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FOREWORD

A. Purpose.

This monograph presents the experience which the Institute for Water
Resources has accumulated through two detailed and carefully controlled
applications of a land value approach to estimate the benefits accruing
to the agricultural sector from flood.control projects. In preparing
this report the contents have been deliberately tailored to be of
maximum utility to Corps of Engineers field personnel, to aid them in
future applications of the land value approach to estimation of flood
control benefits. To fulfill this goal, treatment of both the
theoretical basis and practical applications including their limitations
has been attempted.

The report links several distinct pieces of work. The methodolog-
ical framework developed by the Economic Research Service and the Wabash
applications of this framework were the responsibility of Robert F.
Boxley. (The results of these efforts were published as IWR Report

69-4, The Relationship Between Land Values and Flood Risk in the Wabash

River Basin.) The framework and its application to the Wabash are the
subject of Chapters II and III of this monograph and rely heavily on
Boxley's original treatment. The second application, to an area of the
Missouri River, was done by the author but relied on the Real Estate,
Planning, and Hydrologic Branches of the Kansas City Distript for its

successful completion.



B. Findings.

The results of these two applications were reinforcing and suggest
the role and usefulness of the land value approach may be more general
than heretofore realized. Multiple regression methods offer a viable
appfoach for estimating the value which the land market assigns to flood
risks and to their reduction. The issue then turns to whether the land
market accurately assesses the effect of flood risks on income. If we
define land values as the quotient of annual returns to land (rent)
divided by the appropriate rate of interest, V = %, differential changes
in R associated with flooding risk will be reflected in market vélue V.
If there is a significant difference between frequency damage and land
value methods of estimating the impacts of flood risks, the differences
would come from two sources: (1) difference in the assessment of the
changes in annual rent (R) -- the returns to land -- which is directly
estimated by the frequency-damage method and indirectly estimated by
the land value method, or (2) differences in the imputation of the
"proper" interest rate (i) -- a significant source of debate since the
planning rate of 3-57% is normally used in Corps of Engineers studies
whereas the market rate appropriate to the Missouri analysis was
approximately 9%.

With all candor, it appears to the researcher and to the reviewers
of the Missouri 'analysis that both sources accounted for the significant
differences between flood losses reported by the frequency damage method
and the flood losses imputed by land values. We have refeyred to the
difference in interest rates applied in each analysis, a cause for

significant differences. On the other hand, review of the frequency
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damage analysis indicates that several sensitive assumptions embodied
therein are, at best, tenuous. These include the assumptions of eleva--
tion of the zero. damage point -- related to the projection of rating
curves -- the effective protection (in this case solely related.to
elevation) of non-Federal levees in place and to a lesser extent, the

composite acre assumption of land use,

C. Assessment. -

The conclusions of this research are clear -- land values are
affected significantly by flood risks, the multiple regression analysis
does offer a viable way to estimate the impacts of flooding on land
values., It is also clear, that for several reasons land values tend
to understate the effects of flooding. The perception of hydrologic
risks by participants in the land market is often unbalanced and
generally biased towards the effect of floods of the type which occur
frequently with concurrent underassessment of the damages from infrequent
major floo&s. The interest rate applicable to the land value includes
allowances for risk and uncertainty associated with financial strength
and managerial skill of participants and the range of uncertain events
from other weather, insect and disease phenomenon.

One of the important factors in selecting a methodology is that of
study costs. We should point out that the land value method is not
inexpensive. Study costs would run at least as much as that required
by frequency-damage studies.

The shortcomings of the land value method need to be balanced

against the shortcomings of the frequency damage method for estimating

iii



agricultural crop damage. On balance, the land value method appears
to be appropriate for use as a check on other methods when a significant
level of agricultural crop benefits are anticipated from a project or

p rogram.

D. Status.

This research represents the findings, conclusions and independent
judgment of the researcher. The conclusions are not to be construed to -
necessarily represent the views of the Corps of Engineers. Policy
and procedural changes which may result from this research will be
implemented by directives and guidelines by the Chief of Engineers

through command channels.
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Chapter 1

Summary and Recommendations
A. Introduction

The idea of using land values and the differences in the value of
lands comparable except in their flood risk to estimate benefits to
agricultural land from flood control projects is not new to the Corps
of Engineers as is evidenced in the statements concerning its use in Corps
directives.l/ This report is not designed primarily to reiterate the
theoretical justifications of this approach, but rather to present in some
detail the results of applying this approach in a statistically rigorous
way to two study areas. The bulk of this monograph is not, however, directed
to analyzing the utility of the approach per se, although the strengths and
limitations of the approach are reviewed. The main concern is with a rather
detailed exposition of the statistical analyses of the two general study
areas, In this respect it is written primarily for use at the field level
of the Corps to serve as guide to the use of this approach in terms of the
types of data which are required, the form of the data for use in the regression
model, and the interpretation of the estimated regression models.

Prior to the analyses reported in this monograph, the land value
approach was applied generally by simply comparing the average value per

acre of farms in a study area subject to various degrees of flood hazard, .

1/ EM 1120-2-101, "Survey Investigations and Reports: General
Procedures."



ranging from very high to none. The simple difference of the means was to
give an indication of the capitalized reduction in income in the flood-
subject area from this hazard. The results of such analysis were frequently
and justifiably held suspect due to the lack of strict comparability of

the farms used in the analysis. In an effort to alleviate this problem

the Economic Research Service (ERS) was retained under contract with the Corps
to determine a more appropriate analytical method of employing land values

to reflect flood control benefits. In response to the charges of the contract
ERS employed a multiple regression analysis to three sub areas in the Wabash
and White River basins. The strongest argument for using the regression
technique (described in detail in Chapter II) is that it permits the comparison
of farms which do not have the same non-flood~hazard characteristics through
the use of a large number of farms and the weighting of each of the non-

flood factors to reflect their importance in the explanation of land values.’
One of the most useful features of this analysis is that it permits the
significance of each factor, including flood risk, to be tested

statistically as to its importance and reliability. Using the methodology
developed by ERS as a base, a second application was performed by the

Institute for Water ReSources to a levee district on the Missouri River.

B. Summary

The Wabash Application.

The major characteristics of the Wabash study done by the Economic

Research Service are the use of sales data to reflect the market value




of land and the application of the methodology to three topographically
different areas. The sales data were purged insofar as possible for those
transactions which may have invol#ed statistically significant extra-market
considerations. The three study areas, the Upper Wabash, Lower Wabash,

and White River area, represent large variations in the width of the flood-
plains and homogeneity of topography on and off of the floodplain.

The application of the regression analysis to the Upper and Lower
Wabash areas indicated that after controlling for differences in
productivity, lay of the land, location, and date of the sale a
statistically significant differential was found in the value of land per
acre associated with flood risk between farms located on the floodplain and
those in the upland area adjacent to the floodplain. Two aspects are of
particular interest: the floodplains in the Upper Wabash area weré fairly
narrow so that most of the farms were partially on and partially off of
the floodplain; the Lower Wabash possesses a somewhat broader floodplain
but there a number of private levees protecting the floodplain farms. 1In
both cases, it was stil} possible to establish a meaningful relation
between flood hazard and land values.

The White River study area has both a very narrow floodplain and
extremely uneven topography near the river. It was also difficult to
assemble a large enough sample of sales. The result of this combination
of factors was that it was not possible to establish a differential in
land values associated with flood risk. It seems probable that some of

the problems which prevented reaching a more favorable statistical result



could be overcome through use of a better data base; on the other hand, one
must question the applicability of this approach to areas with these physical

characteristics.

The Missouri Application

In the selection of the study area in the St. Joseph's reach of the
Missouri River two considerations were foremost., First that the flood-
plain be wide enough and the topography of the general study area be
homogeneous enough to permit successful application of the land value approach.
The second consideration was that the floodplain area subject to flooding
be close to another floodplain area which had been protected by a Federal
levee system for over fifteen years, i.e., a Federally protected area in
which all adjustments to the protection had taken place. This means that
three subareas were present: an unprotected floodplain area, a protected
floodplain area, and an adjacent upland area.zj It was then possible to
compare two sets of land values, protected vs. unprotected and uplands vs.
unprotected, and thus to test the hypothesis that the uplands vs. unprotected
comparison is an inappropriate way to measure the difference in land values
associated with flood risk.,

A major departure from the Wabash application in the Missouri study

was the use of 'gross estimates" prepared by appraisers to obtain the value

2/ The unprotected floodplain is actually largely protected by a pri-
vate levee system sufficient to protect against a flood with a five year
recurrance interval. The protected floodplain is protected by a federal
levee constructed in 1951, '




of the land. The primary reason for using gross estimates was to avoid a
statistical problem which had arisen in the Wabash. Because not enough

sales occurred in a given year in a study area in the Wabash, it was necéssary
to use sales over a number of years. This time series data involves factors
such as inflationary trends, variation in perceived and real flood risk, and
changes in the demand for land which all tend to distort the basic relationship
between flood risk and the value of land. The same potential problem reared
its head in the Missouri area, and it was decided to overcome it by getting

all of the land values at a single point in time--March 1970--through use

of gross estimates.

The results 'of the Missouri application reinforce those of the Wabash
application. A statistically significant differential was established
between the difference in land values and flood risk. 1In addition, the
differential indicated by the two sets of comparisons were practically
identical. Finally, the reasonableness of the estimated differential was
substantiated by a second field investigation aimed explicitly at determining
the flood damage experience and its effect on nét income over the last

two decades.
C. Recommendation

Application of the land value approach using the multiple regression
method to the Wabash and Missouri River study areas has indicated that the
approach is viable and that it yields realistic estimates of the value

that the land market assigns to flood protection in terms of the agricultural



productivity of the land. At the same time the flood Hydrograph-damage
frequency approach offerg a tested and generally defensible system for
making the same estimates and has the advantage of consistency with proce-
dures used in estimating non-agricultural damages and benefits.

Because of the many variables entering into both methods, it is not
unreasonable to anticipate some differences in results given by the two
approaches. Given more experience with the land value method it should be
possible for operational purposes to define what might be considered acceptable
levels or degrees of difference.

It is recommended, therefore, that the land value approach continue
to be employed as a check on the benefit estimates made using the flood
hydrograph approach in accordance with existing directives but that the
land value estimates be made using a multiple linear regression method in
the manner described herein.

The Institute for Water Resources stands ready to advise field offices
in the implementation of these recommendations to the extent our

resources permit.



Chapter II
A Theoretical and Applied Framework for
Estimating Flood Control Benefits from Land Values

This chapter is designed to present the background materials necessary
for understanding the descriptions of the empirical applications which
follow it. The first Part of the chapter begins by setting out the theory
of economic rent in simple form. In this formulation of the theory, land
is the only fixed factor in a perfectly competitive economy. The follow=
ing sections relax the 1nitia1 assumptions as well as investigatirg the
importance of various factors which may tend to hamper the application
of this theoretical framework to real world situations. The second Part
of this chapter first reviews the previous attempts at implementing the
basic theory and then presents the general approach adopted in these

studies.
I. The Theoretical Framework

A. Land Rent Theory

Of the traditional classes of factors of production (land, labor and
capital) land is unique because it 1s fixed in supply and lacks mobility.
In contrast the other factors, generally, are reproducible and possess
mobility. They can transfer to alternative uses and, hence, can command
their market value. Land, however, can command only what is left; that
is, the residual value of its product after deducting the payments to

all other factors. This residual, or rent, determines the real value of



land and, when capitalized at interest rates considered to be appropriate
to the investment conditions involved, determines the market value of land.
The nature of land rent can be illustrated by considering first a parcel
of land free of flooding hazards.l/ Depending on its location, climate,
topography, natural fertility, and other natural factors, this unit of land
will have an inherent productivity. In order for this productivity to be
obtained, however, the land must be combined with other factors of produc-
tion--seed, fertilizer, labor, and managerial and machinery services.
Rather than deal with each of these inputs separately, we can consider these
other factors of production as a composite bundle of nonland inputs that
we conveniently denote as "capital-labor." Weé visualize these nonland inputs
as being highly divisible so that units of capital-labor can be combined with
a unit of land in sufficiently small increments to approach a continuous
production function.
The usual agricultural production f;nction has the characteristic that
as additional units of capital-labor are added to a fixed unit of land,
total product will increase but, beyond some point, at a decreasing rate.
From this relationship, assuming & constant product price, we can obtain
a value of marginal product (VMP) curve for capital-labor as in Figure 1.

Over the relevant range of production decisions the VMP curve is down-

ward sloping to the right. The VMP curve simply indicates that as

1/ The model used in this section is adapted from a model presented
in: Edward F. Renshaw, "The Relationship Between Flood Losses and Flood-
Control Benefits," in Papers on Flood Problems, Gilbert F. White (ed.).
University of Chicago, Department of Geography Research Paper No. 70, 1961.




more of the variable inputs are used with the fixed unit of land the

value of total output increases but at a decreasing rate. The total

value of the product forthcoming at any level of capital-labor application
is equivalent to the area under the VMP curve from the origin to the point
on the abscissa corresponding to that level of capital-labor,g/

The unit cost of the nonland resources (''capital-labor'") is assumed to
be (Po). Under conditions of pure competition in factor markets (which
implies perfect mobility of all nonland resources), the price of capital-
labor is determined by its opportunity cost. Capital-labor cannot command a
price higher than (P,) and will not be available for employment on the unit
of land at a price less than (P,). If additional units of capital-labor are
available at a constant price we derive a straight-line '"cost of capital-
labor" function P,P',).

Given the VMP and cost of capital-labor functions, returns to the fixed
unit of land will be maximized if (Xo) units of capital are combined with

each unit of land. The payment to capital-labor is its price (P,) times the

(Xo) units, or the area (J Q X, 0). The residual (AQJ) is a surplus, or

2/ To simplify the graphical presentation we assume a production
function with a positive intercept and decreasing returns to the variable
factor over the entire function.
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Figure l-- capital-labor costs and rent to flood-free land
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rent, that accrues to land as the scarce resource. As we will illustrate
below, the market value of this unit of land will be determined by the
annual rent it can earn, given an appropriate capitalization rate.

We now drop the assumption of flood-free location. Instead, assume
that the unit of land is located on a flood plain subject to periodic
inundation of uncertain occurrence, duration, and magnitude. Figure 1 has
been reproduced as part of Figure 2 with the VMP curve now labeled (VMP1).
The VMP curve in Figure 1 was drawn on the assumption that the land was in
its highest and best use.(say, truck-farming). The nonland resources might
have been combined in other ways to produce other products, such as a
cash-crop represented by (VMP,), but this would represent less-than-optimum
use of the land under the postulated flood-free conditiqns.ﬁl

The (VMP;) and (VMP;) functions may still be viewed as the VMP curves
for truck and cash-crops, respectively, on the flood plain tract in a

year when floods do not occur. However, the entrepreneur must now take

potential flood losses into account and discount the VMP schedule accordingly.

3/ From the diagram we can deduce a theoretical measure of the maximmm
expected benefits from flood protection. From the VMP curve in Figure 1
we know the land will not be placed in production unléss the cost of capital-
labor is less than (P2). For capital-labor costs greater than (Py) the land will
be land in its natural state (and have no market value for productive purposes),
until events either lower the cost of capital-labor or shift the VMP curve upward,
As we shall see below, offering flood protection may have both effects. There-
fore, it follows that the maximum annual benefits to be acquired from providing
flood control to undeveloped agricultural land cannot excded the annual net
rent on comparable agricultural land not subject to flooding.

4/ For simplicity, we draw the VMP curves as nonintersecting and assume
a common cost of capital-labor function regardless of the product produced.

11



Price or cost per unit

M)

VMP2
VMP 4
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Figure 2.-- Capital-labor costs and rent to flood plain land,

befibre and after flood protection
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Truck farming may be a land use that is especially vulnerable to flood
damages and therefore must be heavily discounted, perhaps to the point
that production on the flood plain is uneconomic. On the other hand,
while cash-crop farming is not as profitable on a flood-free location, it
may also be a use that is better able to withstand inundation and therefore
be the preferred flood plain enterprise. The (VMP2) schedule is not the
relevant curve for the cash-crop enterprise, however, bécause it does not
reflect the expected damages from flooding. If a probability distribution
can be assigned to the anticipated damages, (VMP3) cédn be derived. This
curve must be viewed as the expected value of marginal product curve for
a cash-crop enterprise in the flood plain. 1In the absencé of flood pio-
tection the (VMP3) becomes the relevant planning curve.

The value of marginal product schedule was discounted from (VMPZ) to
(VMPSY to reflect the expected loss in yields and other direct crop damage
from flooding. 1In addition there may be additional capital-labor costs
incurred in replanting, replacing leached nutrients, etc., following a
flood.é/ Suppose an entrepreneur can expect to incur, on the average,
additional costs equivalent to (Pl'PO) on each unit of capital-labor

employed. Then, in terms of expected costs, the "cost of capital-labor"

function is (PlP'l) and (X;) units of capital-labor will be used. The expected

5/ Although this exposition is in terms of crop damages, other physical
damages {(debris deposition, erosion) can be incorporated into the diagram.
To include highly localized damages (building, bank cutting), a "farm'
could be the fixed unit, or the damages from these sources could be allo-
cated on a per-acre basis over the acres flooded on each farm.

13



payment to the nonland resources is (DEXID) and the residual (CED) is the rent
accruing to land.
The difference in the rent triangles (AQJ) minus (CED) is the ex-
pected average annual benefits from complete flood protection. We can
further identify the sources of the expected benefits:
(1) Given the decision to invest (Xy) units of capital-labor on the
flood plain land, losses are expected to be incurred from ka) additional
capital-labor costs equivalent to (DEKJ), and (b) direct crop losses
equivalent to the area between the (VMPZ) and (VMP3) curves measured by
the area (BREC). These losses will be avoided by flood‘cOntrol measures.

