distance to the nearest paved 

road, 3) value of improvements, 1+) reasons for purchasing a parcel, 

and 5) mineral rights. Generally, the data for the omitted distance 

variables were not reliable enough to justify their use. In the case 

of distance to the nearest market it was not discernable which market 

the purchaser of a parcel considered important and each crop potentially 
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had a different market. There was a sufficient number of gins and 

elevators such that many market alternatives could have been considered, 

It was not surprising that an approximation of distance to the nearest 

pavement yielded no significance in preliminary regressions, especially 

since the highway system within the study area was highly developed. 

Accurate, consistent data were available for value of improvements, 

reasons for purchase of a parcel, and mineral rights arrangements only 

at a great cost in both time and money. They were therefore omitted. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The overall objective of this study was to determine the rela

tionships between the market price per acre of rural land in 15 coun

ties of the Southern High Plains of Texas and various farm-related and 

nonfarm variables thought to affect the price for the period I97I+ 

through 1979- Specifically, the objectives were to 

1) identify those variables which potentially affect real rural 

land values, with emphasis on those variables related to the 

Ogallala Aquifer, 

2) forumlate a statistical model to delineate the effects of 

those quantifiable variables that affect real rural land values, 

3) determine which variables significantly affect real rural land 

values, and 

1+) determine the magnitudes of those parameters that significantly 

affect real rural land values. 

Data were gathered for 3,38l rural land sale transactions from 

Bailey, Castro, Cochran, Crosby, Deaf Smith, Floyd, Hale, Hockley, Lamb, 

Lubbock, Lynn, Parmer, Swisher, Terry and Yoakum Counties. The data 

were used in original form for lift, percent downpayment and the price 

of natural gas and in creating variables for size in acres, percent 

cropland, distance to the nearest growing town of greater than 30,000 

population, distance to the nearest growing town of less than 30,000 

59 
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population, cost of natural gas to pump 1 acre-foot of water, gallons 

per minute potential of the aquifer, discounted expected gross income 

and deflated price per acre of rural land. 

A logarithmic transformation allowed the use of single equation 

multiple linear regression models to analyze the data. All the par

ameter estimates were statistically significant at the 0.01 level of 

significance except the cost of natural gas required to pump an acre-

foot of water (significant at the P = 0.10 and P = 0.05 levels for 

Models 1 and 2, respectively) and pumping lift in Model 3 (not signif

icant even at the P = 0.10 level). The logarithmic transformation 

yielded coefficients that were also elasticities except for 2 variables 

for which the elasticities had to be calculated. 

The most important variables were found to be gallons per minute, 

distance in miles to the nearest large growing city and the size in 

acres of the parcel. The elasticities price with respect to these 

variables were 0.3103, -O.296I and -0.281+3, respectively. The next 

most important variable was discounted gross income with an elasticity 

of 0.1282. The elasticity for the remaining variables ranged in abso

lute value from 0.0992 to 0.0003. 

Conclusions 

The results of this study were such that the null hypotheses, that 

3^ = 3, = 0 , were rejected, and the variables utilized did display sig-

nificant relationships with the deflated price per acre of rural land 

for the aggregated data. 
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The ability of the models to describe a per acre figure for rural 

land prices, R2 = .1+7, indicated that there are other important vari

ables that were not identified or quantified and not included in the 

analysis. The large sample size also contributed to the low R2 values. 

The description presented in this analysis was considered in terms of 

income potential for rural land either as a production input or as an 

investment medium. Therefore, it represents an average price that 

rural land in the study area was worth to producers and investors for 

the period of the study. 

The models analyzed were adequate for describing the overall 

study area, but on a more local or couiityvide basis the models as form

ulated were not as adequate for descriptive purposes. On a local basis 

there were many coincidences that affected the parameter estimates, 

such as shortest distance to Lubbock and best water in Floyd County 

being correlated and the fact of less variation in any variable within 

a given county. These were overcome, at least partially, in the aggre

gated analysis. 

The analysis demonstrated that for the period of the study most 

land purchasers were aware of the declining aquifer, and they responded 

to the land purchase decision by paying a premium for the availability 

of irrigation water. The cost of natural gas required to pump an 

acre foot of water, a proxy for pumping costs, was also taken into 

account in land price although to a lesser degree than most other vari-

ables. 

