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ABSTRACT

The USDA Soil Conservation Service LESA system is evaluated and analyzed in two
phases. First, using ten years of building permits in two targeted zones in Douglas
County, Kansas, a variety of LESA structures are compared. Redundant factors
and the impact of different weighting systems are examined, Phase Two follows
with a systematic method to determine the Site Assessment factors and their
interactions. Results indicate that certain evaluation structures are more reliably
congistent and that the systematic approach in Phase Two improves LESA
considerably. In addition, it is concluded that the final grading mechanism needs
attention, to assure proper protection. Planners are cautioned to consider these
issues when implementing LESA for their area,

INTRODUCTION

Resource planners have long been concerned about the preservation of prime
agricultural land [1-4]. They have utilized preferential taxation, conservation
easements, and focused zoning restrictions to prevent farmland conversion.
These efforts have produced mixed results, and are not always readily
recognized as successful [1, 5].

This lack of success prompted the U. S. Department of Agnculture s Soil
Conservation Service (SCS) to develop another tool for farmland preservation,
the Land Evaluation and Site Assessment System (LESA) [6]. The LESA
structure is devised to enumerate and assess the appropriate physical, social, and
economic factors to meet the planning objectives of a particular region. Its
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intent is to assist, not to replace, decision makers by providing an equitable and
more rational basis for their decisions. It is designed to be implemented on a
county-wide basis.

LESA is a two part system containing both a Land Evaluation subsystem
(LE) and a Site Assessment subsystem (SA). The LE subsystem rates the
physical capability of the soil to support viable agricultural production. The
soils of a given county are rated and placed in groups ranging from best to worst
for a specified agricultural use. From this, a relative score is assigned, the best
soil being given a score of 100, whiie the remaining soil groups are assigned
prorated lower scores. All of these scores are derived from the National
Cooperative Soil Survey in consultation with the County SCS district
conservationist. The LE subsystem is a value recommended not to exceed
one-third of the entire model (100 points in a 300 point model) [7].

The SA subsystem incorporates factors of local or regional importance which
are more closely related to social and economic planning factors. The SCS
recommends that this subsystem be assigned to two-thirds or more of the model
(200 points in a 300 point model). Each of the SA factors are assigned weights
which reflect the relative importance of each factor to the decision makers.
Then the factors receive values based on the degree of compliance with the
condition of that factor. The subsystem score is a linear function, the sum of
the products of all SA factor values and weights.

The LESA system was field tested in 1981 in a national pilot program
involving twelve counties in six states (Florida, Maryland, Illinois, Pennsylvania,
Washington, and Virginia) [7]. Program participants recommended to the SCS
that LESA be introduced nationally via SCS technical assistance to state and
local governments. LESA has been presented to SCS state staff, and various
state officials and has been adopted in two counties as a result. Currently in
Kansas the Douglas County Planning Staff has been considering adoption of
LESA or a similar system to help curb the development of agricultural lands. In
addition, Shawnee County, adjacent to Douglas County on the west, adopted a
LESA structure in 1983 [8].

Despite its attractiveness there are some shortcomings inherent in LESA as
outlined by the SCS and as it is usually implemented at the local level. The
assignments of internal weights and values for each factor can have major
impacts on the final scores calculated for a site. Further, there is no allowance
for the interdependence of these Site Assessment factors in most of the adopted
LESA systems.

The research described here examines several of these points. Phase One
examines the impacts of alternative weight assignment structures on the same
sites. Results of Phase One indicated a lack of factor separability, requiring
further study. Phase Two thus explores a specific approach for logically and
efficiently determining the Site Assessment factors as well as exploring the
explicit (or implicit) interactions among these factors.
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The main research issues being examined are thus:

1. What is the impact of weights on the final outcome of LESA scores?
2. What is the impact of varied internal weights on these outcomes?
3. How can the interdependence of evaluation factors be addressed?

STUDY AREA AND SAMPLE USED

Many of the countries in eastern Kansas are experiencing high growth rates,
consequently the agricultural areas are being reduced in size due to development
pressures. Douglas County is one of these. Its primary city, Lawrence, houses
the University of Kansas and several industries. Located forty miles west of
Kansas City, Lawrence has recently experienced one of the fastest rates of
growth in the United States [9]. While the overall population of the county
increased 13 percent between 1970 and 1980, the population in the
unincorporated portions of the county increased 18.8 percent [9]. The total
1980 population for the rural townships is thus already greater than that
predicted in the county’s 1976 Plan, with rural residential construction up 32
percent [10]. With an average rural parcel size of thirty acres for this
development, an increase of ten acres per parcel over the decade, considerably
more agricultural land is being converted or developed. In the past fifteen years,
Douglas County has lost over 40,000 acres of productive farmland (13% of its
total area). This loss is in part due to the creation of Clinton Lake and Park, but
at least one half of the loss is due to residential and industrial development
pressure into the rural areas and expansion [10].