We term the prevention of these losses direct damage reduction benefits.

(2) with flood control but with a decision to continue to produce
cash-crops, the relevant schedules are (VMP3) and (PoP',). Now, how-
ever, (Xl) is not the optimum capital-tabor input. Capital-labor will
be increased to (Xj3). Thg additional cost is (KNX,X;), the additional
return is (RNxle) yielding a surplus (RNK) which we term an efficiency
benefit,

(3) with flood control, cash-crop farming is no longer the best

use of the flood plain land. The entrepreneur will now shift to

truck farming (VMPI). Capital inputs will be increased to X,

yielding a surplus (SNG), but in addition each unit of capital will

14




now yield a higher return than in its former use. The total gain

will be the area (AQNB) which we will term the higher utilization
6/
benefit.

In practice flood control is not apt to be complete and, therefore, the
expected annual benefits will be less than the difference between the rent
triangles (ADJ) and (CED). However, the general effect of flood control
investment will be to lower the expected cost of capital-labor curve and
shift the expected value of marginal product curve to the right. The result
will be an expansion in the size of the rent triangle and the difference in
area between the "o0ld" and "new'" triangle will measure the expected benefits.

B. Relationship of Land Rent Theory
to Conventional Agency Procedures

7/

The Corps of Engineers classifies the damages from flooding as:

(1) Tangible flood damages
a. Physical damages, including the cost of cleanup,
damages to or loss of buildings or parts thereof
loss of contents, including furnishings, equipment
decorations, stocks of raw materials, materials in
process and completed products.
b. Emergency costs, including those additional ex-
penses resulting from a flood that would not otherwise
be incurred such as evacuation and reoccupation, flood

6/ 1In COE terminology, the benefits we have termed efficiency and
higher utilization are considered jointly as enhancement benefits. We
will continue to use the COE terminology where it is unambiguous. Our
distinction seems useful, however, because of the possibility that the
efficiency and higher utilization benefits may be realized separately in
time. Efficiency benefits are likely to accrue immediately but, for a
number of reasons, a shift to higher land usage may be delayed or occur
only gradually over time.

7/ U.S. Army Corps of Engineers, "Survey Investigations and Reports:
General Procedures," Engineering Manual EM 1120-2-101 (includes change 16),
12 October, 64 (Mimeographed), pp. 50-50b.
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fighting, disaster relief, increased expense of
normal operations during a flood, increased costs of
police, fire or military patrol, and abnormal wear
and tear on alternative routes of traffic.

c. Business and financial losses, including the
various economic losses other than physical damages
and emergency costs, resulting from a flood such as
net loss of normal profit and earnings to capital,
management and labor in the readily identifiable

zone of flood influence. The estimate should exclude
all losses that may be compensated for by increased
economic activity in the area affected at a later
date (postponed sales, etc.) or in an unaffected area
at any time (alternative sales by competitors, etc.),
and also losses to activities remote from the flooded
area where adjustments can be made during or after
flood periods to avoid or compensate for the loss.

(2) 1Intangible flood damages
Those detrimental effects of floods that cannot
be given market or monetary values, except by
assignment of arbitrary values or by assuming
them: analogous or equivalent to marketable goods
or services. When given values they should be
classed as tangible damages; when not evaluated
they should be discussed objectively. No
monetary value is to be placed on loss of human
life.

A further requirement is that damage estimation procedures are to take into

account prospective enhancement or increased utilization:

Basic estimates of flood damages
will be prepared for the existing state
of development of the area surveyed.:
Forecasts will then be made of the prob-
able trends and nature of developments
and activities in the flood area and ad-
jacent affected region, based on the most
probable economic use of the area both
without and with the project under con-
struction....The prospective "normal"
state of development without the project,
and the susceptibility thereof to flood
damage, over the life of the project will
be the basis for modifying the basic estimates
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of average annual damages for current conditions to
determine prospective average annual damages. The
modified damage data, after correlation with flood
stages and frequencies, and adjustments for ex-
pected normal development conditions without the
considered project, will be used for estimating
probable flood control benefits. Prospective de-
velopment with the project, if different than that
expected without the project, will be the basis for
estimating probable additional enhancement or in-
creased utilization benefits.

The Engineering Manual specifies that tangible flood damages may be
evaluated by one or more of the standard approved methods; as the cost
of restoration (repair or feplacement less normal depreciation), com-
parative market or sales value, or the income capitalization method.

The first two methods are suggested for evaluation of physical damages
and emergency costs; the income capitalization methed for evaluation
of agricultural crop losses. The Manual also specifies that when the
estimates are to be used for project evaluation (rather than reporting
on a flood of record),. nonrecurring damages and damages preventable by
prudent management are to be eliminated.

For agricultural areas this list of damage sources can be reduced.
Emergency costs, for the most part, are borne by local (or larger)
governing units. To the extent these costs are encountered in both rural
and urban areas, there is little point in allocating a portion of the cost
to the agricultural sector. Some emergency costs specific to agriculture,
such as farm home evacuation or emergency harvest, flood protection,
and salvage costs may need be considered. It is also difficult to con-

ceive of a significant intangible damage source stemming solely from

the agricultural sector. The significant damage classes for the

17



agricultural sector, then, are tangible physical damages and business and

financial losses.

In treating agricultural damages the usual procedure is to classify
physical damages into '"crop' and '"noncrop" categories. WNoncrop agri-
cultural damages are physical damages to soils and farm structures.
Damages typically enumerated include bank cutting, erosion, sanding and
debris deposition, damages to farm buildings, fences, machinery, stored
crops, ditches, and livestock loss. All of these damage sources can
be straight-forwardly evaluated by the cost of restoration or comparative
market value methods.

Crop damages are enumerated separately because they can best be esti-
mated by the income evaluation method which automatically considers business
and financial losses.g/ Although the application of the income evaluation
method can become quite complicated, the principle of the method is simple
and basically involves determining the expected increase in net income
that would stem from flood alleviation. The income evaluation method
essentially counts (a) the direct income loss to the farmer--which is
the value of his productive investments in the crop (including expected
returns to his labor and land) at the time of flooding, less any harvest-
ing costs foregone or losses recouped through replanting or salvaging
a part of the crop, and (b) income foregone where the flood hazard pre-

cludes higher valued agricultural use of the land.

8/ Crop damages are also enumerated separately because they are
functions of the seasonality as well as the depth and duration of flood-
ing to a much larger degree than noncrop or nonagricultural damages and
therefore require special estimating techniques. :
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The sources of agricultural flocd control benefits follow directly
from the sources of flood damages. The major source is direct damage
reduction. .To the extent that flood control reduces or alleviates
tangible crop and noncrop damages, the‘value of the reduction is
attributable to the flood control project as a benefit. In addition,
further benefits are possible to the extent that protection makes
feasible a shift to a higher economic level of land use. These latter
benefits are termed "enhancement" or "increased utilization" benefits.gl

It should be obvious, however, that the benefits we have labeled as
"direct damage reduction," "efficiency," and "higher utilization"
benefits in the theoretical model are the same as the Corps' measure
of direct damage and enhancement benefits. Thus, if only an isolated
tract af raw land were being traded and the only expected damage was to
growing crops, the land value approach should give the same estimate of
agricultural crop damages as the conventional approach. However, it is
necessary to consider that most agricultural land is transferred as
"farms" which include fixed capital investments in fences, drainage
ditches, and (usually) a set of farm buildings used with the land or

as a farm residence. In addition, the land itself may be subject

9/ Since this study is of agricultural land values we will consider
that the only enhancement that occurs is from shifts to higher-valued
agricultural uses. It is also possible that flood protection may make
it feasible to shift the land out of agriculture to residential, com-
mercial or industrial uses, This is especially likely to dccur on flood
plains in or near urban areas or in extremely mountainous areas where
the flood plains are the only feasible areas for development. The land
value principles would apply equally here but are not considered in this
report.
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to physical damages from bank cutting, scouring, silting or debris depo-
sition. We would expect these noncrop damages to also be reflected in
the total price of a tract of land and hence in the per acre value of
the land and associated capital investments. Thus the appropriate
measure of losses that should be reflected in land values will generally
be the total agricultural damages (crop plus noncrop) as conventionally
computed.l'Q

In ofder to relate the rent changes to land values and to conventional
damage estimates it may be helpful to supply some hypothetical numbers
to the diagram in Figure 2. Suppose the land is capable of producing a
100-bushel corn crop in flood free years with a value of $1.00 per bushel
at the farm (i.e., after deducting transportation and marketing costs).
The gross return to the land would be $100. If the payment to all other
factors of production is $80, a residual of $20 per acre would accrué to
the land. If an entrepreneur expected a return of 5.0 percent on his

11/
investment, he would be willing to pay $400 for the land.™ Suppose,

10/ Theoretically, there are probably grounds for questioning how
potential damages to farm residences and contents should be classified
or for questioning whether land buyers are this precise in evaluating
these potential damages. As a practical matter, however, this is probably
an insignificant issue. In the Wabash Basin, for example, there were
very few buildings actually located on the flood plain and '"property"
damage was a very minor component of COE noncrop damages estimates. The
major noncrop damage sources were from bank cutting, sanding and ditch
damages. See, for example: U.S. Army Engineer District, Louisville,
Corps of Engineers, '"Wabash River Basin Comprehensive Study," Interim
Report No., 3, March 1967.

11/ Assuming the use of the simple capitalization formula V=R/i, where
R= the annual rent to land and i= the capitalization rate.. Landowners
may use more complicated formulas, especially if they impose a restraint
in terms of a planning horizon of 20 or 30 years, but the difference in
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however, that the land is regularly inundated by early spring floods
which delay planting so that the expected yield is only 95 bushels and
that additional costs of $3 an acre are encountered because part of the
seedbed preparation must be reworked or debris must be removed from the
land. Then the net return to the land would be reduced to $12 an acre
($95-$83) for an indicated market value of $240 an acre.

Finally, it may be likely that, with flood protection, the land would
be shifted to, say, melon production with a value of $105 per acre and
with production costs of $82 per acre. Then the expected return would be
$23 per acre for an indicated land value of $460 per acre.

Using conventional procedures, the expected benefits from flood pro-
tection would be estimated by summing the components of the rent change.
The direct damage reduction would be $5 from prevention of crop damages
(5 bushels of corn) and $3 from savings in production costs. In addition,
assuming an immediate shift to melon production, net returns would be
further increased by $3 a year, which would be classified as an enhance-
ment benefit. Thus the total expected benefits would be $11 annually.

This same conclusion could have been reached by examining the dif-
ferences between the price of the flooding land ($240 and the price of
comparable land capable of being used for melon production ($460)--assuming

that such land could be found nearby, either behind a levee or at an

capital values would be small (at 5 percent) and this formula is adequate
for relative comparisons. For alternative capitalization formulas see:
Raleigh Barlowe, Land Resource Economics, (Englewood Cliffs, N.J.:
Prentice-Hall, Inc., 1963), pp. 186-190.
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elevation above the inundation limits. The difference in price of $220

is equivalent, at 5 percent, to an annual return to land of $11_per acre.
In this hypothetical example, the estimated benefits are exactly

the same, regardless of how they are derived--as they should be if all the

relationships are as specified and with the aséumption of full knowledge

by both the landowners and the benefit estimator. In practice we would

not necessarily expect the landowners or benefit estimators to have full

knowledge of the flood risk and potential flood control benefits. However,

the principles of rent capitalization provide a potentially powerful

analytical aid. Given, for example, a conventionally-derived estimate of

total annual benefits of $11 per acre we know that this estimate should be

supported by price difference of around $220 an acre (at 5 percent) between

the flood plain and comparable flood-free land; i.e., if flood plain land is

selling for $240 an acre, comparable uplands should be priced around $460.

If this estimate cannot be supported by prevailing price differentials we

should at least be alerted to the possibilities of errors in the estimating

process.

C. Factors Distorting the Basic Relationship

While the basic theory has been outlined with disarming simplicity,
there are a number of factors which in reality serve to distort the basic
relationship between the value assigned to land or farms, as the pro-
ductive unit, and the risk of flood d;mage. Put differently, the purpose

of this section is to enunciate a number of factors which affect the
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magnitude of the perceived or measured differential between flood plain
and flood free land similar in other ways. In terms of Figure 2, the

issue is what factors might cause the measured distance between VMP,

and VMP, to differ from the actual, and thus to distort the correspond-
ence between the measured differential and the benefits which actually

would accrue to flood protection projects.

The Land Market's Evaluation of Flooding Hazards

The diagrams in Figures 1 and 2 are simplified views of reality based
on assumptions of competitive equilibrium, perfect knowledge and mobile
resources. In practice, knowledge is not perfect and economic conditions
are not static so that equilibrium is not universally achieved. In a well-
settled, reasonably homogenous area we can expect land prices to be closely
tied to the land's productivity because of the accumulated knowledge by the
land market participants. However, most objections to a land-value model
are based on the belief that land buyers cannot be assumed to have equal
knowledge of the expected returns on flood plain lands because they do not
have full knowledge of the flooding hazards. The basic issue here is
whether participants in the land market--to whom the flood hazard is only
one element that must be considered in a decision to buy or sell land--can
be expected to evaluate expected losses attr%butable to flooding as accurately
as can specialists trained and experiénced in the field.

Investigation of this issue is one of the purposes of this research.
However, before proceeding to discuss what evidence has been uncovered

within the course of the two applications of the land value approach, a
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brief review of the most relevant literature is made in order to provide
the necessary background.

The search of literature failed to reveal any studies that have
directly examined the land market's effectiveness or that have specifically
evaluated the attitudes of agricultural operators of flood plain land. The
Department of Geography of the University of Chicago has sponsored a number
of papers primarily investigating urban and industrial uses of flood plains.lg/
Although the behaviorial and informational factors involved in human occupancy
should apply to some extent to both urban and rural areas we would general{y
expect agricultural operators of flood plain land to be somewhat better in-
formed than their urban counterparts because of their closer involvement in
flood plain activities. Nevertheless, some of the more relevant of the
Chicago studies are briefly reviewed below as indications of the factors
that may lead flood plain occupants to either under or over-value flood plain

lands relative to the actual flood risk.

12/ Gilbert F. White, Human Adjustment to Floods: A Geographical Ap-
proach to the Flood Problem in the United States, Research Paper No. 29
(1945); Francis C. Murphy, Regulating Flood Plain Development, Research
Paper No. 56 (1958); Gilbert F. White, et al., Changes in Urban Occupance
of Flood Plains Proofing: An Element in a Flood Damage Reduction Program,
Research Paper No. 65 (1960); Gilbert F. White, et. al., Papers on Flood
Problems, Research Paper No. 70 (1961); Ian Burton, Types of Agricultural
Occupance of Flood Plaing in the United States, Research Paper No. 75
(1962); R. W. Kates, Hazard and Choice Perception in Flood Plain Management,
Research Paper No. 78 (1962); Gilbert F. White, Choice of Adjustment to
Floods, Research Paper No. 93 (1964); R. W. Kates, Industrial Flood Losses:
Damage Estimation in the Lehigh Valley, Research Faper No. 98 (1965);

W. R. Derrick Sewell, Water Management and Floods in the Fraser River Basin,
Research Paper No. 100 (1965).
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The Nature of the Flood Hazard.--Probably the most important conclusion

arising from these studies affecting the validity ;f the landivHTué.approach
is that flood plain occupants may have little knowledge of the true risks

involved, As White notes:

The 'flood hazard is underestimated by most flood plain dwellers
because of the infrequency of major floods, the frailties of
‘human memory, and the reluctance of some people, for economit
reasons or from sheer obstinacy, to admit that past floods may
be repeated or exceeded...As a general rule, the flood hazard
tends to wax and wane in the public mind in direct relation to
the occurrence of high water....

""Another discrepancy between concept and reality in dealing with
floods exists in the tendency of laymen and technicians alike
to assume that the highest flood of record will never be ex-
ceeded. In virtually all flood plains of the United States,
occupance has been arranged, where any account is taken of the
flood hazard in the tacit belief that the largest flood of
record also is the probable maximum flood. 13/

White's observations indicate that the awareness by flood plain occupants
of flood risk is partly a function of the frequency of flooding. Thus, the
flood hazard on land subject to frequent inundation may be reflected in land
prices, while land located at an elevation slightly above this inundation

level may reflect no discount for the hazard although it may still be flooded

frequently enough to significantly affect the expected annual rent to land.

13/ Gilbert F. White: Human Adjustment to Floods, op. cit., pp. 51-52,
In connection with White's last point it is interesting that a report issued
by the American Insurance Association notes that '"the investigations of the
engineers strongly indicate that neither the maximum probable loss from
floods nor the maximum probable frequency of flood occurances in any given
period has yet been experienced in the United States." American Insurance
Association, Studies of Floods and Flood Damage, 1952-1955 (New York:
American Insurance Association, 1956), p. 4.
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In this cése, a land-valuz check applied to the higher elevations will
fail to reveal a price differential attributable to flooding.