The parameter estimates can be grouped according to magnitudes 

into roughly 3 groups: l) the group of parameter estimates showing the 
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largest impact on real land value which included potential well yield 

(gallons per minute), distance to the nearer of Lubbock or Amarillo 

and size of the parcel, 2) a group of parameter estimates having rela

tively small impacts on real land values, which included pumping costs, 

percent cropland, percent downpayment and distance to the nearest grow

ing town of less than 30,000 population, and 3) a category in between 

that included only discounted income. These groupings could be visual

ized also as pertaining to either the income producing potential of 

each parcel from either production and/or investment demand or the 

cost-affecting perspective. It appeared for the period of the study 

that more weight was given to those variables that affected short run 

production potential, such as potential well yield and discounted 

income, and to those variables that were most closely related to invest

ment demand, such as distance to the nearest large urban center and the 

size in acres of the parcel, than was given to the cost affecting vari

ables, such as cost of natural gas, distance to the nearest growing 

town of less than 30,000 population and percent downpayment. 

The short run aspect of this outlook could have risen from 

increased expectations on the part of new or inexperienced farmers 

because of the significantly higher commodity prices and export poten

tial observed in 197̂ +, the year during which roughly one-fourth of the 

transactions observed in this study took place. Perhaps it was viewed 

as short run potential income because the cost increasing influences 

of the OPEC cartel were expected eventually to make at least some 

costs prohibitive, such as energy costs associated with pumping water. 
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If this is the case, then the real price of land may have had some 

falsely optimistic income potential bid into it during the early part 

of the study. 

One plausible reason for the relatively small influence of varia

bles associated with costs could have been that farmers, indeed, were 

overly optimistic with respect to commodity prices, export potential 

and the ability of cost reducing technology to maintain its pace, and 

did not expect the rate of change in the costs they were facing to 

increase. 

The difference in impact between the 2 distance variables, LDG30 

and LDL30, could be attributed primarily to speculative demand for 

land for LDG30 and primarily to cost increasing influences for LDL30, 

although there is probably some influence from both aspects in both 

variables. It appeared that the effect of the DG30 variable dimin

ished to a very minor constant effect at about 50 or 60 miles, although 

it appeared that this distance would contribute something to the value 

of land even when fairly large. The mean distance from the nearest 

growing city of greater than 30,000 population was 39.13 miles. From 

this mean distance to 55 miles away is a change of 15.87 miles, or a 

1+0.56 percent increase in DG30, which translates into a 12.01 percent 

decrease in the real price of rural land, or a change from the mean 

real price of $251-92 to $221.66. 

The impact of natural gas price increases may be illustrated as 

follows. An increase of the price of natural gas from a mean price for 

the study of $1,099 to the current price per MCF (assume usage of IC 
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MCF) of $3.72 is a 238.5 percent increase. The elasticity of the real 

price of land with respect to the price of natural gas is -O.O3I+6 from 

Model 2. This means that a 1 percent change in PNG results in a 

-O.O3U6 percent change in PLND, or, from the above example, a 238.5 

percent increase in PNG results in a 8.25 percent decrease in PLND. 

From the mean PLND of $251.92 this translates into a $20.79 decrease 

to a real per acre price of rural land of $231.13. 

The declining aquifer also negatively affects PLND by reducing 

potential well yield, GPM. Suppose the saturated thickness of the 

aquifer declines 3 feet per year for 5 years, and the beginning PLND 

was $300.00 with a saturated thickness of 100 feet. Pumping lift 

increases by 15 feet over the same 5-year period. The impact of the 

declining aquifer, through GPM, reduces PLND to approximately $285.00 

in real terms. The effect of 15 feet of increased pumping lift if PNG 

and the other variables remain constant is an additional reduction in 

PLND of $0.89. Obviously if PNG increases over the 5-year period as 

it has in the preceeding paragraph, PLND would decline from $300.00 to 

approximately $261+.00 in real terms, or a combined decline of 12 per

cent. Negative impacts on land prices also occur from the impacts of 

declining commodity (cotton) prices and increasing mortgage interest 

rates on DISINC. 