Within Douglas County, previous studies have produced two useful data bases.
In the University of Kansas Geography Department, classes have studied the
development of a Geographical Information System (GIS) based on LESA; this
work is fully documented by Williams [11]. Their research developed data bases
for two distinct areas, each five by six kilometers in size (Figures 1-3). Area (NE)
is adjacent to Lawrence, the Kansas River and the Lawrence Airport, and
includes a site once proposed for an industrial park. Area (SW) exhibits most of
the different physiographic types found in Douglas County. These include the
Wakarusa and Kansas river floodplains, wooded areas, the cuesta complexes,
and glacial outwash plains, In addition, Area SW is bounded on the east by lowa
Street (U. S. Highway 59) and the Clinton Reservoir Dam to the southwest.

This is an area which is experiencing much of the county’s increasing
development since the completion of Clinton Reservoir. The combined factors
of mixed land uses, adjacency to the City of Lawrence, and the variety of
development pressures make both of these areas ideal for the current study.

The current project sampled ten years of building permit applications for new
single family homes from 1974 to 1983. This sample contained all the sites of
newly constructed single family houses, as recorded through building permit
applications, in each study area. In addition, within each study area the research
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Figure 1. Location map of two study sites in Douglas County, Kansas.

in Phase One compared a set of hypothetical building sites with the existing
permit sites. A hypothetical site consisted of any parcel of 160 acres or more
and was evaluated in terms of its potential protection as or conversion from
agricultural use. ‘

PROCEDURE

Phase One

The procedure for Phase One reflects the original intent to compare both
established and proposed LESA structures using the same data bases. It should
be noted here that the data bases utilized had specified limitations which first
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required attention. A few of the factors required for a particular LESA structure
were not available in the data bases; others had to be adapted. For example, in
the LESA structure adopted by Shawnee County, one factor of the SA
subsystem is “percent of land in agriculture use within 1/2 mile of the site.”
However, the data available in the GIS used a radius of one and one-half miles, in
keeping with the LESA structure discussed with Douglas County planning staff
[12]. Since the final data included all the necessary adjustments to
accommodate these variations, no significant inaccuracies resulted in the final
scores. That is, any specific SA factor requiring revision or recalculation was
checked for every site in the sample, thus assuring a consistent level of accuracy
among all the sites. This research used the Map Analysis Package, a
computerized geographic information system, to calculate or manipulate the
map whenever possible [13].

The first step in this phase of the project entailed the calculations of the
final LESA scores for each site. This part of the research utilized five different
evaluation structures for purposes of comparison. These five LESA structures
follow:

1. GIS — the numerical scores of the data base as available directly from the
GIS project (these factors and weights were calculated by the Geography
class according to recommendations from the original LESA report by the
SCS [6]);

2. GIS/DG — the above data base, and its factors, using different weights for
the factor calculations as suggested by Douglas County Planning Staff in
1983;

3. DG - the set of proposed SA factors for Douglas County (as per an
internal staff memo of August 1982) and the same weights as in “GIS/DG”
above; .

4. SHNEE — the LESA factors and weights as adopted by Shawnee County;
and finally

S. TREE — a “tree” structure of the proposed Douglas County factors, using
weights adjusted from GIS/DG to reflect the hierarchical relationships of

factors within the tree.

The tree structure, as illustrated in Figure 4, is useful for a variety of reasons.
Initial examination of the LESA structure adopted by Shawnee County, as well
as that proposed by Douglas County, uncovered some potential problems. When
any evaluation system includes many different judgement factors, Rittel strongly
argues that these factors must be mutually exclusive and independent elements,
otherwise an overlap and “double weighting” effect occurs [15]. Forexample,
there are four different factors in the examined LESA structures that address land
use around each site. These are weighted and evaluated separately and include:

1. “Percent of land immediately adjacent to the site in agricultural use”;
2. “Percent of land immediately adjacent to the site zoned for agricultural uses”;
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Figure 3. Area southwest — location of sites.