This possibility creates the problem of defining the relevant flood
plain. A general practice among engineers and other flood control
specialists is to take the limits of the historical flood of record or
the synthetic "100syear" flood as defining the flood plain. In many areas of
the Wabash, for example, an alluvial valley can be discerned that may or
may not coincide with the historical flood of record. The problem for the
land value approach is that if any of these measures (flood of recoxrd, 100-
year flood, or apparent valley limits) are taken as defining the flood
plain in an area where land buyers and sellers do not recognize the risk
of the larger floods, any differences between land values of this "flood
plain" and flood-free land will underestimate the true discounting for flood
risk that did occur on the lower elevations of the plain. This possibility
does not necessarily rule out the use of land values, since land values
could 8till be used as a check of damage computations over that part of
the frequency distribution that flood plain occupants recognize, but this
must be known a priori or determined as part of the application of the land-
value model.,

It seems possible that land buyers and sellers, collectively, may in
many cases actually have a better knowledge of expected losses from the
more frequent floods than the engineer or hydrologist because of the
limited time and data available to these specialists in typical project

justification studies. However, land buyers may have little ability to

26



recognize and discount for the hazards of the larger floods and-land values
14

may fail to reflect the possibility of catastropic events.--ﬁ.fLacking
better information, it may be entirely rational for an individual to take
the high water mark of the largest known flood as a measure of maximum
flood danger he faces, as White suggests. Society, on the other hand, will
want to evaluate not only the worst that has happened in the past but also
that which has some measurable probability of happening in the future, and
to adjust expectations, and investment decisions accordingly. To the . .-:
extent that individuals ignore the possibility of events that have no
recorded historical precedents, they will underestimate the risks of flood
plain occupance. This will lead to an '"overpricing'" of land relative to a
price based on more accurate expectations. If the flood plain land is
overpriced in view of the flood hazard, a land-value comparison will under-
estimate a part of the benefits of flood control. 1In effect, part of the
benefit of protection will serve to indemnify current owners of flood
plain land for their past mistakes, and the increment in land values follow-
ing protection will be less than otherwise would have occurred.

White's observations also suggest the hypothesis that the land market
tends to reflect the occurrence of the rare flood event in a predictable

way. As time passes without a major flood, flood plain land values may

14/ 1In a 52-year period ending in 1957, more than 40 percent of all re-
corded losses in the United States were attributed to six floods. See:
Edward F. Renshaw, "The Relationship Between Flood Losses and Flood-Control
Benefits," Ch, III in G. F. White (ed.) Papers on Flood Problems, op. cit.
p. 4l. '
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gradually rise reflecting the receding awareness of the flood hazard. Then,
immediately following a major flood, the market may tend to collapse as the
hazard is reevaluated, perhaps pessimistically. In a few years, land values
may begin to rise again as the physicai evidence of the flooding disappears.

1f ;uch a psttern exists, a land-value model will tend to over or underestimate
expected benefits according to when the check is made. It will be an accurate
reflection of the expected damages only coincidentally.

Sheaffer.lé/ in a study of the feasibility of flood-proofing structures
in Bristol, Tennessee, found other evidence that confirms White's observatioms.
The city had experienced 31 floods during a 92-year period from 1867 to
1959 (the year of Sheaffer's survey), with the most recent large flood occuring
in 1929.

Sheaffer found that many Bristolians believed their city was no longer
subject to flooding since nearly 30 years had expired since the last major
flood. He hypothesized that if an area has not suffered a major flood in the
past 25 years, for all practical purposes in the minds of the inhabitants it
is not subject to flooding. Many renters and property owners were unaware
that they were living on a flood plain. The owners who were aware of the
hazsrd consistently regarded the 1929 flood as the maximum possible flood
that could occur in Bristol but even then underestimated the height of that

flood in relation to their property.

15/ John R. Sheaffer, Flood Proofing op. cit.
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Sheaffer reported that incomplete and inadequate streamflow improve-
ments within the city (that had not been carried far enough to provide actual
flood height reduction) and the construction of a dam on a separate water-
shed that would have no effect on the stream flowing thr;ugh Bristol, were
cited as reasons for optimism regarding future flooding. This would indi-
cate that land market participants are likely to view any flood control
installation as offering complete protection unless vigorous efforts are
made to inform them otherwise or until events prove that their optimism
was unfounded.

This finding also has implications for the land-value approach in
areas receiving partial protection, especially partial protection from
levees. Although the residual damages from greater-than-design floods
may be great enough to warrant further protection, the value of the lands
behind the levees may fail to reflect the expected residual damages
because of (a) the tendency to overestimate the level of protection cur-
rently offered and (b) the tendency to discount the possibility of lower-
frequency floods that would overflow the levees.

The degree of flood hazard awareness by urban flood plain occupants
is probably less than that expected of inhabitants of agricultural lands
bordering major streams with higher incidence of flooding. Farmers should
be expected to be more aware of the unpredictabiliéy of nature than
urbanites simply because of their closeness to nature in their day-to-day
work and this should increase their awareness of the potential destructive-
ness of floods. However, if flood awareness is a function of flood experiences,
we may find that land price sensitivity varies from basin to basin--and even

between downstream and upstream reaches within a basin--as flood experiences vary.
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Seasonality.~--Another source of underestimation of flood risks may arise
from the fact that flooding in the various river basins of the United States
tends to follow well-defined, but not perfect, patterns of seasonality.lé/
Thus, in addition to a probability distribution of flood frequencies there
is also a distribution of time of occurrence within years. If the median
time of occurrence within a basin is winter or early spring, and if the major
source of agricultural flood losses is crop damage, agricultural losses will
typically be low except for the "out-of-season" flood. In order to realistically
appraise the flood risk, the individual needs to know both distributions. 1If
he underestimates the probablity of occurrence of either, the compounding of
probabilities involved will lead to even greater underestimation of flood
risks and, hence, expected losses.ll/

In order to test what the perception of the market is with respect to
flood risk, two field investigations of the Missouri River study area were
carried out, The first investigation, which was conducted to assemble the
data base for the analysis, indicated that farmers seem in general to be
quite knowledgeable as to the frequency and the extent of flooding on their

land. A second investigation, designed to address the question of their

perception of flood risk explicitly, reinforced the conclusions of the first

16/ Robert W. Kates, "Seasonality" In: Papers on Flood Problems G.F.
White (ed), op. cit. pp. 114-131.

17/ For example. if the probability of a flood in a given year is 0.50 and
the probability that it will be a damaging spring flood is 0.25, the probability
that a loss will be incurred is 0.125. If the probability of spring flooding
is mistakenly believed to be only 0.15 the risk will appear to be only 0.075.
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effort. The farmers and other knowledgeable people in the area were found to

be accurately aware of the extent of flooding and magnitude of losses of the past
20 years and to generally expect the .same type of flooding in the future. An
interesting aspect of the findings of this effort is the mental attitude of

"the people in the flood prone area toward floods. They had made as many ad-
justments as possible in terms of minimizing the damage which would accompany
flooding and in general were quite willing to move on and off their farms with_
flooding with little hesitation.

Discussion with the farmers in the area indicated that they had experi-
enced flooding in four years during the 17 year period ending in 1969: 1952,
1960, 1965, 1967. These floods varied from the flood of record (1952) to
quite minor flooding (1965). The people interviewed also had the general
feeling that the breeching of the private levee protecting the area had in
some of these cases been caused by negligence on the part of the farmers
themselves. This implies to some degree that the farmers may overestimate the
extent of protection afforded by the levee. On the other hand, the general
distribution of flooding events shown by the hydrological data in the 1963
Flood Damage Report (Exhibits 3A and 3B), suggests that the frequency of
flooding probably is quite close to that which might be expected by the farmers
in general. It is still likely, however, that the frequency and extent of
major floods (greater than a 25-year average recurrance interval flood) are
undereatimated by the market. Because the crop damages associated with any
particular flood are not great (relative to non-crop and non-agricultural
damages), the extent of the error introduced into the total estimate of the crop

damages (and total damages to a greater extent) is quite small. An extreme .

outside estimate of the bias would be in the neighborhood of 50 percent.
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Disaster Relief.--The factors discussed above all act to lead a prospec-

tive land purchaser to discount the expected return to land less than a real-
istic view of the flood risk would dictate. Another factor that does not
directly affect the expected value of marginal product or cost of capital
schedules but which acts to reduce the financial burden of flood losses is the
_disaster relief available to flood plain occupants paid, for the most part,
by the occupants of nonflood areas. In addition to direct relief aid offered
by the Red Cross and other agencies at the time of the flood, loans, grants,
and rehabilitation aid may be available from Federal and State agencies, and
disaster losses can be used to offset income tax liabilities.lg/ In addition,
direct income losses resulting from a flood may be offset by increased
off-farm employment opportunities for relief or rehabilitation work.
Speculation. --Under this simple and broad caption there appears a

variety of factors which may affect the basic relationship. There are a
number of reasons why prices are paid for land which are already in excess

of its productive potential, but only some of which have a deleterious

effect on our ability to estimate the differential in the productive capacities
of flood prone and flood free farms. If the cause of the speculation is such
that it applies generally to all land or farms, the effect is simply to raise
the intercept of the relation between price and productive capacity equally
for all farms regardless of their location thus leaving the estimated differen-

tial due to flood risk unchanged. Examples of this type of speculation are

18/ G.F. White, Human Adjustment to Floods, op. cit. pp. 196-199.
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purchases made as a hedge against inflation, a week-end retreat, or for re-
tirement purposes. Other types of speculation which fall differentially omn
sections of land within a given area will distort the estimated differential.
A strong example of this type is u}ban speculation in an area. The value of
land closer to the city will naturally be high and an increased differential
between flood prone and flood free locations may develop. In the empirical
applications reported in this volume the general problem of "differential
speculation" has been avoided by including only areas which are basically free

from urban or industrial land speculation.

Valuing Noncomparable Lands

The argument for estimating flood damages or expected benefits assumes
that flood-free land can be found that is comparable in all respects with
flood plain lands except for the flooding hazard or that corrections can be
made for the noncomparable elements. With true comparability, any difference
in the associated land prices must reflect the market's evaluation of the
flood hazard. In this sense, "comparability" implies price comparability,
i.e., a flood plain and flood-free tract of land are comparable if they would
command the same price in the absence of flood risk. However, the expected
price of flood plain land afte? protection is one of the unknowns in the
land-value model. Therefore, the comparisons will generally have to be in
terms of land with physical comparability under the assumption that physical
comparability is a sufficient condition for value comparability.

Determining that two tracts of land are comparable (except for flooding

hazards) will usually involve an element of uncertainty but it is at least
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theoretically possible to make whatever adjustments are needed to insure valid
comparisons by determining the effect of the noncomparable element on the
annual returns to land and capitalizing the derived value. However, if a
number‘of adjustments must be made in this manner, the process can become

very complicated or yield unreliable results because of the number of assump-
tions required. A particular problem associated with this approach (or related
approache; pased on enterprise or whole-farm budgeting) is the scarcity of
specific data about flood plain yields, production practices, or costs.,
Virtually no agricultural data are systematically collected below the county

level, and none is specific to flood plains.

Future Growth

In addition to estimating expected current benefits from flood protection
stemming from direct damage reduction plus enhancement, the Corps Af Engineers
projects the prospective ''mormal" state of development without the project
in order to provide a basis for modifying the basic current average annual
damages to determine "prospective average annual damages over the life of the

19/

project.” This provides an estimate of future growth that is expected to
occur even in the absence of the project. (This is in addition to enhancement
benefits which are realized only with the project.) In the Wabash Basin
Interim Reports, future growth is estimated over a 100-year period.

The land market is also forward looking in the sense that current land

values are theoretically equal to the present discounted value of the expected

19/ EM 1120-2-101, op. cit. Also see the reference to this publication
in the preceding section.
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future returns from the land. The question arises, then, of the relationship
of land values to the Corps' future growth concept.

The fact that the current value of land is equal to the present value of
expected future income streams is expressed by the capitalization formula
V=R/i, where R= the annual return to land and i= the capitalization rate.gg/
This formula assumes capitalization into perpetuity. An alternative formula
would be of the form: V=R (1+i)D where n= a finite number of years. However,
beyond approximately 20-30 years both formulas give nearly the same values
and the perpetual formula is usually preferred for simplicity. If the returns
to land are expected to increase over time, the formula can be modified to
accommodate changes in R over time. Theoretically then, the land market is
comparable to the €orps' concept with respect to anticipated growth, if
market interest rates coincide with the social interest rate implied by Corps
discount factors.

In practice, the land market is probably not as far forward looking as
these formulas imply. As Barlowe points out, estimates of future net returns
are usually weighted quite heavily by knowledge of the returns received in
the present and recent past.gl/ The extensive research into the formulation
of expected price relationships by farmers reveal a similar tendency to base
future expectations on current relationships.ng For these reasons we

would expect land values to be heavily weighted by current and expected

20/ Barlowe, op. cit.

21/ 1bid, |

gg/ See, for example: Earl O. Heady, Economics of Agricultural Production
and Resource Use (Englewood Cliffs, N,J.: Prentice Hall, Inc., 1961).
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near-term returns with adjustments for expectations of continuing trends
such as rates of technological development. For these reasons, land values
may be good indicators of expected developments over the near-term future
(say, 10 to 20 years). However, if the Corps' estimate is heavily weighted
by projections of large increases in the very far-distant future ( 50 to
100 years), some adjustment in the land value estimate will be required

n
for comparability with the Corps'’ estimate.=§/

D. Summary

. With currently used procedures, the Corps of Engineers essentially
adopts the viewpoint of a private individual in estimating the benefits to
be expected from providing flood protection to agricultural land. The pri-
mary agricultural benefits are estimated in terms of changes in net income
accruing to the individuals directly affected by the protective works.gi/ In
this chapter, we argued that these benefits are received by landowners on the
flood plain through changes in the net income accruing to their land. The
Corps estimates the increase in net income by summing the components of the

income change stemming from the alleviation of direct damages and the en-

hancement benefits made possible or more feasible by virtue of the project.

22/ An important question should be raised, however, about the potential
errors embodied in projections this far into the future. In the empirical
portion of this study, Corps estimates of current agricultural benefits are
used for comparison purposes.

24/ Of course individuals receive other benefits as from the reduction
of personal hazards from flooding, and society receives additional benefits
from, for example, reduction in relief costs.




However, the land-value approach provides a theoretical means of estimating

the same income changes directly from relative land values and therefore is

conceptually equivalent to conventional estimating procedures.

The purpose of this research project has been to determine if the theoreti-
cal relationships provide a basis for an operational benefit-estimation model
based on land-value relationships. The review of literature indicates that
the most important questions regarding the model center around the accuracy
of the land markets' evaluation of flooding hazards. An important considera=-
tion here is the possibility that land buyers and sellers fail to accurately
perceive the flood hazard. This may lead to overpriced flood plain lands in
absence of recent or frequent flooding but may also result in temporarily
depressed flood plain values after severe flooding. 1t seems likely that the
market value is least likely to reflect the expected losses from flooding in
areas where the flood rigk is slight or from catastrophic floods. In the
latter case, however, flood frequency data as used in conventional techniques
may also be subject to question because of the lack of observations needed to
establish the upper end of the frequency distribution.

Another major consideration is the problem of adjusting land values to
a comparable price basis. This may create no serious problems in a wide
range of cases where the lands are physically similar or where the noncomparable
elements can be easily valued. However, if the physical differences are ex-

treme it may be impractical to make the adjustments, or the adjustments may

 require so much data and be subject to so many uncertainties to render the

land-value approach unusable. This also must be decided on a case-by-case
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basis but an accumulation of experience with the model should provide guides
for determining the types of areas in which comparability problems are likely
to be significant.

There may be other inherent difficulties in assembling land-value data
or in dealing with value-influencing components not directly related to land
productivity. Some of these problems are evaluated in the following sections
of this report. The Wabash Basin and the selected Missouri River Reach
cannot, of course, represent all conditions that may be encountered but to
the extent that the conditions found in these areas are typical of other

areas the finding should have general relevance with respect to these questionms.
31, The Applied Framework

A. Previous Studies

Although numerous references to a land value check based on theoretical
considerations can be found in the literature, there have been only a few
reported applications of land value principles. Four of these applications
are briefly reviewed below, with emphasis on the methods used and the agreement

of the results.

Verdigris River, Kansas

One of the earliest reported applications of the principles of a land
value check was made by Fred Clarembach in his contribution to the Task Force

25
Report on Water and Power.'-j His approach did not involve actual field

25/ Clarenbach, Task Force Report, op. cit.
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determination of either land values or actual flood risk., For six COE and
SCS projects examined, Clarenbach found that the discrepancies in the damage
estimates and prevailing land prices were so large that it was easily established
that the agency estimates could not be supported by economic logic. By apply-
ing capitalization principles to the agency estimates Clarenbach showed that
if the estimates were correct either flooding land, which was then selling
for $94 an acre, should have almost no market value or conversely, if the
$94 reflected a fair price for the land with current flooding, it should
sell for over $280 an acre with protection and that this was very unlikely to
occur.zél

The principles used by Clarembach are valid applications of rent theory
and could be used routinely in all project investigations since it requires
only a minimum of information about the level of land prices in a given area
and is useful in detecting gross errors in logic or data. The techniques may
be useful in establishing certain limits for expected benefits but, generally,
the procedures may not be particularly useful for detecting errors of smaller

magnitudes.

26/ Renshaw used a procedure similar to Clarembach's in examining the
U.S. Department of Agriculture's (SCS) procedures for PL 566 watershed pro-
jects. 1In the SNY watershed in eastern Illinois he found that capitalized
benefit estimates ranged from a fraction of a percent of average Census land
and building values to 2370.8 percent and averaged 92.2 percent for the en-
tire watershed. Edward F. Renshaw, Toward Responsible Govermment: An
Economic Appraisal of Federal Investment in Water Resource Programs, Chicago:
Idyia Press, 1957, pp. 73-75.
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Grand River Reach, Missouri

Another review at about the same time took the land value approach fur-
ther than Clarenbach did in that actual land price differentials were used to
estimate experienced flood damages. This study was made in the Grand River
Reach of the Missouri River by an "Advisory Board" formed at the request of
the Kansas City District COE office.gzl The Corps had estimated annual crop
and pasture damage in the reach to be $25.50 per acre after allowing for the
effect of existing protective works. The Board estimated average annual agri-
cultural damages of between $5 and $8 per acre. The Board used several
approaches to derive this estimate; two of which involved the use of land
value data. First, an analysis of land prices covering a period of 10 years
indicated a price difference of about $140 per acre between average land in
the Grand River Reach and flood-free land of comparable quality. At average
capitalization rate in the area (considered to be 5 percent) this differential
indicated that average annual net returns on flood-free land were from $6 to
$8 per acre higher than on floodable land in the reach. Interviews with 70
flood plain farmers in the reach indicated that, on the basis of average
conditions, flood protection would be worth about $110 per acre, indicating
an annual net return of about $5.50.