The usefulness of the models to land appraisers and others inter

ested in land value is their potential for arriving at an average real 

price for rural land with a given bundle of characteristics. Land 

appraisers could arrive at a comparable market price for similar land 
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without the necessity of actually seeking out "similar" parcels. The 

models have done just that over a wide sample of parcels. Of course, 

these models are only a tool to aid in decision making. Any price 

arrived at is only an average price and would be modified by many other 

considerations, including non-quantifiable appraisals. 

The limitations of this study lie in the insufficiency of the data 

that prevented investigating the effects of other variables, including 

subjective factors affecting transactions and variables for which there 

were no data. In particular, accurate, reliable data for the distance 

to the nearest market, distance to the nearest highway, value of improve

ments, information about mineral rights included in a transaction, and 

reasons for purchasing land, as well as a number of other variables, 

perhaps would allow more of the variation to be explained. 

Recommendations for further research include considering a multi-

equation model in place of a single equation model. A multi-equation 

model might be able to account for the many factors that make up some 

variables that were aggregated or approximated in the present models. 

Soil productivity, for example, might be better determined by an equa

tion that included soil slope, past history of management, soil type, 

rainfall and other variables affecting soil productivity. Governmental 

programs and policies perhaps could best be explained in terms of sev

eral variables that determine an overall impact on land prices. As 

other authors have indicated and as was briefly mentioned in the Liter

ature Review, the potential for a multi-equation model exists. 
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APPENDIX A: DERIVATION OF A LINEAR CONSTANT 

USED TO DETERMINE FUEL COSTSi^ 

It is known that the costs of pumping irrigation water from an 

underground aquifer is a function of the pumping lift, or depth to 

static water plus drawdown, and gallons per minute (2l+, 38). In the 

current study it was desired that the cost of a specific fuel, natural 

gas, required to pump a given quantity of water, an acre foot, to the 

surface. This cost requires the knowledge of 2 input quantities, the 

fuel required per hour, FUEL, and the acre feet per hour of pumping, 

AF/HR: 

(BHP) (25i+7) 
FUEL = , and 

l,000,000btui/ 

GPM 
AF/HR = , where 

5i+31.67 

BHP = the measured value of brake horsepower or the horsepower 

delivered to the engine drive shaft, and 

WHP 
BHP = 

(PE) (EE) (GE) 

WHP = water horsepower or the work output in horsepower of the 

pumping plant, and 

T/The derivation of this linear constant was accomplished and 
explained to the author as a personal communication with Dr. Art 
Stoecker, Texas Tech University. 

2/For natural gas there are 1,000,000 btu's per 1000 cubic feet 

of gas. 



WHP = 

Ik 

(GPM) (LIFT) 

3960 

GPM = gallons per minute or the rate at which water is pumped, 

LIFT = the number of feet of depth to static water plus drawdown, 

PE = pump efficiency, here assumed to be 0.75, 

EE = engine efficiency, here assumed to be 0.20, and 

GE = gear efficiency, here assumed to be 0.95. 

FUEL and AF/HR both depend on GPM in such a way that the fuel 

required per acre-foot of water, FREQ, becomes a function of LIFT and 

some constants and variables with assumed values, and which eventually 

becomes a linear function of LIFT: 

(BHP) (25^7)/l,000,000 
FREQ = 

GPM/5U3I.67 

(GPM) (LIFT) (25U7) 

(PE) (EE) (GE) (3960) (1,000,000) 

GPM/5^31-67 

25^7(5^+31.67) 
* LIFT 

(.75) (.20) (.95) (3960) (1,000,000) 

O.O2I+516I • LIFT 
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APPENDIX B: SIMPLE REGRESSIONS RELATING COTTON AND GRAIN SORGHUM 

POTENTIAL YIELDS UNDER A HIGH LEVEL OF MANAGEMENT 

County 

B a i l e y 

C a s t r o 

Cochran 

Crosby 

Deaf Smith 

F loyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

Te r ry 

Yoakum 

A l l 

I n t e r c e p t 

32. U5 

82 .87 

1.16 

38.5 

- 3.3i+ 

22 .12 

121.kQ 

Ik.k 

2U.75 

1+6.1+1+ 

1 1 7 . 1 

1I+I.1I+ 

0.77 

- 2 5 2 . 6 8 

103 . i+ 

16 .2 

S lope 

7.65 

U.396 

9 .23 

7.57 

13.1+1 

7.69 

2 .5 

5.1+3 

7-9 

7.35 

I+.2U 

1.93 

9-79 

25.92 

3 .21 

8.996 

Mean 
P o t e n t i a l 

Cotton 
Yie ld ( l b s . ) 

