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The construction of multiple purpose reservoirs has been one of the major claimants of public works investment funds
during the post-World War II period. The research reported here estimates differential land use change associated with
reservoir construction.

Differential land use change is estimated by comparing land uses in the reservoir area with projected land uses in the
same area had the reservoir not been constructed. The results indicate substantial nonagricultural land use increases
associated with the construction of Keystone Reservoir. Another interesting result of the analysis is that as time approaches
infinity, the differential impact of reservoir construction on nonagricultural, nonresidential, land use changes slowly declined,
while that of residential land use continued to increase.

The construction of multipurpose reservoirs has been one of the major claimants of public works
investment funds during the post-World War II period. The justification for such reservoirs includes flood
protection, provision of water for irrigation and consumption, generation of electric power, augmentation of
low flows for navigation and provision of improved fishing and recreational opportunities.

Previous research indicates substantial economic impact in the immediate vicinity of a reservoir
following construction. Several studies (1, 2) have shown that reservoir construction significantly
influences the value of land surrounding the reservoir. Prebble found that land use change varies with the
general location around the periphery of the reservoir, the specific location on a given peninsula, physical
characteristics of the site and road access to the site (3). Another study found that the change in business
activity in the vicinity of a reservoir was small, and that the principal impact was on the residential rather
than the commercial sector (4).

There is no known research that attempts to measure the "differential" impact of reservoir construction
on the pattern of land use change in the immediate vicinity. The term "differential" is used here to signify
the difference between land use patterns that actually exist after the construction of the reservoir and the
land use pattern that would have existed in the same time period if the reservoir had never been constructed.
Also neglected is the rate of change of land transformation from agricultural to nonagricultural uses as the
result of reservoir construction. With pending land use legislation (5), land use planners will be increasingly
faced with questions concerning land use change associated with and resulting from reservoir construction.
The analytical framework presented in this paper will provide a useful conceptual model for evaluating
differential land use change.

The following discussion will develop the methodology for estimating the differential change in land
use resulting from reservoir construction. In a subsequent section the differential land use change resulting
from the construction of Keystone Reservoir will be estimated and discussed.

METHODS
For the most part, previous studies have used the traditional before-and-after or control-area approaches

coupled with regression analysis to estimate the changes associated with reservoir construction. However,
the before-and-after approach is considered inappropriate because of the difficulty of distinguishing land
use change associated with reservoir construction from
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land use change associated with changing economic conditions and other factors. The control-area approach
suffers from two limitations: finding a comparison area similar in all respects but without the presence of a
reservoir; and, assuming that the difference in land uses between the two areas is solely due to reservoir
construction.

An accurate estimation of the impact of reservoir construction requires the determination of differential
land use change. Differential land use change is estimated by comparing the projected land uses had not the
reservoir been constructed with actual land uses following the reservoir construction. Pre-investment
patterns (patterns existing in a time period prior to reservoir construction) of land use change are used to
project land use patterns that would have existed in the future if the reservoir had not been constructed.

The long-term implications of the impact of reservoir construction on surrounding land use change may
also be estimated using the same basic approach. For information of this nature, a post-investment time
period (time period following reservoir construction) is used to project future land use patterns existing
after reservoir construction. The difference between estimates of future land use patterns based on pre-
investment and post-investment time periods is a measure of the future differential impact of the
investment.

An appropriate method for projecting future land use patterns is the stationary Markov chain process. A
Markov process is a statistical technique which may be used to project future land use patterns based on
previous observed land use change. Movements from one land-use category to another between two points
in time are summarized in a transition (flow) matrix. If the transition from one category to another is
regarded as a stochastic process with a known probability of occurrence, then the Markov process generates
estimates of land use patterns for an infinite number of future time periods. The specific conceptual and
statistical techniques employed in this study are fully explained in an earlier paper (6).

Keystone Reservoir, located approximately 20 miles west of Tulsa, Oklahoma, was authorized for
construction under the Flood Control Act in 1950 by the Army Corps of Engineers. Construction of
Keystone Dam began in January of 1957 and was completed for flood control operation in September 1965.
Keystone Reservoir was chosen for study because it is a large multiple-purpose project located near an
urban area and it has been in existence long enough to influence surrounding land uses.

The selected period of study is 1948 to 1970, with two
subperiods: 1948-1958 and 1964 to 1970. The two subperiods
represent respectively, the pre-investment and post-investment
time periods. Land uses were defined and grouped into
categories corresponding to the land uses shown in Table 1.
Land use patterns in approximately 3,000 sample areas were
quantified at the beginning and end of each subperiod with
aerial photographs obtained from the Army Corps of
Engineers. Land use transition matrices for both the
pre-investment time period and the post-investment time
period were derived from these data and used in the Markov
model to obtain land use projections (7).