Further collaborating evidence for these estimates was found by carefully
reviewing the assumptions and data used by the COE in their conventional
hydrographic analysis. Serious biases in the choice of assumptions or data

were found at nearly every stage of the Corps' analysis and the Board concluded

27/ "Report of Advisory Board on Agricultural Flood Damages to Army
Corps of Engineers," April 27, 1956, Mimeographed.
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that: ™After groping at great length with the many complex and related
problems of agricultural science, economics, and hydrology involved in damage
appraisal, the utility of land price analysis seems even more apparent and
the need even more urgent."gg/

The land value analysis was based on a total of 48 sales, 19 of which
were protected by Federal levees. The land sold was considered comparable
except for the presence or absence of levee protection; adjustments in sale
prices for time of sale were made by a land price index series for the State
éf Missouri; and the analysis was essentially restricted to comparison of
average prices per acre with some effort to estimate reasonable ranges of
error in the price data.

The Board recognized several potential shortcomings of the land value
approach., They pointed out that the technique may be inappropriate for areas
of infrequent flooding, that obtaining an adequate number of sale observations
may be a problem, and that locating '"comparable" land data may be difficult.
Therefore, they urged that a need for flexibility in application of land
price data be recognized and recommended that a land classification system
be developed to facilitate separate analyses of areas differing materially
in physical characteristics, land use and flood hazards. However, the Board
strongly recommended that a land sales analysis of some type be used as a
check upon the accuracy of all flood damage computations on agricultural

land.

28/ 1bid. Supplement IV, p. 1.
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Ray, Clay and Platte Counties, Missouri

A recent study of two areas along the Missouri River slated to receive
levee protection employed professional land appraisal techniques.gg/ The
study was made by the Real Estate Research Corporation (RER) for the Kansas
City COE District. The purpose of the appraisal was to evaluate approximately
41,000 acres of Missouri River Bottom land situated in two proposed levee
districts. The appraisal was to include the market value of the farm areas
considering appropriate highest and best use and assuming (a) the absence
of any levee protection, (b) the present state of protection, and (c) protec-
tion by the proposed levees.

The RER was not asked to evaluate the land market's response to flooding
hazards and the Corps' estimate was not reported. However, in the first levee
district investigated (the results were similar for both districts) the RER
found a difference of $73 an acre between unflooded cropland and flooding
cropland (which included some cropland behind private levees). The RER also
estimated the composite risk of loss to be $2.39 per acre behind the private
levees and $7.89 in the absence of all protection. These correspond to
capitalized values (at an estimated capitalization rate of 5.8 percent) of
$41 and $136 per acre, respectively. This cannot be compared to the average
discount for the entire sample of $73 per acre without knowing the proportion

of land protected by private levees (this was not reported in the study) but,

22/ Real Estate Research Corporation, Appraisal Analysis on Agricultural
Levees 345-330-1, and 408-L Ray, Clay, and Platte Counties, Missouri, prepared
for U.S. Army Engineer District - Kansas City; Corps of Engineers, Kansas
City, Missouri, July 1967 (Mimeographed).
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if half the land were privately protected the estimated discount would be

$88 ((136 + 41) = 2) which is close to the actual market difference of $73.
Methodologically, the procedures used by the appraisal firm were similar

to those used in the Advisory B;ard report discussed earlier in that relatively

simple time adjustments and average values per acre were used. The presence

of two noncomparable elements (soil type and flood risk) complicate an analysis

based solely on average values per acre but this problem was handled by working

with aggregate data to derive final estimates. The limitation to this approach

is the possible lack of class observations if a number of noncomparable

elements are present. Although sample data for farm sales were used, no

30/
attempts were made to evaluate the possible range of errors in the data.”

Washita River Basin, Oklahoma

31
A recent study of six upstream watersheds in Oklahoma‘-/ represents the

most rigorous technical application of a land value report found in the
literature. In the Oklahoma study three of the six watersheds had been devel-
oped for flood protection by the Soil Conservation Service for three or more
years prior to the study; these were paired with three unprotected watersheds

that were similar in general location and type of agriculture.

30/ The price data presented in the report enabled a test of differences
to be made for the estimates of $536 and $609 per acre values under present
and potential protection levels, respectively. The difference was not quite
significant at the 0.05 level using a one-tailed t test and assuming equal
variances.

31/ John E. Waldrop and Daniel D. Badger, Effects of Upstream Watershed
Development on Prices and Values of Farmland in the Upper Quachita River Basin,
Processed Series P-529 (Stillwater: Oklahoma State University Experiment
Station, March, 1968.)
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A two-stage analysis was performed. First, a regression analysis was
used to obtain empirical estimates of the effects.of watershed development
on land prices in the protected watersheds. Sales data were obtained by
searching courthouse records for'bona fide sales of tracts of agricultural
land containing some flood plains in the watersheds., Sales data from 1947
through 1962 were collected. There were 95 sales in the three protected
watersheds and 89 sales in the unprotected watersheds., Independent variables
in the regression analyses included acres of flood plain land, acres of upland
cropland, assessed value of farm improvements, mineral rights transferred and
appropriate variables for time of sale and location. A significant increase
in land values attributable to flood protection was found in two of the water-
sheds. No increase in land values was found for the third watershed, but in
this watershed there was reason to believe that the capitalization occurred
prior to the study as a result of earlier watershed development activities.

THe second stage of the analysis involved the use of a linear programming
model to estimate directly the changes in the productivity value of farm
real estate due to watershed development. The major implication of this pro-
gramming analysis was that by far the major portion of direct agricultural
benefits resulting from flood protection accrued to the land protected from
flooding.

The SCS estimates were also available. The increase in land values indi-
cated by the regression analysis were compared to the productivity values of
protection derived from the linear program and the SCS direct estimates (both

capitalized at five percent). The resulting estimated increase in value per
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acre attributable to' protection were:ézj

Watershed Regression Programming Es timates
Barnitz Creek $121.28 $319.00 $447.40
Calvery Creek 0.00 275.80 338.60
Saddle Mountain 50.76 - 102,80 97.80

Both the regression and the programming analysis indicate that a part
of the direct agricultural benefits of flood protection are imputed as re-
turns to land. However, from the larger viewpoint of the relative accuracy
of the land value approach, these results are inconclusive., In the two water-
sheds yielding positive results, the SCS estimates indicate (at a five-percent
rate) two or threefold greater benefits compared to the land value data.
The difficulty is that the analysis provides no basis for deciding which are
the correct (or more nearly correct) estimates. The programming results
more nearly agree with the SCS estimates, but this may only reflect the fact
that "without protection" yields in the model were derived from SCS crop
damage factors. Unfortunately, Waldrop and Badger did not attempt to recon-

cile these figures beyond noting some possible sources of the discrepancies.

Conclusions from Previous Studies

The Clarenbach study did not deal with relative land values per se but
it is a good example of how the principles of value determination may be
applied in discovering gross inconsistencies in the benefit-estimation

process. The procedures are very simple and could easily be incorporated

32/ Waldrop and Badger, p. 35.
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into project evaluation methodology. The other three studies establish

that the land market in the areas investigated does recognize and discount for
the flood risk. The Advisory Board report indicates close agreement between
the land market and the Boards' estimate based on revisions of COE techniques.
It is interesting that the Board estimated the flooding damages in terms of

a range of values ($5 to $8 an acre) which is probably a fairer representation
of the errors and uncertainties that may be involved in both land values and
conventional p?ocedures. The RER report did not present en?ugh information

to determine the agreement between land values and the estimated flood risk
but if the assumption that about half the land is protected by private levees
is correct the agreement would appear to be strong. The Waldrop-Badger

study illustrates a dilemna that may be encountered in attempting to reconcile
estimates of flood benefits derived from different sources. The discrepancy
between the land values estimate and the SCS estimate is large and the data
presented in the report do not provide a means of determining which estimate

is most nearly correct.

B. The Approach

The Advisory Board and RER used relatively simple research m;thods in
their studies. Both worked with average land values on the assumption that
the flooding and nonflooding areas‘of study were comparable and the only
major adjustment in the sales data was a "time" adjustment to account for
general changes in land values that occurred over the study period. These
methods may be entirely adequate in a number of cases but for these studies

it was considered important to evaluate as many of the factors that might
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affect land values in a local market area as possible. The logic of this
approach is that a land buyer must evaluate a number of other factors in
addition to flood risk in determining the price he will pay for land. It

is therefore important to know how these factors affect land values to insure
that the flood plain and upland comparisons are between sales that have been
adjusted as fully as possible for differences not related to flood risk.

The general methodological approach adopted in both of the empirical
applications presented in this report was to use a multiple linear re-
gression model to control for as many factors as possible which enter into
determining the value of the land or the farm as a productive unit. Use
of the regression technique in general can be expected to yield results
which are more precise and in some ways more general than the less sophisti-
cated methods employed in earlier land-value research. The increase in
quantitative precision is, however, contingent upon the quality of the data
and the results more sensitive to its quality than on those of these other
methods. Additionally, the utility of this approach is limited by requiring
an adequate sample size and by high levels of linear association among the
independent variables. Finally, the strongest argument for using this
technique is that it permits the comparison of farms which are not strictly
comparable in all factors other than flood risk due to the use of a
sufficient sample and the weighting of each of the non-flood factors to
reflect their importance in the explanation of land values.

It will be useful in terms of facilitating the discussion of the remainder

of this report to set out the regression model formally.
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A general statement follows

y=a+b1x1+b2x2+ooo+bnxn+E

where y is a (t X 1) vector of observations on the dependent
variable or the variable being explained;

a is a constant or the intercept term;

X is a (t X 1) vector of observations on an independent
variable or a variable which is explaining the observed
level of the dependent variable y:

b is the coefficient of X which in the estimated model shows
the average marginal effect of a change in X on the
level of y; it is in about the average dy/dX of all t
observations;

E is a vector of error terms containing a random element as well
as those variables not explicitly included as independent
variables.

In this analysis of this report y is either the total price or value per
acre of a farm or the price or value of the farm net of improvements per
acre. The price or value of the farm is a function of a number of factors
including absolute size of tract, acres in cropland, acres in pasture and
woodland, the quality of the soil, the number and quality of farm buildings
and other improvements, other physical characteristics, and in the case

of sales data the type of instrument used and whether the purchase was

for expansionary purposes. To this basic model ome or more terms reflecting
the risk of flooding to the individual farm are added. It should be noted
that the estimated coefficient of a flood risk term will indicate the effect
of a unit change in flood risk on the value per acre of the farm after taking
into account the influence of all of the other independent variables included
in the regression. The exact form of the regression model will depend upon
the variables available for inclusion, the inter-relationships among them,

and the statistical significance of the association between the independent

variables and the dependent variaz%f.




Chapter III
The Wabash Application

A. Introduction

As mentioned in the first chapter of this monograph, the distinguish-

ing characteristic of the implementation of the land-value approach to
the Wabash River Basin by the Economic Research Service is the use of
actual price data to measure the market value of farms. This chapter
will describe the study areas, the data, and the approach employed by
ERS and certain modifications which have been adopted for this report.
A general description of the topography and farming operations
in the Wabash River Basin is presented in Appendix B; The selection
of study areas within the basin were based on the criteria: (a) To
represent as wide a range of topographic and flooding conditions as
possible; (b) to choose areas that were reasonably favorable to the
land value approach given the first criterion; and (c) within each area

chosen to include a sufficient number of counties to insure that an

adequate number of farm sales would be obtained. Based on these criteria

and on consultations with Louisville Corps personnel and other knowledge-

able persons, the following study areas were delineated:
(1) Lower Wabash Area - Knox and Sullivan Counties.
(2) Upper Wabash Area - Carrol, Cass, Miami, and Wabash Counties.

(3) White River Area -~ Bartholomew and Jackson Counties.
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In the next several paragraphs some specific comments on each of the study
areas are presented. Summary-information on the three areas is presented

in Tables 1 and 2.

The Lower Wabash Area

Knox and Sullivan Counties were chosen because they include the reaches
of the th;:h and White Rivers with the largest rural flood plains in the
basin. The unprotected flood pléins of the two counties are subject to
considerable flood risk; although not to the degree of the counties in
the extreme ead of the‘basin where backwater flooding from the Ohio
is also a problem. It was believed that Knox County, especially,
would yield a high number of flood plain observations becauge it is
bounded on three sides by the Wabash, the White, and the West Fork of
the White., Sullivan County has a long frontage on the Wabash.

The second factor in the choice of these two coun;ies was that both
contain extensive levee systems. The combination of terrain and levee
systems thus provided three types of land--unprotected flood plains,
protected flood plains, and uplands--for which sale data could be ob-
tained. Nearly all the levees on the Wabash are part of COE-built systems
(Brevoort, Niblack, and Gill Township). Two levee systems are authorized
for the White River within Knox County but the existing levees were priv-
ately built, Parts of these levees have been repaired and upgra&ed by
the COE but the system is not as complete as the Wabash levee systems.

The Upper Wabash Area

A tier of counties from Carroll to Wabash along the upper reaches

of the Wabash River were chosen to represent an area that has undergone
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FARMS AND FARM CHARACTERISTICS OF SAMPLE AREAS, WABASH LAND

TABLE 1

VALUE STUDY, 1956 AND 1964

~

L Upper Lower ° White
Ttem tUnit s State : yopegh ' Webash © subarea
A1 farms, 1964 * No. 108,082 5,163 2,355 2,388
A1 farms, 1956 * do. 128,160 6,195 3,019 2,635
Change, 1956-64 : Pct. -15.6 "16.6 -22.0 -900
Proportion of land 'in farms-' do. 7.4 89.0 80.4 69.8
Average size, 1964-=====eeee . Acre  165.9 175.7 212.6, 172.7
Average size, 1959=~=c—cecwua . do. 145.2 151.0 174.3 150.0
Value of land and buildings:f .
Per farm, 1964 . Dol. 51,645 61,854 58,051 48,142
Per acre, 1964~=-----aueuu . do, 309.84 349.99 270,49 287,24
Per acre, 1956 . do. 265,00 316,77 217.90 228,60
Change, 1956~6/f-~=~=e==x . Yet, +16.9 +10.5 +24,1 +25.6
Value of product sold per :
farm . Dol. 10,227 13,390 13,228 9,359
Commercial farms, 1964: :
Proportion of all farms---, Pct, 69.6 80.5 76.0 63.8
Average size . Acre  212,8 207,.6 266.9 278.9
Average value per acre----, Dol, 312,55 349.08 266,1 283.34
Source: U,S. Bureau of the Census. Census of Agriculture, 1964, "Statis-

tics for the State

and Counties, Indiana," Vol, I,

Print, Off., Wash., D.C.

1967.
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TABLE 2
STUDY AREAS, REACHES, AND FLOOD PLAIN ACRES, WABASH LAND VALUE STUDY

f f Flood plain per
Reach :Rural flood plains: stream mile

Study area and- stream

Acres Acres
Upper Wabash: '
Wabash ' ¢ W-8% 6,000 o 561
do. y ¢ W9 19,400 462
do. ¢ W-10 11,500 590
do. : W-1l#* 3,400 . 199
Lower Wabash: :
Wabash ¢ W-2w 114,000 2,092
do. : W-3 99’700 3,357
do. ¢ Wale 154,000 1,700
White ‘. WH-1 24,200 469
do. { Wh-l 120,000 1,367
White subarea: :
E. F. White ¢ EW-3% 15,600 382
do. ! EW=4 71,600 1,311
do. ¢ EW=5 3,400 596
Clifty Creek i CC-1 3,400 185
Driftwood : DR-l 8,600 573
Flatrock : FR-1 9,400 379

% Only part of reach included in the sample ares.

Source: gsziled from various project justification reports, Wabash River
sin,
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a significant recent change in flood risk. 1/ One purpose of choosing this
area was to determine if land values on the flood plain have responded

to this change, as an indication of the r esponsiveness of land values to
varying flood risk. 2/ These counties, which include parts of reaches
W-8, W-9, W-10 and W-11, may also be representative of a number of other
reaches of the Wabash and its tributaries with moderately narrow flooad
plains (around 500 acres per-stream mile) with respect to the problems
likely to be encountered in working with land values on flood plains of
this size. Because the flood plains are relatively narrow, four counties
were selected to increase the number of observations of farm sales on the
flood plains. Only sales of land in townships bordering the river were

taken.

The White Sub-area

Bartholomew and Jackson Counties were chosen for the third study
area because, being much less homogenous, the area provides a wide con-
trast in topography, type of farming, and nature of flood risk--both
within the area and in contrast to the other study areas. The "average'
flood plain size is intermediate to the flood plains in the upper and
lower Wabash areas but this average is made up of one reach with 1,311
acres per stream mile and other reaches with very narrow flood plains

on the tributaries of the East Fork of the White (see Table 2). Most

1/ Construction of the Mississinewa, Salamonie, and Huntington
Reservoirs is expected to essentially eliminate flooding down river
to Logansport.

2/ This objective is developed further in the analysis sections of
this study.
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of Bartholomew County and the flood plains of Jackson County are in a

corn-wheat-hog farming area with the remainder in a general farming

area. The two counties are within the area expected to receive pro-
tection from one reservoir proposed in the ?econd Interim Report, and
two reservoirs proposed in the Third Interim Report.