130.6 

151-0 

116.1+ 

1I+8.2 

119.2 

168.9 

170.25 

152.9 

126.0 

189.0 

182.8 

176.5 

112.7 

Ilk. 3 

15i+.5 

1U5-8 

Mean 
P o t e n t i a l 

Sorghum 
Yie ld ( b u . ) 

12 .8 

15.5 

12.5 

li+.5 

9 . 1 

1 9 . 1 

17.08 

II+.I+ 

12.8 

19.1+ 

15.5 

18 .3 

11.u 

16.5 

15.9 

Ik.k 

r 2 

.922 

.7^+1 

-99i+ 

.955 

.950 

.933 

.Ul+9 

.738 

.Qlk 

.932 

.11+3 

.191 

.998 

. 9 1 

.91U 

.896 
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APPENDIX C: NUMBER OF OBSERVATIONS FOR EACH COUNTY, 

VARIABLE MEANS, MAXIMUI^ AND MINIMUM VALUES^/ 

County 

Ob; 

B a i l e y 

C a s t r o 

Cochran 

Crosby 

Deaf Smith 

Floyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

T e r r y 

Yoakum 

Aggregate 

Number 
of 

s e r v a t i o n s 

252 

18U 

90 

133 

288 

106 

323 

235 

339 

1+1+9 

187 

201 

23U 

200 

i6o 

3381 

Mean 

5.i+055 

5.5167 

1+.9520 

5.i+893 

5.i+050 

5.3672 

5.7888 

5.1+181+ 

5.1+036 

6 .2551 

5.I+70I+ 

5.5708 

5.i+65i+ 

5.1278 

I+.90I+5 

5 .5291 

Standard 
Dev ia t ion 

0.7390 

0.6205 

0.5163 

0.5710 

0.7303 

O.55UI+ 

0.1+810 

O.U58I 

O.U917 

0.7617 

0.3577 

0.6393 

0.8559 

0.5105 

0.5220 

0.109k 

LPLND 

Minimum 

3.2958 

3.526I+ 

3.1355 

3.5835 

3.6889 

I+.1I+31 

1+.U1+27 

3.9318 

3.8286 

1+. 91+88 

k.llkk 

1+.0775 

3.7612 

3.3322 

3.1+012 

3.1355 

Maximum 

8.2OII+ 

7.568U 

6.2005 

6.6201 

7.6732 

6.5236 

7.1+770 

7.5U9I 

6.U8OO 

9.27I+O 

. 6.2305 

9-1031 

9.0786 

7.6709 

6.5381 

9.27I+O 

1/ Values rounded to nearest fourth decimal place 
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County 