3. “Percent of land within one and one-half miles of the site in agriculture
use”;and

4. “Percent of land within one and one-half miles of the site zoned for
agricultural uses.”

A quick view of Figure 4 confirms the obvious redundancy implied in these
identified SA factors. As Wright indicates, the original SCS proposal included
categories of evaluation factors, which would reinforce the use of the tree
structure [16]. This structure can greatly simplify the LESA evaluation model.
Weights are assigned only within each level, or branching, of the tree, which’in
turn contains a smaller and therefore more understandable set of judgements
factors. This approach assures discrete sets of factors established within an
overall hierarchy. The adjusted weights given in Figure 4 reflect those provided
in conversations with members of the planning staff (16]. :

For each site, it was necessary to make several calculations. First the LE
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score was determined; this remained constant under all five LESA structures.
These scores were available directly from the GIS data base, calculated according
to the recommended procedure using “indicator crops” [11). Then the various
SA scores were calculated according to the five described LESA structures.
When added to the LE scores each site received a final LESA evaluation score.
For purposes of comparison, a set of calculations for Douglas County with equal
weights assigned to each factor became the “control” scores. The averaging of
LESA scores for each site across all five systems allowed an analysis of deviations
from mean scores. This was done only for Area NE, to check these potential
deviations and to determine if any of the five systems produced inherently
skewed results, '
Once all the sites had final LESA scores, interpretations of these scores were
done relative to a final evaluation, or decision, structure. This is another point
which reflects judgements by decision makers and may vary considerably.
Shawnee County adopted the SCS recommended structure which allocated 100
points maximum to the LE subsystem and 200 maximum for the SA subsystem.
Using the 300 point total from this system, four specific grade levels evolved:

If LESA Score Is: Then Planning Action Should Be:

A = 250 Points Extremely high protection efforts
B 225-249 High protection efforts

C 200-224 Moderate protection efforts

D <200 Low protection efforts

One hypothesis was that variations on this scoring structure would lead to
different permit responses, so two final evaluation structures were examined for
Area NE. Since none of the sites scored greater than 225 in Phase One, the first
alternative rescaled the decision categories to have a maximum possible score of
225 rather than 300. Since questions exist regarding the initial 1:2 ratio of
LE:SA scores, another approach involved recalculating the scores to see if this
ratio was significant. Establishing a 1:1 ratio for the LE:SA factors produced a
second alternative set of scores.

Phase Two

This phase of the project tested a specific approach for establishing the SA
factors in a logical and efficient manner. The approach to enumeration of factor
weights and incorporation of factor interactions involved an iterative learning
model, allowing several opportunities for planners to change their minds in the
face of new information (see Figure 5). It provided a formal procedure for
selecting factor weights as mutually exclusive entities via the Delphi technique
[17]. Following the determination of factor weights the relationships of. the
factors were structured using a cross-impact matrix.

Further model operation occurred through the application of the Kane
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Figure 5. Iterative learning model.

Simulation Model (KSIM), which indicated the effect of factor interaction over a
period of time [18]. Incorporation of these established interactions to the final
factor weights determined the final LESA model for Phase Two.

Initial discussion with participants from the Douglas County Planning and
Zoning Administration Officers began with the LESA system as originally
developed by the SCS. This group decided that the 100 point value for Land
Evaluation was arbitrary, and not useful for the area under consideration.

" Discussion continued with the presupposition that Land Evaluation would be
weighted along with the Site Assessment factors, and that it be given a weight
appropriate to planning in Douglas County. The planners then compiled a list of
factors which were of use in their decision-making processes, and each
participant privately ranked and weighed each factor as an independent agent in
the planning process. They also indicated their reasoning behind this ranking for
later discussion. Subsequent meetings led to arbitration among the participants
until a concensus was reached.

Once the factors were defined and their weights established, the cross-impact
matrix of the factors was compiled. This is one technique available which
addresses the problem of interdependent factors as raised in Phase One. The
matrix was designed to conform to the KSIM utilization of policy factors. A
sum of the policy factors became a single value, then'these values were tabulated.
With a completed matrix, a study site was selected, with the various factors
receiving appropriate weights. At this point a run of KSIM indicated the long
term impacts of these factors on this chosen site (see Figure 6). The planning
staff then discussed the results at length to decide if the model was performing
as expected.