Because of the lack of homogeniety and the general narrowness of-
the flood plains, it was not possible to establish a significant dif-
ferential between upland and flood plain locations in the statistical
analysis of the data. This is, of course, a very useful finding in
itself; however, since the work on this study area has been set out in
detail in the ERS report we will concentrate our analysis and discussion

on the other two areas which possess more favorable characteristics.

B. The Methodology and the Data
The general methodological approach used in both applications was
a multiple linear regression model as discussed above. The particular
procedure adopted in the ERS report can be informally summarized in the
following steps:
(1) Estimation of the regression model for upland farms only.
(2) Substitution of the values of the independent variables
of farms located on the flood plain only into the model
estimated in (1) in order to obtain an estimated value
of the value of the farm,
(3) The difference between the estimated farm value for those
with flood plain locations are subtracted from the observed

value (i.e. the sale price).
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(4) The difference from (3) is used as the dependent variable
in a regression on various measures of flood risk.

For theoretical and empirical reasons set out in d;taii in Appendix A,
it is clear that the ERS estimate of the effect of flood risk on the
value of farms in the flood plain ;re subject to specification error
and are therefore biased. For this reason a regression model which is
estimated using both the flood plain and upland observations has been
utilized for these study areas, and it is these results which are
reported and discussed in the remainder of this chapter.

The sources of the data used in the analysis of the Wabash Basin
are reviewed in Appendix C. Broad descriptions of the variables
employed are presented below; the exact form is indicated in each of
the applications. The iist of variables includes some possible
determinants of farm value which were not found to be statistically

significant; these are included for the sake of completeness.

Sale Price

Sale price, the dependent variable, is the total sale price of the
tract including farm buildings and associated structures. If the price
was stated in the deed or contract this price was used. Otherwise, sale
price was computed from the Federal Revenue Tax stamps on the deed. 3/
Since the tax is imposed at the rate of 55 cents per 500 dollars of sale
price, the price represented by the last 55 cents was estimated by com-

paring the stated sale price with the price computed from the tax stamps

3/ Effective January 1, 1968, this tax was repealed. However, most
States have imposed similar taxes to capture this revenue.
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for those deeds containing both. The average value of the last 55
cents for these sales was $397. This was rounded to $400 and used to
adjust the calculated price of the remaining sales.

The Federal tax is not imposed upon that portion of sale price
accounted for by the assumption of an existing mortgage. To qualify
for this exemption the fact that a mortgage was assumed must be stated in
the deed. When a mortgage assumption was found the enumerators were
instructed to determine the amount of the unpaid balance from the
mortgage file of the county office.

A description of the ériteria employed to determine which sales
constituted bona fide or "arm's length" sales is provided within Appendix
C. After final editing there were a total of 406 usable sales of which 60
contained some flood plain land for the Upper Wabash area over the périod
1952-1966. For the Lower Wabash 334 usable sales were found over the

period 1962-1967 of which 74 contained flood plain lands.

Date of Sale

The date the sale occurred was recorded and used as a time or trend

variable in the regression equations.

Total Acres Sold

The total acres sold was usually stated in the deed but could be
estimated from the legal description. Checks on total acres in farm

were available from plat maps and assessment records.
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Acres‘of Cropland by Grade

The best sou?ce of data on cropland on the tract was found to be the
farm appraisal worksheets used by the country or township assessors.
In Indiana, farmland is appraised for tax purposes by determining the
categories of land use on the farm, assigning a letter grade from A to E to
the land by use category, and then assigning a standard price by grade and
category. Several of the county and township assessors were interviewed
during the data collection stage. They indicated that they are required
to evaluate as many factors -- topography, drainage, location, and soil
characteristics--as possible in assigning grade categories. In particular,
tﬂey evaluated land according to its use-potential rather than its actual
use., Thus, pasture capable of being cropped was appraised as cropland
_and the pasture category was reserved for land with limitations preventing
higher use.

It is impossible to determine precisely all the factors evaluated
by the individual assessors or judge the accuracy of their work either
relatively or ;gainst some objective standard. However, a strong judg-
ment can be offered in support of the appraisal work from the fact that
the price relationships between grades as determined by the regression
analysis were consistent in all counties except Jackson in the White
River subarea. In Jackson, part of the difficulties appeared attrib-

utable to the wide heterogeneity of land quality in that county.

Acres of Pasture and Acres of Woodland

These acreages were also determined from appraisal worksheets. The

grade for these land use categories were not significant in any regression
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and only total pasture or wood acreage was included. The appraisers
rarely assigned a grade of C or better and tracts with these higher grades
were usually found to have residential or commercial site potential and

eliminated from the sample.

Acres of Other Land

On tracts sold for agricultural purposes, acreages in this category
was typically small and included land in ditches, roads, farmsteads and

waste.

Type of Instrument

Sales were coded according to whether the sale was by general warranty
deed, special or commissioner's warranty deed, or by land contract. In-
formation from land contracts was taken if the contract was recordea
but it could not be determined if the practice of recording contracts wés not

universal.

Expansion

A tract was presumed to be purchased for farm expansion purposes if the
grantee owned other land nearby, as determined from plot maps and assessment

records.

Percent of Mineral and Oil Rights Sold

The percent of mineral and oil rights transferred to the grantee
was determined and coded separately. Knox and Sullivan Counties were the
only counties in which an appreciable number of transactions involved
transfers of less than 100 percent of mineral and oil righﬁs. Most of

the mineral (primarily coal) rights were alienated from surface rights
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around the Eurn of the century when underground coal mining first began.
Since present production is based on strip mining in limited areas of the
counties, the absence of mineral rights to the land should not be expected
to appreciably affect sale price and this variable was not found significant
in any regressions.

There are several producing oil pools in the two counties but most
transfers of agricultural land included all oil and gas rights. 1In
most cases where oil rights were retained by the grantor the rights were

to revenue from producing wells. No significant difference in sale

price attributable to the oil rights was found.

3

Value of Farm Improvements

The appraised value of the farm residénce and of other farm buildings '
was taken from farm appraisal worksheets in county offices. The appraiéais
were made in 1961 but the sheets are updated for any material changes in
the buildings between appraisals. Only values for the buildings on the
farm at the time the sale occurred were recorded. The appraisal sheets
contained considerable information about the farm dwelling (type of con-
struction, number of rooms, etc.) and listed all farm buildings by '
type. The appraiser also judged the relativel quality of each building
(intermediate, low average, poor, etc.). The following was recorded on
the data collection schedule: appraised value of the house, a letter
equivalent of the house grade, total value of all other farm buildings

existing at the time of sale, and a brief description of the types

of buildings, 4/

4/ The enumerators were instructed to describe in detail any buildings on

a tract that were not normally associated with farming as a check in the
editing process.
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The average appraised value of the farm buildings was relatively low
but the prices are consistent with the general quality of the buildings,
both as indicated by the appraisers' grading and descriptions and from visual
observation of farmsteads in the study area. The farm dwellings, for
the most part, are old and outbuildings are minimal. However, one would expect
some tendency for the appraisals to understate actual building value kat
least in the Lower Wabash and White study areas) because of the time
difference between appraisal date and sale date. A number of investigations
were made of the relationship between sale price of farm and appraised value of
improvements in the initial runs. The working hypothesis was that one dollar
of appraised value of buildings added a dollar to sale price of the farm; i.e.,
that the regression coefficient (beta) for the Value of Improvement
variable was equal to $1.00, The betas for Upper Wabash, Bartholomew
and Jackson sales generally were not significantly different from $1.00.
Betas for Sullivan County ranged between $2.00 and $2.40, indicating
either that buildings in this county were under-appraised or that buyers
valued the buildings more highly than in the other counties. The beta
values for Knox was about $1.00 for farms purchased by grantees not
owning other land in the vicinity but only $0.53 for farms presumably

purchased for expansion purposes.

House Grade

House Grade was also included as an independent variable for some re-
gression runs. House Grade was generally positively related to sale
value but the relationships were not strong enough to warrant inclusion

of this variable in the final equations.
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Type of Road

The sales were coded according to whether they were located on
primary, improved (secondary), or unimproved roads as a possible
measure of some locational and access values. However, all the
counties had good road systems with very few unimproved roads remain-
ing, and location on primary or arterial roads did not appear to offer
sufficient advantages over secondary roads to be reflected in price.
Consequently this variable was deleted early in the investigation. A
variable for distance from town was considered but not developed because
the spatial distribution of the towns and villages in all counties was
good and no area could be considered insolated from the major trading

centérs.,

Topography

.A general classification of topography (river bottom or level, rolling,
or hilly) was taken from the appraisal sheets and checked against topo-
graphical maps. However, the effects of topography are also reflected
in land use and land grade categories and this variable was not significant
in éhe analyses. Some appraisers made notations on the appraisal sheets about
farm drainage condition ('‘wet," '"tiled," etc.). It appears that the nota-
tions were made in order to justify quality grades assigned to the land
and therefore a separate variable for drainage was not developed. Other
than notations on the worksheets, there were no data available on drainage

installations.
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Township

A variable for township was included, primarily as an alternative (to
type of road and distance from town) measure of location. Only in Knox
and Sullivan were any township variables found to be significant and

ex post explanations are generally available for the differences in each

case.

Land Capability Units Soil Groups

Soil maps of varying currency were available for Miami (published in
1927), Cass (1939), Carroll (1940), Knox (1934) and Bartholomew (1936)
Counties. It was not feasible to develop variables for individual soil
types on each farm because of the large number of soils found on a typical
farm. Instead, the soils were grouped in land resource area/land capability
units (LRA/LCU) which represent soils with similar management requirements
and productive characteristics. However, the LRA/LCU system requires fairly
recent soil maps based on current soil definitions and the maps for Knox
and Bartholomew Counties were inadequate for relating the soils to LCU
groups. In the remaining three counties, the predominant LCU on each tract
of land sold was determined by using a calibrated overlay on the soil map
and an aerial photograph to locate cropland boundaries.

There were seven LRA/LCU's suitable for cropland in the three
Upper Wabash counties, but these variables were not significant in any
regression run. The probable explanation is that with one'exception (an
LCU with an estimated corn yield of 80 bushels), the estimated corn yields
under high level management practices were within 14 bushels (103 to 117
bushels per acre) over the LRA/LCU's. This indicates that the cropland

soils of the Upper Wabash are quite homogenous with respect to crop yields.
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Type of Farm

| Since LCU groupings could not be developed for Knox or Bartholomew be-
cause of the outdated soil maps, land in these counties were grouped into
"type of farm'" categories based primarily on soil characteristics.
Generalized soil maps were used for Sullivan and Jackson Counties to
develop similar categories. The type of farm designations were, for -
Sullivan, Knox, and Jackson: River Valley, Sand Hill, and Uplands; and for
Bartholomew: River Valley, Sand Hill, Gravel Benchlands, Upland Corn,
Wheat and Livestock, and Upland General Farming. The SandHil} area of

Knox and Sullivan counties is a pronounced region between the Wabash River
and the Uplands. The soils are especially adapted for truck cropping

and orchard production (although the number of orchards are declining and no
sales of orchard land were included in the sample). A similar area is

found in Bartholomew and Jackson but of much smaller extent.

Flood Risk

The following information was coded for each observation with land on
the flood plains: the stream designation; whether the tmact had stream
frontage; levee protection if present, coded according to whether the levee
was privately constructed, COE repaired, or COE constructed; whether any
buildings were subject to flooding and the frequency; and the acres of
open land and acres of all land located in up to five flood frequency
zones.,

Each tract sold was located on an aerial photograph and a topographic
map on which the limits of floods of selected exceedence frequencies had
been superimposed. Acreages were estimated by using calibrated overlays

to first estimate the proportion of open land and other land in each flood
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zone. These proportions were then converted to acreages on the basis

of known acreages, by land use classes, in the farm. Open land (cropland plus
pasture) was measured instead of cropland because the two classes could not
always be sufficiently distinguished in the aerial photographs.

The limits of flooding along the major rivers and streams were ob-
tained from flood charts and/or flood profiles obtained from the Louisville
COE office. Some upland farms were located in small watersheds and subject
to some flooding from these streams. The extent of flooding on these farms
was estimated from data and maps in several PL 566 project work plans.

The PL 566 information was generally sketchy and usually presented only

the limits of a synthetic 50-year flood. Information for these streams

was coded if available, but in some cases some observations were deleted
for the lack of adequate information.

Table 3 presents the flood frequency data available by streams in
the sample. Land lying outside levees on tracts receiving partial levee
protect ion was coded according to actual risk. Land inside levees was
considered subject to flooding from levee overtopping from floods with

a recurrence interval of 20 to 25 years and coded in zones 4 and 5.

’

C. Empirical Analysis of the Upper Wabash Area
The Upper Wabash study area consisted of the four contigious counties
of Wabash, Miami, Cass, and Carroll. The counties are traversed by the
Wabash River (reaches W-9 and W-10 and parts of W-8 and W-11) and by the

tributary rivers Salamonie and Mississinewa. 5/ The rural flood plains of

5/ The Eel River also flows through parts of the upper three counties
but this area was excluded from the sample because of the almost complete
lack of flood data.
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TABLE 3

FLOOD FREQUENCY ZONES BY STREAMS, WABASH LAND VALUE STUDY

Recurrence interval

Stream f - . . ;

. Zonel . Zone2  Zone3 | Zone/ . Zone5

‘. Years  Years  Years  Years  Years
Wabash % 1 2 5 25 100
White E 1 2 5 25 100
West Fork White---;----g | - 5 25 100
East Fork White---==ewe- E 1 - 5 10-25 100
Flatrock E - 1.7 7.7 - 100+
Driftwood E 0.5 - - 20 100+
Clifty Creek ;/--------E 1 - 5 10-25 100

1/ The only sales on Clifty Creek were in the backwater area of the East Fork
of the White, The recurrence intervals are for the White,

Source: From information supplied by the Louisville District, U.S. Army
' Corps of Engineers, '
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the Wabash average 462 to 500 acres per ;tream mile along reaches W-8
to W-10; narrowing to about 200 acres per mile along reach W-11. The
Huntington Dam is located on the Wabash in Huntington County w;thin
reach W-11. The Mississinewa and Salamonie dams are located on these
streams a few miles above the Wabash River. These streams have no
significant amount of flood plains below the dam sites. At the start
. of this study both the Missinnewa and Salamonie reservoirs were opera-
tional, with only detail work to be completed, and construction on
the Huntington had progressed to the point that the dam could be used
in an emergency. A change in flood protection, then, did occur over the
observation period. Because of uncertainty as to when the additional
protection was in fact reflected in land values and the sales data;
the analysis presented on the following pages has been limited to
a certain extent.

The demarcation of the HWabash River Valley is sharp and the valley
is roughly U-shaped in cross section. The valley sides are abrupt
and have largely been left timbered or in pasture. The streambanks
have also been left uncleared for bank erosion control but the remainder
of the flood plain has been cleared and is in cultivation. Because the
stream valley is narrow and abrupt, a high percentage of the flood plain
was inundated by relatively high frequency floods before the reservoirs
were installed. About 30 percent of the flood plain would be inundated
by a flood with a two-year recurrence interval, 55 percent for the
5-year, and 72 percent by the 10-year flood. By contrast, only 6.4
percent more land would be inundated by a 100-year flood than would be

inundated by the 25-year flood.
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Because of the narrowness of the flood plains, the majority of the
farms in the area 'overlap" or are only partly embraced by the flood
plains. The farmsteads are generally located on the upland portion
of the farm or on the fringe of the flood plain. The fact that the
data on soil types described in the previous section was available on
a whole farm basis instead of being disaggregated between upland and -
flood plain acreage within the same farm is a substantial problem in
terms of measuring the effect of soil types on the sale price of the
farm.

The summary statistics for the variables employed in the regression
analysis are presented in Table 4; the estimated regression models are
reported in Tables 5, 6 and 7. Two forms of the dependent variable
have been used in the estimates: ''gross sales price/acre" and '"net
sales price/acre." The distinction between them is that the gross
figure is simply the price actually paid on a per acre basis while
the net figure is the price paid less the assessed value of improvements
(house, other buildings, and fencing) on a per acre basis. The gross
form was used in the original study.

It was felt, however, that because the value of improvments appears
as an independent variable the explanatory power of it would be derived
from the simple fact that it is a component of the total sale price.

In addition, to compare flood plain and upland total sale prices in
which the uplands contain consistently greater amounts of improvements

is very likely to bias upwards the differential in land values associated
with flood damage. It is also probable that in areas such as those being

considered here in which farms contain both flood plain and higher land
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Table 4

Upper Wabash Summafy Statistics

Warranty deed
Contract deed

fract. crop. Quality A

1" B

" E
total acres

net price/acre ($)
Expansion

Stream frontage

fract. crop. 1-10 yr
flood zone

fract. crop. 25'yr
flood zone

Av. acre flooded
small improv. (§)
Med. improv. ($)
large improv ($)
yr.-risk 2 57
yr.-risk £57 ,

gross price/acre ($)

flood plain

std.
Mean dev.
.722 454
.083  .280
.220 .311
400 351
.378 422
.002 .01l
121.5 73.57
159.8 88.9
.278 454
77 .421
341  .266
727,292
51.4 134.7

329.3 843.7.

1022.6 2293,

2771.2 4139.

. 405
.361

197.3

1.50
.487

92,2

68

uplands
std.
Mean dev.
.689 .463
.145 352
.028 .102
.168 .280
.409 .383
.300 .398
.086 .255
88.3 53.4
© 255.5 134.5
.328 .470
878.5 2192,
2496.  3696.
1939. 4051.
324.4

pooled
std.
Mean dev.
.692 .462
.139  .347
.026 .097
.173  .283
.408 .379
.307 .401
.078 .244

91.5 56.3

246.5 133.7
.323  .,468
.084 ,278
.032 .128
.074 .240

| 4.88 43.6

826.1 2107.