RESULTS
The estimated differential land use change resulting from

the construction of Keystone Reservoir for years 1964 and
1970 is shown in columns 7 and 8 in Table 1. Reservoir
construction significantly increased nonagricultural uses of
land with the
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exception of extractive land uses. The decrease in extractive land uses such as oil drilling probably reflects the
impact of increased easement costs for drilling rights associated with the shift to nonagricultural uses in the
area. Increases in transportation and utilities land uses reflect the necessary rerouting of roads, highways, power
lines, and railroads within the reservoir area. There were large increases in residential land uses; moreover, in
1970 residential uses accounted for more than half of the increase in nonagricultural uses. As might be expected,
commercial and institutional land uses increased in the area as the result of increased recreational and residential
activities.

The data in Table 1 are summarized graphically in Figure 1. Actual nonagricultural land use from year 1948
to 1970 follows line ABCD. Line segment BC reflects the sharp increase in nonagricultural uses of land that
occurred during the construction phase of the reservoir. Estimated nonagricultural land use—assuming that
reservoir construction had not occurred—is represented by line ABEF. The comparison of the two lines reflects
the increase in nonagricultural land use as a consequence of reservoir construction.

Agricultural land use decreases necessarily correspond to nonagricultural land use increases. However,
within the agricultural land uses, the differential impact caused a decrease in cultivated and pasture lands while
woodland acreage increased. This phenomenon suggests that after reservoir construction more emphasis was
placed on the esthetic attributes of the area as a complement to the newly created residential, recreational, and
leisure opportunities.

The over-all, long-term differential land use changes associated with reservoir construction are shown in
columns 5 and 6 of Table 2. Each entry is the difference between the estimated land uses for the appropriate
years projected by the post-investment and pre-investment transition matrices.

The bar graph analysis in Figure 2 traces the pattern of nonagricultural land use change with and without
reservoir construction. Without reservoir construction the additional nonagricultural land use immediately
following the construction was 128 compared to 279 additional acres that would have been added after the year
2000. However, with reservoir construction, the increase in nonagricultural land use is estimated to be much
larger for both time periods. This suggests that reservoir con-
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struction does significantly increase the rate of change from agricultural to nonagricultural land uses. Moreover,
the rate of increase with reservoir construction is relatively greater in the after-2000 period, indicating that the
total differential impact will be realized over an extended time period.

The estimated differential land use results of Table 2 are generally similar to those of Table 1; however,
there is one interesting difference. The differential land use changes in Table 2 indicate that for the long-term
agricultural uses the pattern observed between 1964 and 1970 generally continues, but in the nonagricultural
uses the previous pattern of change does not continue. In fact most of the significant nonagricultural change
after 2000 occurs in the residential category. The other nonagricultural land uses remain relatively constant.

This result is particularly apparent in Table 3, which shows the percentage distribution of the total
nonagricultural differential land use impact in selected years. The results in Table 3 indicate that the early
differential impact on nonagricultural, nonresidential land uses is relatively important, but that over time the
projected differential change of these land use categories steadily declines. What this suggests is that reservoir
construction immediately stimulates infrastructure or facilitative investments asso-
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ciated with land uses such as transportation and utilities. These land uses increase at a rate far in excess of the
pre-investment rate causing a relatively large, relatively early differential impact illustrated by line segment BC
in Figure 3. Line segment CD in Figure 3 shows that after the construction of the reservoir is completed, there is
little additional land use conversion to these uses. In later time
periods, the land use pattern that would have existed if the
reservoir had not been constructed gradually catches up with the
post-investment land use pattern as shown by line segment EF.
Over time this catch-up process reduces the differential impact
for nonagricultural, nonresidential uses.

The projected patterns of residential land use change are
shown in Figure 4. Lines ABCD and ABEF represent residential
land use with and without reservoir construction respectively.
Line ABCD shows that an increase in residential activity
accompanies reservoir construction and continues into the
indefinite future. This secular increase in residential activity over
time suggests that the construction of a reservoir significantly
improves the esthetic qualities of the area, thereby increasing the
desirability of the area for suburban and/or second homesite
construction.

DISCUSSION
Estimates generated by a Markov model of differential land use change predict a substantial change in land

use and a significant increase in the rate of change of nonagricultural land use associated with the construction
of Keystone Reservoir. The results of the study also provided valuable insights into the additional or differential
long-term land use changes resulting from reservoir construction. Such information should supply professional
planners with an improved conceptual understanding of the land use change impacts of reservoir construction.
The study also illustrates a technique for producing improved estimates of reservoir-impacted land use change.
Such a technique should provide professional planners with a land use change estimation tool which should be
beneficial in benefit-cost analyses of project feasibility.

At the heart of the method used for projecting land uses in this study is the assumption that transition
probabilities remain constant through time; that is, trends in land uses in the base period continue in the future.
Future research should include an investigation of how transition probabilities change over time to allow the
development of a system of nonstationary transition probabilities which would compensate for changing
economic conditions.
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