B a i l e y 

C a s t r o 

Cochran 

Crosby 

Deaf Smith 

F loyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

Te r ry 

Yoakum 

Aggrega te 

Mean 

5.0393 

5.U910 

5.6283 

5.i+567 

5.721+9 

5.2223 

5.2279 

5.1139 

5.1I+I+I+ 

3.8510 

5.335U 

5.3633 

i+.9861+ 

5.3663 

5.6218 

5.1li+9 

S tandard 
Dev ia t ion 

O.99UO 

0.8026 

0.7998 

0.9272 

1.0587 

0.6765 

0.7019 

0.6395 

0.6822 

I.I+OII+ 

0.6052 

0.8726 

1.2262 

0.5727 

0 .6971 

1.0723 

LACRE 

Minimum 

I.609I+ 

2.3979 

3.9120 

3.6889 

1.0986 

2.3026 

2.8333 

1.609k 

2.9957 

0.6931 

2.9957 

1.0986 

0.6931 

3.631k 

I+.17I+7 

0.6931 

Maximimi 

8.5685 

8.0789 

8.29UO 

10.1266 

9.0280 

6.68U6 

l.k021 

6.9078 

9.9035 

6.8880 

7.1062 

7.5239 

7.3858 

7.021+3 

7.2788 

10.1266 

LPCRP 

Mean 

^•.5927 

i+.5750 

I+.6052 

k.1536 

k.3006 

k.5163 

U.5319 

I+.6052 

I+.238U 

i+.5938 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

k.3219 
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Coimty 

B a i l e y 

C a s t r o 

Cochran 

Crosby 

Deaf Smith 

F loyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

Te r ry 

YoakTom 

Aggrega te 

S t anda rd 
D e v i a t i o n 

0.0626 

0.1307 

0 

1.9295 

O.80I+9 

O.89UI+ 

0.5273 

0 

1.7085 

O.O6I+I 

0 

0 

0 

0 

0 

0 .7501 

LPCRP 

Minimum 

1+. 1271 

3.i+657 

I+.6052 

-i+.6052 

-I+.6052 

-I+.6052 

-I+.6052 

i+.6052 

-I+.6052 

3.1+012 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

-I+.6052 

Maximum 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

1+.6052 

I+.6052 

I+.6052 

I+.6052 

I+.6052 

1+.6052 

U.6052 

Mean 

I+.2OI9 

I+.2527 

I+.03U2 

3.396I+ 

3.5U07 

3.7518 

3.6057 

U . 21+81+ 

3.6992 

2.1+050 

3.2827 

1+. 1612 

I+.1719 

3.6763 

1+.1593 

3.6669 

LDG30 
S tandard 
D e v i a t i o n 

O.III+5 

0 .1231 

O.I36I+ 

0.2516 

0.3307 

0.2067 

O.2U72 

0.0065 

0.2217 

O.3U7O 

0.2808 

0.1386 

0.1323 

O.2I+39 

O.ll l+l 

0 .6231 
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County LDG30 LDL30 

B a i l e y 

Cas t ro 

Cochran 

Crosby 

Deaf Smith 

Floyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

Te r ry 

Yoakum 

Aggrega te 

Minimum 

3.9000 

3.91+71+ 

3.7728 

2.9011+ 

2.67I+I 

3.2068 

2.890I+ 

1+. 21+13 

3.0727 

1.2090 

2 .6101 

3.7932 

3.9259 

2.9285 

3.8607 

1.2090 

Maximum 

i+.l+22l+ 

l+.i+659 

i+. 21+71 

3.8607 

I+.I987 

I+.1589 

1+. 01+13 

I+.26U1 

i+.ll+95 

3.1180 

3.7658 

I+.3981 

I+.398I 

I+.0673 

U.3808 

l+.i+660 

Mean 

2.0978 

2.3209 

2.5816 

2 . II6I+ 

2.8657 

2.9337 

2.371+7 

2.29I+3 

2.7252 

1.951+3 

2.5960 

2.1669 

2.O6I+2 

2 .1701 

2 .0551 

2.3307 

Standard 
Dev ia t ion 

0.8055 

0.5068 

0.6110 

0.5737 

0.3575 

0.3111 

0.1+936 

0.820U 

0.1+619 

0.5178 

0.1+231 

0.531+1+ 

0.6185 

0.6592 

0.1+363 

0.6376 

Minimum 

-0.31+25 

0.1133 

0 

0.1133 

0.9163 

2.1983 

0 .6931 

-2 .3026 

0.9163 

- 0 . 6 9 3 1 

I.26I+I 

0 

-0.31+25 

0.31+25 

0.1+571+ 

-2 .3026 
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County LDL30 PDP 

B a i l e y 

Cas t ro 

Cochran 

Crosby 

Deaf Smith 

F loyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

T e r r y 

Yoakum 

Aggrega te 

Maximum 

3.3776 

3.0587 

3.250I+ 

2 .9957 

3.1+177 

3.6055 

3.1612 

3.3393 

3.2771 

2.7279 

3.3I+6I+ 

2 .9907 

3.0727 

2.9339 

2 .7973 

3.6055 

Mean 

35.7306 

32.01+73 

22.5000 

33.1+226 

35.1375 

51.1+698 

1+1+. 3198 

37.5732 

57.2959 

1+7.5102 

1+6.0182 

28.1I+38 

1+8.1132 

31.1130 

28.1769 

1+0.51+97 

S tandard 
Devia t ion 

3I+.033I+ 

30.9751+ 

22.85I+I 

31.001+3 

3I+.560I+ 

38.1+212 

33.3322 

35.6085 

37-2961 

38.0281+ 

3I+. 2166 

28.8876 

37.8672 

32.6751+ 

29.7703 

35.560I+ 

Minimum 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000• 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

Maximum 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 
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County 