2356. 3611. .

2018. 4061,

.038 ,472
.634 .182

152.2 312.4 152.1



that the buildings which constitute the majority of improvements would
be located in the higher areas of the farm. For these reasons, net
sale price has been preferred, although the original form yields a
consistently higher coefficient of determination for the basic model.

Although the variables have already been described in general
terms, the particular form of some of the variables require further -
description and explanation. The "warranty deed" and "contract deed"
variables are dummy variables and should be interpreted as being
relative to a "special deed."  The "expansion" and "flood plain
location" variables are likewise dummy variables taking on the value
of one if the purchase was for expansion purposes or the farm sold was
located in the flood plain, respectively, and being zero otherwise.
All of these dummy variables are formally referred to as additive
dummy variables and the effect of one or more of them taking on the
value of unity is to shift the entire function by the amount of the
coefficient.

A dummy variable technique was also used for the value of improve-
ments variables. The value of improvements variable could not simply
be entered as the value present on each farm; to do this would have
made it impossible to distinguish between a small farm with a great

deal of improvements and a large farm with a small amount. It seems

6/ The three deeds variables are all dummy variables, but in
order to have an invertible matrix of independent variables when a
constant term is included, it is necessary that one of the variables
not be included in the regression. In this case it is the, '"special
deed." For a further description of the dummy variable technique
see J. Johnson Econometric Methods (New York: McGraw-Hill, 1963)
pp. 221-28,
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probable that the value of the improvements to a buyer of a small farm
for purposes of expansion might be considerably different from the value
of the same improvements on a slightly larger farm which could be operated
efficiently as a productive unit. For these reasons it was decided to
divide the observations into three approximately equal groups on the
basis of total acres in the farm. The size categories were: less
than 50 acres, 50 to 120 acres, and more than 120 acres. For
any farm, then, the value of one of the imprévements variables is
the actual value of the improvements, which one of the variables
depending on the size of the farm., The other two variables are zero.
The regression coefficient for these variables should be interpreted
as the relative contribution of an additional dollar's worth of im-
provements to the per acre sale price of land or land and improvements,
depending on the form of dependent variable. In this case the dummy
variables are referred to as "multiplicative" dummy variables, 7/ and
they are interpreted as affecting the slope of the function, not merely
shifting the entire function to a different intercept like the
additive dummies discussed above.

We are now in a position to discuss the estimated regression models
for upland and flood plain locations combined presented in Table 5.
The variable at the top of each column is the dependent variable, and

the variable along the side of the table are the independent variables.

7/ It is termed multiplicative because the value actually entered
into the regression estimate is one times the value of the improvements
and one times zero for the other two variables.
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The numbers appearing in parenthsis under the coefficients are 'student
t statistics." 8/ For the uplands 343 observations were employed;
37 were used for the flood plains and 308 for the combined or pooled
flood plain-upland regressions.

It was expected that farms sold by land contracts will command
a price premium over farms by general warranty deeds with conventional
financing, and the magnitude of the coefficients bear this out. Re-
calling that both the contract and warrant deed variables are inter-
preted relative to sales by special warranty, the sign of the warranty
deed variable is surprising, as is the magnitude of the coefficient.
One would expect that since special warranty sales are made under
conditions approaching public auction that they would command about
the same price as general warranty sales or slightly less. The results
may indicate that some of the general warranty sales were made at
less than full market value. In view of this possibility, the editing
procedure for all observations were reviewed but no obvious cases for

exclusion were found.

8/ The student t statistic is used to test the significance of the
magnitude of a coefficient and is expressed as (X; - a)/Si where X, is
the coefficient of the variable i, a is the number in relation to
which the coefficient is being tested, and S, is the standard error of
the variable i. Normally in regression analysis the test for X; 1is
whether it differs significantly from zero, i.e. a = 0. It can also be
be used to test if the coefficients of two variables differ significantly
from each other, i.e. a= X;. The significance of the coefficient depends
on the size of the t statistic derived from the above formula and on the
number of degrees of freedom of the regression which is equal to the
number of observations minus the number of independent variables quantity
minus one or (n - k - 1). Below appears a listing of the value of t -
statistics of more than 30 degrees of freedom and the level of significance
associated with each for a two-tail test.
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The magnitude of the coefficients of the soil quality types deserves
some comment. The coefficients for s;ils of quality A and E seem to
be respectively too small and too large compared with the other co-
efficients, Two reasons for this appear possible. The firsf is that
the classification of the very best and worst soils by the county
appraisers may not have been done on a consistent basis, that is the
line between classes A and B and D and E may have been inconsistently
defined or applied. The second possibility rests with the small
function of the soils of all the farms in tgese clases; only 2.6%
is class A and 7.8% class E with a large number of farms containing
neither., The result may be a lack of reliability of the coefficients

themselves, although both are statistically sigmificant at generally

acceptable levels of reliability. The procedure of grouping the soils

8/ cont'd.

t - statistic level of significance
2.58 .01
2,33 .02
1.96 .05
1.64 .10
1.28 .20
1.04 .30

The significance level can be informally thought of as probability of the
coefficient of the variable being tested taken on its value by accident.
Thus a coefficient with a t of 3.0 can be thought of as being non-
significant only one time in a hundred.

In the present research, it is felt that in most cases the .20 level
is still an acceptable level of significance, although proportionately
greater confidence is placed in conclusions based on more significant
results. For a more complete discussion of the student t statistic
see Chapter 11 in P. G. Hoel Introduction of Mathematical Statistics
(New York: John Wiley, 1962).




Table 5

Upper Wasbash Basic Regression Model

(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

Gross Price Net Price
Upland Pooled Upland Pooled Pooled
(1) (2) (3) (4 (5)
Constant 440.0 424.0 351.7 339.3 313.7
(5.01) (4.56) (4.03) . (4.02) (4.33)
Warranty deed -63.1 -46.9 -61.2 -45.8 -42.8
(4.11) (3.18) (4.05) (3.15) (3.14)
Fract. crop- 124,7 149.0 147.9 170.9 76.0
land Quality A (1.49) (1.76) (1.79) (2.05) (.95)
Fract. crop- 225.4 204.8 238.1 216.9 286.6
land Quality B (3.57) (3.22) (3.84) (3.46) (5.61)
Fract. crop- 95.1 89.3 107.0 101.2 134.9
land Quality C (1.57) (1.45) (1.79) (1.87) (2.75)
Fract. crop- 28.1 23.3 44.3 37.9 66.0
land Quality D (.46) (.38) (.74) (.63) (1.34)
Fract, crop- 76.7 78.8 88.9 90.6 113.0
land Quality E (1.18) (1.19) (1.39) (1.39) (.91)
Small Improv. .019 .020 -.008 -.007 -.007
(6.07) (6.40) (2.71) (2.36) (2.48)
Med. Improv. .013 .014 .002. ,001 -.0007
(6.88) (7.56) (101) (.69) (.43)
Large Im’prov. 0013 -012 . 005 .005 .005
(6.36) (6.74) (2.55) (2.82) (3.01)
Log Total -91.0 -90.4 -73.2 -74.1 -72.4
Acres (6.27) (6.74) (5.12) (5.61) (5.85)
Trend term 11.7 11.7 11.9 11.8 11.0
(9.11) (9.43) (9.41) (9.69) (9.63)
Expansion 2}.2 29.3 22.1 29.8 27.4
(1.77) (2.51) (1.88) (2.60) (2.56)
Contract deed 33.8 46.5 32.8 45.5 47.4
(1.66) (2.34) (1.64) (2.32) (2.55)
Fract. farm
in crops
Flood plain location -61.0
(3.23)
R2 .569 .552 465 .439 .511
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Wet Price
Pooled Pooled
(6) (7
266.4 280
(4.16) (3.
-45.9 =34,
(3.10) (2.
=45,
162.
(2.
31.
=26
8
(
-.003 -
(.89) (1
.003
(1.43) (
.005
(2.63) (2.
-70.9 -65.
(5.31) (5
11.4 11,
(9.35) (9.
21.6 21.
(1.87) (2.
47.0 54,
(2.36) (3.
223.7 136.
(8.35) (4
=21.7 =42,
(-1.06) (2
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intoiphree classes, AB, C, DE, was used in the ERS study and yielded
more consistent results, In cases such as this, this is probably a
preferred procedure. All five soil classes are retained in the
analysis of the Upper Wabash data to emphasize the potential problem
and to allow more detailed analysis of changes in the magnitude of
these coefficients with variation in the particular regression form.

There are several procedures available' for controlling for the
fact that the sales occurred over a fifteen-year period. One is to
consider the effect of each year separately by including a separate
dummy variable for eacﬁ year. The second is to include a single
"trend" variable which beginning at some value increases by one for
each year of the observation pefiod. Because the first procedure yses
up degrees of freedom and opens up increased problems of multi-
collinearity, it is preferred only when its use offers substantial
increases in explanatory power over a simple trend variable. Experi-
mentation with forms of the regression which included both a trend
term and the individual year term showed that after the secular upward
drift in prices had been taken into account the year dummy variables
did not contribute significantly to the explanation of sales pric;s.
This fact combined with the marginal significance of some of the
year-dummies when included separately argued for the use of the
trend variable in the analysis.

The log" of total acres is a measure of the effect of total size
of the tract on the average price per acre. The negative coefficient
indicates that as the total size increases, price per acre decrease.

Where net sales price is the dependent variable this occurs probably

in response to something like a "quantity discount." Where 8ross
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sales price is the dependent variable an additional factor is present.
Because the value of improvements is included in the total price per
acre, one would expect the value of the improvements to exert a greater
influence on average price per acre for small farms than larger farms.
There are some major differences between the regressions explaining
gross sale price and those explaining net sales price. The most striking
is in the value of improvements variables. The coefficients differ
significantly between the two forms. In addition, the sign of the
coefficient of small improvements in the net regressions is negative
and the coefficient of the improvements of farms in the middle size
group is insignificant. The reason for these results probably lay in
use of improvements on these farms as actual inputs into the productive
process. From the results one would conclude that even after taking
into account that small farms may have been bought for expansionary
purposes, improvements actually have a depressing effect on the sales
price. This could be because of the condition of the improvements in
general or because they are heavily weighted by the value of the house
which only bears indirectly on the productive capacity of the farm.
The lack of significance of the improvements on medium sized farms
suggests that the improvements are generally expected on such a farm
and that they are on average only an adequate input for production.
For large farms, on average, the improvements are shown to be a real asset
to the productive process. This may be partially because of the type
of farming carried out by these units, such as dairy-grain or livestock-

grain operations.
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Other changes also occur usiné net sales as the dependent variable.
The significance of the soil type variables is increased. Also the
size of the log-acres variables is markedly reduced, although on the
basis of the above discussion one would have expected a greater re-
duction. This would seem to indicate that the value of improvements
as an input factor is not a very important consideration in the'market.

A final note on the basic results displayed in Table 5 concerns the
fifth regression in the table. This regression is identical to the
fourth regression except for the addition of other '"flood plain
location" variable, which is a dummy variable taking on a value of one
if the farm is simply on the flood plain. The coefficient indicates
that after taking all of the other independent variables into account
the net price/acre is reduced on average by $61 for a farm being in
such a location., This contrasts with a simple average difference
in net sales price/acre between upland and flood plain locations of
about $96/acre. There is, however, one problem inherent in accepting the
$61/acre figure for flood damage. As mentioned earlier, in most cases,
the farms along the Upper Wabash contain land both in and out of the
flood plain and thus the average figure may understate the actual
damages to flood plain locations proper. On the other hand, because
farmers do hold land in both areas it is possible for them to adjust
their operations in view of flooding and thus considerably mitigate
the loss due to the flooding of the low lands. This could mean that
the $61/acre figure is quite accurate. In general, the second case

probably approximates reality more closely.
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The last two regressions in Table 5 have been included largely for
methodological purposes. The fifth, sixth, and seventh regressions differ
only in their inclusion of soil class variables and a fraction of farm in
cropland variable. The seventh includes both of these variables and the
high degree of linear association between the fraction of farm in cropland
and the soil class variables have caused a major reduction in the sig-
nificance of the soil class variables. Indeed only the coefficient of
the '"Quality B" variable remains sigﬁificantly different from zero. In
view of this, one is tempted to use only the framework of cropland variable
and omit the soil classification variables from the model; this form of
the regression model is the sixth regression in the table. Note that the
explanatory power of the model is substantiallyreduced by following this
procedure. Again, the problems encountered in including all of these
variables in the model can be mitigated by aggregating the soils classes
into three or two groups. 9/

The real reason for discussing these regressions is not, however, to
point out these problems. It is rather to demonstrate the sensitivity of
the magnitude of the differential between upland and flood plain farms'
sale prices to the particular form of the regression model employed.

The coefficients of the "flood plain location' variable in the fifth and
seventh are not significantly different from each other but they are
significantly different from the same coefficient in the sixth regression,

the one omitting the soil class variables. In fact that coefficient is

9/ This is done in the analysis of the Lower Wabash data. The
exploratory power of the model is little changed by this aggregation.
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only different from zero at a relatively low level of significance.

This should serve to underscore the need for considerable experimentation
with the form of the regression until that with maximum explanatory power
consistent with the underlying theoretical relationships is obtained.

In the remaining analysis the relationship between flood risk and land
values is explored more fully.

IRegressioné for farms only with flood plain locations are presented in
Table 6. It is immediately evident that the basic form of this model
differs substantially from that presented in the previous table. The
soil quality variables were insignificant for these forms. It seems
likely that this is due more to the methods employed by the assessors
in classifying the soils than to conditions inreality. Nevertheless,
it was possible to fit the regressions with moderate success. Aside from
the measures of flood risk, two other independent variables are new:
the year-risk variables. It was mentioned at the beginning of this section
that during the first years from which sales data were drawn that the
amount of protection offered by upstream reservoirs, particularly by
the Huntington Reservoir, was being increased. Because of the un;ertainty
with respect to the timing ofthe inclusion of this increased protection
into sales some experimentation with flood risk-year variables was carried
out. The year-risk variables take on the value of the average annaul
fraction of total cropland flooded over a 25 year period if the year of sale
falls within the time interval it represents. For example if .25 of the

cropland of a farm sold in 1956 floods annually, the year-risk «'57 variable

would take on the value of .25 while the other year-risk variable is zero.

The underlying idea behind these variables is to link the year of sales
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Table 6

Upper Wabash - Regressions for Floodplain Farms Only
(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

net sale price/acre

Constant 132.1 55.2 28.1
(1.06) (.46) (.28
Warranty deed 63.5 56.1 71.4
(1.73) (1.60) (2.09)
Contract deed 92.3 59.7 80.9
(1.61) (1.10) (1.56)
Expansion "~ 63.8, 50.0 48.6
1.99 (1.55) (1.59)
Trend 94.6 7.26 12.8
(1.50) (1.14) (2.11)
log Total Acres -22.3 -19.7 -48.0
(1.08) (.95) (2.32)
Yr-Risk € '57 8.56 -6.15 -20.1
(.70) (.50) (.76)
Stream frontage ~72.4
(2.15)
Fraction crops in 149.5
1-5 yr flood zone (2.53)
Fraction crops in
25 yr flood zone 174.3
(3.12)
2
R .387 419 471
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and the extent of flood risk together; this has been done because the pre-
ceived risk has changed over time and a simple dummy for the year of

sales would not include the risk aspeét. At best one would like to be
able to enter in the effect which these reservoirs actually did have

on each farm's flood risk and when this change was taken into account

by the mafket. Because this data is not available, the year-risk dummy is
being employed in an attempt to pick up these influences.

Each of the regressions in Table 6 contains a different measure of
flood risk as an independent variable. First observe that among the farms
with flood plain locations the value of farms with frontage on the Wabash
are discounted on average of $72 per acre. Also farms, with or without
a Wabash frontage, bring a premium of about $41 per acre (149.5 x .341)
on the average if it contains land in the 1-5 year flood plain. The
premium associated with being in the 25-year flood plain is about $126
per acre (174.3 x .727) or a full $85 an acre above land in the 1-10 year
zone. This follows our expectations in that that land in the alluvial
plain is more valuable.the less its flooding risk.

There are several differences between the second and third regressions
shown in Table 6 which deserve mention. The first is that the year-risk
variable for sales before 1957 is significant. Whereas its lack of
significance in the other regressions can be partially accounted for
by the presence of multicollinearity between it and the flood risk variables,
it also can mean that the higher areas of the flood plains perceived a
greater degree of protection as resulting from the construction of the

upstream reservoirs than the areas in the 1-10 year flood frequency zone.
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The positive sign of the year-risk €'57 variable indicates that only
the outer edges of the flo;d plain were significantly affected by the
reservoirs and that they perceived the change prior to 1957. Ex-
periments with other breakdowns of the observation period for year-risk
variables did not show any clear pattern of discounting to be evident
for the area subject to more frequent flooding. In general the
inability to measure such changes with the data available is not
surprising and the general lack of success is a strong argument against
using sales data for the land value approach in areas in which significant
changes in flood risk have occurred over the period necessary to generate
an adequate sample.

Severalladditional regressions relating flood hazard to the net
sale price of farms in both the flood plain and uplands are presented in
Table 7. The same form of the regression is used for all of the re- -
gressions except for the different measures of flood damage, and
is the same as that used in the final regression of Table 5. To determine
the average differential it is necessary to multiply each of the coefficients

by the means of the independent variable. The resulting differentigls are:

Differential per Acre Differential
Fraction of cropland in 1-5 year flood zone $ 36.6
Fraction of cropland in 25 year flood zone 27.4
Fraction of cropland flooded annually on
average over a 25-year period 55.1
These magnitudes are in keeping with our expectations. Thg smaller dif-
ferential over the laréer, 25 year, flood plain is easily explained by

the less frequent flood hazard and the high quality alluvial soils in the
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Table 7

Upper Wasbash - Pooled Regressions

Rlood Risk and Land Values
(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

Net sale price/acre

Constant 278.4 286.9 287.0
3.94 (4.06) (4.06)
Warranty deed -33.6 -33.1 -33.8
(2.51) (2.47) (2.52)
Contract deed 55.2 56.9 56.2
(3.05) (3.14) (3.10)
Expansion 21.2 22.2 21.7
(2.03) (2.12) (2.07)
Fract. cropland <49.3 -53.9 =46.0
Quality A - (.61) (.66) (.56)
Fract. cropland - 160.0 154.8 155.2 .
Quality B (2.88) (2.78) (2.78)
Fract. cropland 30.0 24.4 26.7
Quality C (.58) (.50) (.51)
Fract. cropland -30.2 -34.4 -30.7
Quality D (.59) (.67) (.59)
Fract. cropland (7.63) 4.42 5.79
Quality E (.06) (.04) (.05)
~ Fract. farm in 139.1 144.4 141.7
cropland (5.01) (5.24) {5.10)
Trend term 10.8 10.9 10.9
(9.76) (9.50) (9.87)
Small improv. -.005 ~.005 -.005
(1.93) (1.90) (1.89)
Med. improv. .0001 .0002 .0002
(.06) (.15) (.14)
Large improv. .004 .004 . 004
(2.46) (2.57) (2.48)
Log Acres -64.9 -67.5 -67.4
(5.36) (5.61) (5.59)
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Fract. €rops in
1-5 yr zone

Fract. cropland
in 25 yr zone

Fract. farm
annually flooded
in 25-yr period

kZ

-50.1
(2.31)

.542

Table 7
cont,

-83.2

-£1.85)

-112.4

(1.81)

. 540 .539
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upper reaches of the flood plain. Probably the most comprehensive measure

of flood risk employed is the average fraction of cropland flooded annually
during a 25 year period. It is preferred because it weights the flood
damage (acres flooded) by the frequency of the flood, and to a certain
extent should represent more accurately the perception of flood risk

by individuals in the market. In general, the several measures of flood risk
employed here tend to be consistent. 10/ The annual average flooding
measure and the simple flood plain location variable are those in which

the greatest confidence might be placed; the first due to its compre-
hensiveness and the latter due to its ability to capture the idea of

the farm unit being on and off the flood plain with what this implies

for farm operation. These two combined with the other results suggest

an average differential of about $50 per acre between flood free and non
flood free land after differences in productivity, size, improvements,

and certain sales conditions have been taken into account. 11/

10/ They are also consistent with the findings obtained using the fraction
of the farm flooded instead of the fraction of cropland. These results have
not been included in oxrder to keep the discussion as clear as possible.

11/ Using two versions of the method outlined and discussed in Appendix
A, ERS found an average difference of about $26 per acre associated with
flood damage. In both computational methods this amount was roughly doubled
to takeaccount of the fact that only about half of the "flood plain" farms
were actually located on the flood plain. On the basis of statements in
the text with respect to the operation of the farm unit, this procedure seems
questionable. If it were followed for the estimates presented, the
differential would be raised to around $100 per acre or slightly greater than
average difference between the sale price per acre of upland and flood plain
farms,
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D. Empirical Analysis of the Lower Wabash Area

The Lower Wabash study area includes Knox and Sullivan Counties. The
two counties combined have nearly 90 miles of frontage on the Wabash River and
Knox County is bordered on two of the remaining sides by the White and
West Fork of the White River. The flood plains along the Lower Wabash are the
widest in the basin (ranging from 1,700 to 3,357 acres per stream mile).
The flood plains along the White River in Knox County are also wide (1,367
acres per-stream mile).

A major portion of the flood plains along the Wabash are within a
Federally constructed levee system (Gill, Niblack, and Brevoort). Two
levee systems are authorized for the West Fork of the White River within
Knox County, but the existing levees were privately built. Parts of these
levees have been repaired and upgraded by the COE but the system is not
as complete as the Wabash River systems,

BothKnox and Sullivan Counties are in a corn, wheat, and truck type

of farm area. 12/ The truck farming is restricted to a "sand hill" area,
bordering the Wabash River Valley. This was formerly an area of extensive
peach and apple orchards but orchard production is declining. The flood
plains, particularly behind the levees, are intensively cultivated. Corn,
soybeans, and some wheat are the major crops. As previously mentioned,
this type of agriculture does not require on-farm residency. 'Therefore,
there are relatively few farmsteads located on the flood plain and the
rate of abandonment of existing strutures is high.

The demarcation between the flood plains and uplands is not as sharp

as in the Upper Wabash. The demarcation is characterized By gently sloping

12/ Robertson, Types of Farming in Indiana, op. cit.
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benchlands, except for an occasional bluff along river bends. There are
several small, prominent hills on the flood plains at the junction of the
Wabash and White.

The townships in the north central part of Knox and the eastern part
of Sullivan (the areas fartherest from the river) appear to contain less
productive soils and the farms are smaller., This area contains several
small towns once populated with workers in the coal mines, but coal mining
is now restricted to a few large collieries engaged in strip-mining. Land
sales in this portion of Sullivan County were excluded from the sample.

The major difference between the Lower Wabash and Upper Wabash for
analysis purposes is the presence of an extensive private levee system
in the Lower Wabash area. As shown in Table 8 slightly over half of
the flood plain farms have levees while slightly less than a third front
on the river. In general, one would expect the presence of the levee
system to reduce the differential between the upland and flood plain farms
and to make it more difficult to establish a statistically significant
differential.

Most of the other variables listed with their summary statistics are
familiar by now to the reader in both form and substance. A few comments
are, however, in order. One concerns the amount of improvements; in the
flood plain there is very little difference between the amount present on
small and medium size farms, both being very small amounts. In the
uplands, however, the values are comparable to those in the Upper Wabash.
In addition to the variables listed in the table; dummy variables for

each of the sixteen townships were tested in the regressioﬂs. 1;/

13/ 1In Knox County the townships are: Busseron, Decker, Harrison, Johnson,
Palmyra, Steen, Vigo, Vincennes, Washington, and Widner. In Sullivan County
the townships are Curry, Fairbanks, Gill, Hadden, Hamilton, and Thurman,
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Fract. cropland
.Quality ABC

Fract. of cropl
Quality DE

Fract. of farm
pasture

Fract. or farm
wood land

Fract. of farm
in cropland

Fract. of farm

in 25 yr. flood zone

Fract. of farm

and

in

in

in

1-2 yr flood zone

Fract. of farm

in

1-5 yr flood zone

Av. Fract. farm

annually floode
Frontage
Sandhill farm
levee

Acres in crops

Gross sale pric

acre (§)

Net sale price/
acre (§)

Small improv.

Medium improv.

d

e/

($)
($)

Table 8

Lower Wabash

Summary Statistics - Selected Variables

Flood Plain

Mean
.193

.806

019

.082

.856

.825

. 268

.286

1316

.314

.343

.514
141.97

252.17

231.78

132.04

295.17

Std.
dev. Mean
.350 .208
.351 .768
.066 .167
. 146 .109
.158 717
.293
. 394
.406
351
467
.478 .230
.503
126.39 59.6
146.30 303.9
135.93 253.2
654.6 834.8
1110.1 1590.8
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Upland

Pooled
Std. Std.
dev. Mean dev.
.375 . 205 .369
.392 .776 .383
.516 .135 .462
.200 .103 . 189
.539 747 .486
. 180 .367
.058 .212
.061 .221
.067 . 207
.067 .251
422 .254 .436
.110 .313
73.2 77.3 93.46
149.1 292.8 149.8
141.7 248.6 140.6
2330. 683.9 2105.9
4439, 1312.6 4001.9



Table 8

cont,
Flood Plain Upland Pooled
Std, Std. Std.
Mean dev, Mean dev. Mean dev,
Large improv. (§) 2950.1 5839, 1479.9 5294, 1795.6 5440.
Expansion .628 .487 472 .500 .506 .501
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These variables are included to explain differences in sale price associated
with particular locations not captured by other independent variables in the
models.

One rather critical factor which should be pointed out is that the
difference between the average net sale price/acre of upland and flood plain
farms is only $21.4. Although it is quite possible that the differential
in land values will increase after taking account of variations in soil
quality and other productive factors, the average differential is very small.
This fact combined with the presence of the private levee system make it
difficult to be sanguine about establishing a significant relation between
land values and flood damage.

The remainer of this section parallels the previous section; Tables
9, 10, and 11 present selected estimated regressions. A total of 326
sample farms have been used in the pooled regressions; 256 have upland
locations and 70 flood plain. The flood plain sample for the Lower Wabash
is then almost twice as large as that used in the Upper Wabash Case.

Several forms of the basic regression model employed to analyze the
Lower Wabashdats arg_presented in Table 9. There are few differences between
the independent variables included in this case and those used in the Upper
Wabash analysis. The soil classes were grouped into two variabies, ABC
and DE, The reasons for indicating this type of a grouping were generally
set out in the previous section. An additional reason, specific to this case,
was that many of the farms had all cropland in a single class, probably
due to the habits of the appraisers who classed the soils. In any event,
it was hoped that grouping those which were not classed inlthis manner

would make the data more consistent internally. Note that only one of these
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Table 9

Lower Wabash - Basic Regression Model
(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

Net sale price/acre

Upland Pooled .
. (1) (2) 3) (4) (5)

Constant 197.6 200.0 221.7: 243,2 242.6
(2.76) 2.8 (3.95) (4.51) (4.45)

1963 52.2 46.5 51.8 41.3 41.4
1.26) (1.16) (1.78) (1.47) (1.4

1964 67.0 (5.6) 72.3 73.1 73.2
(1.62) (1.64) (2.47) (2.60) (2.61)

1965 111.3 118.0 109.9 114.9 114.9
(2.70) (2.94) (3.70) (4.00) (4.00)

1966 135.0 113.0 144.5 159.3 159.3
(1.00) (.91) (2.21) (2.53) (2.53)

Johnson Twp. 70.4 Johnson Twp. 92.7 92.6
(1.82) (2.73) (2.71)

Vigo Twp. 97.4 Palymra Twp. 83.6 93.5
(1.86) (2.59) (2.58)

Washington Twp. -32.9 Vincennes Twp. 88.9 89.0
(1.30) (1.84) (1.84)

Fairbanks Twp. -62.4 Fairbanks Twp. -66.0 -66.0
(2.37) (2.85) (2.85)

Truman Twp. -81.7 Truman Twp. -61.7 -61.7
(2.80) (2.33) (2.32)

Warranty- =53.8 -46.6 -54,2 -45.3 -45.3
deed (3.20) (2.80) (3.67) (3.15) (3.15)

Fract. crop- 90.8 72.9 89.4 86.4 86.4
land Quality (4.30) (3.16) (4.81) (4.62) (4.62)

ABC

Fract. farm-140.0 -112.1 -149.7 -112.2 -112,2
in Woodland- {3.57) (2.176) (4.20) (2.98) (2.98)

Fract. farm 62.7 50.0 65.8 52.2 . 52,2
in Cropland (4.16) (3.32) (4.52) (3.64) (3.64)

Sand Hill 28.4 24.2 25.6 26.4 26.4
Locat. (1.53) (1.31) (1.63) (1.72) (1.72)
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Small improv. -.006

(1.62)
Med. improv. -.004
{2.28)
Large improv. -.004
(2.15
Log total -5.15
Acres (.40)
Floodplain
Locat.
R? .311

-.005
(1.60)

-.005
(2.71)

-.003
(1.85)

-1.21
(.09)

.369

Table 9
cont.

-.004
(1.26)

-0004
(2.23)

-.003
(1.94)

-12.6
(1.26)

.309

91

-.004
(1.30)

-.004
(2.68)

-.003
(1.91)

-16.5
(1.71)

.377

-.004
(1.30)

-.004
(2.68)

-.003
(1.91)

-16.5
(1.71)

-.48
(.087)

. 380



variables was included in the regression model. It is necessary to omit
one of the variables because as the two variables are almost always in
a one-zero configuration; they are nearly perfectly inversely correlated
which is inadmissible if the model is to be.estimated. Another major change is
the use of individual year dummies instead of a trend team in this model.
Most of the sales were taken from the years 1963-1966 but a few were from
earlier years. These variables are then to be interpreted with respect to
sales in the sample taking place before 1963. The individual dummies have
been used in this c;se because their explanatory power was somewhat greater
than the trendterm's. Finally, both the fraction of the farms in cropland
and the fraction in woodland were found to be significant in this case.
Turning to the regressions themselves several contrasts with the

Upper Wabash results are evident. In the regressions for the upland farms
alone the coefficients of the value of improvements variables are all
negative. The only reasonable explanation for this result seems to lay
in the fact that almost half of these sales were made for purposes of
expansion. If one assumes that in most cases the purchaser has an
adequate farmstead at the time of the purchase, a reason for discounting
the value of the buildings appears. This rationale is weakened
somewhat, however, when the positive coefficient of the "large improvements"
variable in the pooled regression is observed. Given the fact that the
large farms have been sold less frequently for expansion, the argument
remainszpasically valid; but even though the coefficients are statistically
significant they should be interpreted with caution,

 The discount in sale price associated with large tracts is much

smaller in the present case; it is only about one fourth as large as
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that found in the last section; for the uplands alone it is not significantly
different from zero. The discount in sale price associéted with the use
of a warranty deed is of the same magnitude as for the Upper Wabash,
although no effect of using a contract deed was apparent in this case.

The addition.of the township variables to both the upland and pooled
regressions increases the explanatory power of the models substantially,
The determination of which township variables to include in each case was
made on the basis of preliminary runs of the township variables on both
forms of the dependent variable. These variables are in general interpreted
relative to the net prices paid for farms in other townships. For example
upland farms on average sold for about $33 per acre less than the average
farm in the ten townships not explicitly included in the regression.
While these variables raise the portion of the variance of the dependent variable
explained, they do not significantly change the coefficients of any of the |
other independent variables. This is interpreted as meaning that they are
explaining only local variations in sale price associated with the working
of the market and not local variations which are related to the préductivity
of the farms sold in these areas.

Finally, it is of interest to note that in the final regression presented
in Table 9 the coefficient of the dummy variable indic#ting if the sale
was of a farm locatedin the flood plain is not significantly different from
zero, Because it was possible to establish some relation between land value
and flooding with other flood risk variables, it seems probable that the
insignificance of the simple flood plain dummy can be attributed to the
topography of area. As mentioned earlier the demarcation between the

flood price areas and areas subject to flooding is characterized by
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gently sloping benchlands except for an occasional bluff along river bends,
which would tend to blur the flood plain - upland distinction.

Regressioms for sales of farms located only in the flood plain are
presented in Table 10. The general form of these regressions as indicated
in the first regression is much more similar to thatused for the uplands
than was the case in the Upper Wabash. One difference between these and those for
the upland farmsis the use of a trend term jnstead of dummy variables for
each year, The substitution was made simply because the former offered
a slightly greater explanation of the dependent variable. The signs
of the value of improvements variables are somewhat different from the up-
lands. Only the small improvements variable is really significant, and
its positive sign is likely due to the presence of very small amounts
of improvements necessary for production on these farms. (Average value
$132.)

Before examining the performfnce of the flood damage variable included
in Table 10, the reasons for omitting several others are given. The broader
measures of flood damage including the fraction of the farm in the 25 year
flood zone and the average fraction of the farm annually flooded turned out
to be insignificant in the regressions in which they were included. Two
explanations seem possible. One is the topography argument presented above.
The second rests on the measurement of flood damage. In the description
of the data it was pointed out that the fraction of the farm in each flood
zone was found by matching Corps flood frequency maps with Plat maps.
Unfortunately, the Corps frequency maps did not take into account the pro-
tection offered by the private levee system. Thus it is quite possible

that much of the area shown to be in some of the £lood zones is substantially
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Table 10

Lower Wabash - Regressions on Floodplain Farms -
(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

Net sale price/acre

Constant -680.3 -661.9 -573.2 -616.1 -677.0°
(4.07) (4.08) (3.37) (3.57) (4.15)

Harrison Twp. 39.7 91.2 21.1 56.2 15.2
(.87) (1.80) (.47) (1.06) (1.90)

Johnson Twp. 16377 147.6 142.6 132.9 137.2
(1.55) (1.63) (1.60) (1.47) (1.51)

Vigo Twp. <48.1 -37.1 -29.2 -27.9 -34.9
(1.08) (.85) (.66) (.63) (.80)

Vincennes Twp. 124.6 139.8 112.7 117.4 134.8
(2.45) (2.80) (2.26) (2.36) (2.67)

Fairbanks Twp. -67.0 -39.3 -67.8 -50.8 -35.2
(1.30) (.76) (1.35) (.98) (.68)

Warranty deed -42,1 =41.0 -54,2 -45,2 -36.8
(1.40) (1.40) (1.81) (1.48) (1.24)

Fract. cropland 70.0 38.5 48.5 3%.3 32.1
Quality ABC (1.57) (.04) (1.09) (.75) (.70)

Fract.  farm in 343.5 332.9 282.0 246.0 287.8
cropland (3.52) (3.51) (2.85) (2.89) (2.71)
Small improv. .045 044 .040 .043 . 045
(1.97) (1.95) (1.79) (1.89) (2.00)
Medium improv. -.006 -.010 -.009 -.009 - -.009
(.48) (.85) (.84) (.83) (.80)
Large improv. -.002 -.003 -.002 -.002 -.003
(1.01) (1,37) (1.13) . (1.36) (1.26)

Trend 43,7 . - 44.6 42.5 44,9 46.0
(4.07) (4.27) (4.06) (4.25) (4.36)

Fract. farm in -76.6 -47.0
1-5 yr flood zone (2.11) - (.98)

Levee present 44.5 39.4
- (1,25) ° (.95)

Stream frontage -62.9 -43.0
@.11) . (1.27)

R2 .570 .602 .602 - ,613 .608
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overstated, If this is the case the lack of correlation between land value
and flood risk is understandable. Finally, the "fracéion of farm in the 1-5
year flood zone' variable appears the best fit of any of the "acres flooded"
. type of variable. One should bear in mind that this variable may in fact
represent the amount of flooding actually resulting from a somewhat

larger flood due to the protection offered by the levee system.