B a i l e y 

C a s t r o 

Cochran 

Crosby 

Deaf Smith 

F loyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

T e r r y 

Yoakum 

Aggrega te 

Mean 

1+. 3771+ 

8.6771+ 

I+.9039 

7.51+67 

6.69k6 

7.71+69 

6.9319 

I+.9OO5 

5.2115 

1+. 6192 

2 .0356 

9 .5883 

6 .1063 

3.7160 

I+.1633 

5.7000 

COSTNG 
Standard 
Dev ia t i on Minimum 

2.0822 

3,1+81+6 

2.1639 

1+. 1872 

3.2511 

3.251+5 

2.861+1 

2.2563 

2.5250 

2.1697 

1.281+0 

I+.2721 

2.7092 

I.761I+ 

1.7907 

3.2811 

0.3616 

2,571+7 

1.7357 

0.2500 

1.081+8 

2.6759 

2.1697 

I.O8I+8 

0.2500 

1.U1+61+ 

0.3616 

3.6161 

1.2295 

0.6509 

1.1+1+61+ 

0.2500 

Maximum 

10.2526 

I7.I+OI+5 

11.5030 

17.751+6 

18.751+8 

16.50U2 

13.1531+ 

11.2529 

13.7535 

12.5032 

6.2516 

I7.50I+5 

II+.5037 

8.7522 

8.7522 

18.751+8 

LGPM 

Mean 

5.1+781 

5.559I+ 

U.l+ll+6 

5.3736 

5.2258 

5.51+37 

5.7651+ 

I+.5128 

5.1+737 

i+.87l8 

U.1U70 

5.6965 

5.0193 

I+.5021 

5.0090 

5.1377 
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County 
>rf%^ \AAA »_y 

B a i l e y 

C a s t r o 

Cochran 

Crosby 

Deaf Smith 

F loyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

Te r ry 

YoaJcum 

Aggrega te 

S t a n d a r d 
D e v i a t i o n 

0.8125 

0.7509 

0.31+91+ 

0.7095 

0.7111+ 

0.5958 

0.3779 

0.3873 

0.6915 

O.6I+61 

O.1U15 

0.1+851 

0.1+055 

O.3OOI+ 

0.3579 

0.7386 

LGPM 

Minimum 

U . I I I 8 

3.76I+I 

3.5731 

3.5731 

U . I I I 8 

I+.III8 

U . I I I 8 

i + . l l l 8 

3 .5731 

U . I I I 8 

U . I I I 8 

1+. 1118 

i + . l l l 8 

k.1118 

k.1118 

3.5731 

Maximum 

6.3712 

6.U138 

5.2321 

6.2529 

6.I+OU8 

6.2926 

6.I8I+I 

6.3275 

6.3712 

6.01+19 

I+.8618 

6.2926 

6.0733 

U.8618 

5.8589 

6.1+138 

LDSINC 

Mean 

6.1+619 

6.6637 

6.0726 

6.61+58 

6.6710 

6.711I+ 

6.6673 

6.5173 

6.5680 

6.87I+U 

6.8358 

6.7631 

6.7100 

6.8538 

6.5129 

6.6636 

Standard 
Dev ia t i on 

0.3601+ 

0.1606 

1.2831 

O.21I+2 

O.U3I+8 

0.1796 

0.6129 

0.1958 

0.2869 

0.1835 

O.52U7 

0.1955 

0.1933 

0.2882 

O.I+U75 

0.1+301 
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County LDSINC 

B a i l e y 

C a s t r o 

Cochran 

Crosby 

Deaf Smith 

Floyd 

Hale 

Hockley 

Lamb 

Lubbock 

Lynn 

Parmer 

Swisher 

Te r ry 

Yoakum 

Aggrega te 

Minimum 

5.6589 

6 .3181 

2.9957 

6.0327 

2.9957 

6.U1+73 

2 .9957 

6.1U5I+ 

5 .6981 

6.5881+ 

2 .9957 

6.U166 

6 .0091 

5.5609 

2 .9957 

2.9957 

Maximum 

6.8821+ 

6 .8311 

6.8698 

7-O5I+2 

7 .1351 

6.9720 

6.99I+6 

6.80I+I+ 

6.8698 

7.I5U3 

7.2233 

7.1055 

7.1078 

7 .1591 

6.9312 

7.2233 