There are two aspects of the fitted models shown in Table 10 of which
the rea&er should be aware., The first is that there is significant
variation in the coefficients of the township variables with the type
of flood risk measure employed. For example, the average premium per
acre for a farm in Harrison Township goes from $91 when the "fraction
1-5 year" variable is used to zero when '"stream frontage" is used. (The
$21 is not significantly different from zero.) These changes are simply
caused by the type of flooding damage occurring in the townships. The
variation in the coefficient of the Harrison Township cited above means that
the premium paid for farms in that area disappears when one controls ex-
plicitly for the stream frontage of the sample farms in the area. Second,
the coefficients of the quality of cropland and the fraction of farm in
cropland variables also vary with the measure of flood damage employed.

The explanation for the latter variations is, however, generally one

of low level multicollinearity between the amount of flood risk and these
other two independent variables. It is easy to see, of course, why the
flood hazard would influence cropping patterns, and how the quality of
the soil would be influenced by its proximity to the river.

In the table two sets of regressions are presented: oné
in which the effect of flood risk is measured independently of the
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effects of the levee system and one which the effects of the levee system
are included. The average discount in the sales price per acre indicated
by the farm fronting on the stream and the fraction of the farm flooded
by the 1-5 year flood is quite different: $63 versus $23 (76.6 x .29).
Although taking the presence of levees explicitly into account in the fourth
and fifth regression does lower the estimated discounts by about a third
for both flood damage variables, they are still quite far apart, $43 vs.
$14/per acre. However, since the discount associated with the 1-5 year
measure is no longer really significant, one is forced into state- |
ment that after taking the effects of private levees into account the
only measurable flood hazard is for those farms fronting on the Wabash and
he¥e it is about $45/per acre. This conclusion is for flood plain farms
only, i.e, among flood plain farms only those river frontage sell at a
discount due to flood hazard.
These results contrast quite sharply with those for the Upper Wabash.
In that case while it was possible to establish a discount associated with
stream frontage, it was élso possible to establish a premium being paid
for lands in the alluvial plain with less risk on flood damage over time.
The difference between the two cases seems to lay in both the presence of
the private levee and the nature of the topography in the Lower Wabash area.
The final regression analysis is presented in Table 1l1. The basic model
is the same as that discussed in Table 9. The flood risk variables are
again whether the farm fronts on the Wabash and the fraction of the farm
in the 1-5 year flood plain. The most interesting aspect of the findings
displayed in the table is that when upland and flood plain‘sales are

considered together the effect of the presence of private levees is negligible.
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Table 11

Lower Wabash - Pooled Regression

Analysi f Flood Risk ] .
(Coefficients are in Dollag Tg}gs; Student t Statistics in Parentheses)

Net sale pric/acre

(1) (2) (3) (4)
Constant 229.8 239.5 239.1 228.5
(4.27) (4.43) (4.44) ) (4.25)
1963 3.7 41.0 39.2 30.9
(1.22) (1.44) (1.40) (1.10)
1964 70.0 71.9 70.3 64.9
(2.44) (2.53) (2.50) (2.31)
1965 109.6 113.8 111.7 104.0
(3.74) (3.89) (3.88) (3.61)
1966 158.1 178.2 176.2 164.5
(2.50) (2.78) (2.26) (2.58)
Johnson Twp. 97.9 94.6 93.5 96.0
(2.90) (2.78) (2.76) (2.85)
Palmyra Twp. 81.9 82.4 81.0 78.0
(2.54) (2.53) (2.51) (2.43)
Vincennes Twp. 68.8 88.4 92.7 82.3
(1.40) (1.79) (1.92) (1.71)
Fairbanks Twp. -63.5 -62.1 -63.0 -63.7
(2.74) (2.66) (2.72) (2.42)
Turman Twp. -61.9 -63.9 -64.5 -63.9
(2.35) (2.40) (2.43) (2.76)
Warranty deed -45.4 -44.4 -43.8 -43.1
(3.14) (3.06) (3.063) (3.01)
Fract. cropland 80.0 81.1 81.5 79.6
Quality ABC (4.24) (4.26) (4.33) (4.23)
Fract. of farm in-100.8 -111.1 112.7 -105.4
woodland (2.68) (2.95) (3.00) (2.81)
Fract. of farm 52.7 53.7 54.1 . 54.5
in-cropland (3.69) (3.72) (3.77) (3.82)
-Sandhill 23.3 22.9 24.0 24.0
(1.50) (1.46) (1.55) (1.56)
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Small improv. -.004

(1.32)
Med. improv. -.005
(2.84)
Large improv. -.003
(2.10)

Log total acres -11I5
(1.14)

Stream frontage -81.8
' (2.61)

Levee present .85
(.03)

Fract. farm in
1-5 yr flood zone

R? .392

Table 11
cont.

-.004
(1.34)

-.004-

(2.73)

-.003
(2.07)

-1530.
(1.52)

9.18
(.40)

«42.9
(1.36)

.381

99

-.004
(1.36).

-.005
(2.81)

-.003
(2.08)

-14.4
(1.48)

-44.9
(1.44)

. 380

-.004
(1.38)

-.003
(2.17)

-9.80
(.99)

-65.6
(2.22)



The discount associated with flood risk after taking account of minor
effects of the levees differs markedly between regressions (1) and

(2). The discount found'using the stream frontage variable is $65/
~acre greater than that.indicated in the 1-5 year flood zone variable.
Both of these variables are included in the fourth regression and the
results are that the risk associated with having a farm front on the -
Wabash clearly dominates being in the 1-5 year flood zone. Interestingly

the extent of the linear relation between these two measure of flood risk

quite low (R? = .20), so that this finding cannot be attributed to simply
measuring the same risk two ways; apparently at least the perception of
flood hazard differs significantly between the two.

This brings us to the ultimate issue of which measure of flood risk
is the appropriate one to use in this case. Before addressing this issue
directly it may be worthwhile to consider what the results of Table 11
have shown. First, it was shown that average per acre discount of a
farm fronting the Wabash in this area is about $65, after taking account
of the fact that it is in the 1-5 flood plain. Second, it was shown that
an average for all farms treated in the 1-5 year flood plain, including
those with river frontages, the average per acre discount was about $15.
Finally, it was shown that no flood hazard for larger floods has been re-
flected in the prices paid for the sample farms., The determination of
which number is the appropriate number depends quite clearly on the
type of project and protection which is being considered. If, as would
normally be the case, the project were to benefit the flood plain in

general, then the $15 per acre figure should be employed. If the
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protection is to benefit those farms with stream frontages differentially,

than the $65 per acre for these farms is appropriate. 14/

14/ These estimates are about one-half of the similar estimates made in
the ERS report following the first two steps of the procedure outlined
in Appendix A. The differential associated with flood plain locations
estimated was $31. It seems likely that much of the discrepancy between
the two sets of estimates can be attributed to the use of gross sales
per acre as the dependent variable. This increased the average difference
in sales price per acre to almost $50 from the $20 for net sales price
per acre between farms located in the uplands and flood plain. The problems
associated with using the gross sales price have already been set out at
the beginning of Section C of this chapter.
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CHAPTER IV
The Missouri River Application
A. Introduction

As indicated in the first chapter of this monograph, the land value
study using areas along the Missouri River was undertaken after the
completion of the study on the Wabash River and in response to some of
the findings resulting from that study. To set the stage, the elements
of the Wabash study which caused some problems in establishing the land
value differential associated with flood risk as accurately as possible
are listed below. Following this the steps taken in the Missouri applica-
tion to overcome these problems are outlined.

Three principal problems surfaced within the course of the Wabash
application. The problem which limited the results most seriously was
the use of sales occurring over a considerable time period. As noted
earlier the use of extended times series data means that several
different factors which influence the value of land over time became
intertwined and extremely difficult to separate from each other. 1In
addition to the general upward drift of prices and productivity, the
extent of flooding and the inerease in protection resulting from the
construction of upstream reservoirs all have potentially significant
influence on land prices at various points over an extended time period.
The second major problem is closely related to the first; the need for a

"netting-out" of various random

sample of adequate size to permit the
elements in the sales data is in fact the reason for the use of sales

occurring over a period of several years. It is quite clear that if
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a sample, not based on actual sales data, could be assembled, the number
of observations needed to place the random elements resulting from extra-
market considerations in prospective might be substantially reduced. A
final major problem in the Wabash application was the question of the
appropriateness of comparing flood plain and'upland located farms.
Despite the fact that production and location factors were standardized
for, a potential sowce of criticism is that in the final analysis the
two areas are strictly not comparable.

In attempting to overcome these problems and to lend greater support
to the use of the land value approach to measure benefits accruing to
agriculture from flood protection, several departures from the method-
ology established by the Economic Research Service were initiated. In
order to obtain a sample of sufficient size at a single point in time
with a minimum amount of random elements affecting the data, it was
decided to embloy "gross estimates' of the value of the land and the
farm unit prepared by real estate appraisers. (The ''gross estimates"
differ from bonafide appraisals only in terms of legal description.)
Further, in order to test the hypothesis that upland and flood plain
locations are not comparable, three areas of study were employed: an
area on the flood plainlprotected by Federal levees, another area on
the flood plain which was not so protected, and an upland area near the
other two areas. It was then possible to test the hypothesis by
examining the land value differentials indicated by protected-unprotected

area and upland-unprotected area comparisons. It is these two features --
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the use of appraisal data and comparison of the unprotected area with a
protected area located in the flood plain as well as with an upland
area -- which characterize the Missouri River application.

The general area of study is the St. Joseph reach of the Missouri
River, and more specifically Levee Units Nos. 448-443L and 419-426L and
the flood free upland area adjacent to these units. Three areas form
the three subareas which are of explicit interest to this study:_’a
flood plain area protected by a Federal levee (Levee Unit No. 448-443L),
a flood plain area not protected by Federal levees (Levee Unit No.
419-426L), and an upland area near these other two areas. A general
description of these areas and the reasons underlying their selection
are presented in Appendix D. In the remainder of this section only
those characteristics of these areas which bear most strongly on the
comparisons of land values and flood risk made later in this report are
described.

Both of the flood plain areas are extremely level; in fact there
are only one or two five-foot contours from the Missouri River to the
steep hills which mark the limit of the flood plain. The Federal levees
protecting the '"protected" area were completed in 1951, and the other
levee district has been in an inactive status for a number of years so
that the land market should not reflect any speculation of possible
future construction of Federal levees in the "unprotected'" area. One
characteristic of the unprotected area should be emphasized: the area
is protected by a private levee which is approximately six feet in height

and generally thought to be strong enough to withstand a flood of five
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year frequency. This means that whatever differential in land value
associated with flood risk is found will be the marginal difference
between the protection afforded by the existing private levee and a
Federal levee, other factors being held constant.

Several characteristics of the upland area need to be pointed out.
First, the topography of this area ranges from rolling to hilly and as
such contrasts sharply with the extreme levelness of the flood plain
areas, In an effort to diminish the amount of topographical variance
among the areas, the upland farms immediately adjacent to the flood plain
which generally contain extremely uneven terrain were excluded from the
study area in favor of more rolling terrain slightly beyond the initial
range of hills. There were two other factors which had to be taken into
account in delineating the upland area which were potential sources of
speculative or non-agricultural influences in the land market. These are
the presence of Interstate Highway 29 running along the western edge of
the upland area and the construction of the new Kansas City International
Airport to the south. The procedure adopted in both cases was to draw
the sample from farms thought to be far enough away from the source of

potential speculation to be relatively free of these influences.l/

B. The Data and the Methodology
The use of appraisers to assemble the basic data set is one of the

hallmarks of the Missouri application. Six Corps of Engineers appraisers

1/ The determination of how far this influence extended from each
source was determined by studying recent sales data.
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actually made the estimates.z/ They were instructed to evaluate each
farm at its current market value. The fact that the data was to be used
to measure the extent of flood damage was not emphasized, and the
appraisers were told not to deviate from their normal work method. Only
one constraint was placed on the group as a whole -- that each appraiser
make estimates in each of the three study areas. This was done to insure
that systematic differentials would not occur owing to particular
appraisers being consistently higher or lower than others. In order

to establish the current level of the market, a total of fifty-one sales
which occurred in the two years prior to the study were studied by the

3/

appraisers.=" On this basis gross estimates were made on 50 farms in
the protected and upland areas and on 64 farms in the privately pro-
tected area. An idea of the type of data gathered by the appraiser,
partially by interviewing the farmer or tenant, is available by examin-
ing the form used by the appraisers in the field as shown in Appendix F.
Table 1 contains the sample means of a number of the variables for
each of the three study areas. From these data it is possible to observe
some important differences among the study areas. Interestingly the
value of the land without improvements for the protected and unprotected

areas are practically identical, although the value of improvements is

considerably greater in the protected area. This similarity in the

2/ The qualifications of these appraisers are given in Appendix E.

3/ The distribution of the sales among the study areas was:
protected area, 15; unprotected area, 11; upland area, 25. It should
be noted that most of these sales were included in the sample at sale
price of the farm.
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Table 1

_ Mean Values cf Selected Variables Based on

o q
. Ea»l

-

S
jeetigay el

to for Miscouri River Study

Protactad Unprotoct d
Area Area Upland
- - (443-448L) (419-426L) Arca
Distance from St. Joseph, Missouri 5.08 16.9 5.82
Distance from Kansas City International
Airport : 25.4 16.7 14,1
Total Acres per acre 149.7 204.5 145.4
Fraction farm in Soil Class I 314 .407. .02
Fraction farm in Soil Class II .49§ 430 .105
Fraction farm in Soil Class III .136 .100 +580
Fraction farm in Soil Class IV .017 .018 .208
Fraction farm in Soil Class V .059 J047 .113
Fraction of farm in cropland .893 921 .618
Fraction of farm in grassland & woodland .013 .028 <359
Topography
Fraction of total farms dominantly level .980 .968 -
Fraction of total farms dominantly rolling .020 .032 .604
Fraction of total f;rms doninantly steeply
rolling - - .167
Fraction of total farms dominantly hilly - - +208
Size distribution
Less tRan 50 acres .280 .306 . 062
Between 50 and 150 acres +260 «306 497
Greater than 150 acres 460" 387 458
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Tzble 1 (cont'd)

Mean Values of Selected Variables Based on
_Estimate Data for Missouri River Sturcy

Protected Unprcotected
Area Area Upland
(443-448L) (419-4261.) Areca
Valvatien
Acres of tobacco base - 375 1.47
Assessed value for tax purposes 4984, . 7683, 8261.
Tctal "estimated" values in dollars . 59801. 81698, 48300.
Value of house 4312. 2836. 5630.
Value of buildings 1968. 1753. 27174,
Value of house + buildings per
acre - all farms 59.3 37.3 75.9
Farms of less than 50 acres 31.6 16.2 21.4
Farms between .50 and 150 acres 11.9 13.8 31.8
Farms greater than 150 acres 15.7 7.4 23.0
Value per acre without improvements 386. 587. 271,
Total value per acre 445.3 424.3 346.9
Fraction of farms appraised by
Appraiser 1 .160 290 .062
Appraiser 2 .080 .306 <164
Appraiser 3 ' .200 .081 .125
Appraiser 4 .160 . .065 «292
Appraiger 5 .220 0177 .083
Appraiser 6 .180 .065 333
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value of the land between the two areas is partially explainable in
terms of the larger fraction of the unprotected farms being in the best
two soil classes. In this regard it should be noted that there is a
considerable overlap in the soil qualities of flood plain farms and
those Qith upland locations, suggesting that the two sets should be
comparable,

In the next several paragraphs some of these variables are
described in greater detail. Because the data gathered and used in this
analysis are in many respects the same as those used in the Wabash case,
only those which are felt to be particularly important or different
will be discussed here.

Value of land without improvements: This variable has been used

as the depen@ent variable in this analysis, largely for the reasons
advanced in the previous chapter and on the basis of the empirical
findings there. The appraisers did evaluate the land on a strictly
productive basis and estimated the average value per acre of the land
without improvements.

Value of improvements: Improvements in this case include both

houses and other buildings and the cost of drainage improvements,
although it excludes the cost of levees both Federal and private
incurred by the farmers. The larger value of improvements for farm in
the upland area is caused by the additional buildings needed for
livestock operations and by the presence of large tobacco barns in

this area; both the livestock and tobacco operations are more extensive

in the upland than in the flood plain area. In this analysis the farms
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have also been divided into three size classes (less than 50 acres, 50-
150 acres, greater than 150 acres) and the improvements enter the
regression analysis on a per acre basis as multiplicative dummy
variables.,

Soil Classes: Soils have been broken down into five soil classes,

I through V. The classification of the soils was done by the appraisers
using the "Soil and Capability Legend' prepared by the Soil Conservation

4/

Service as a guide.= In general the classification of soils is baéed
on a combination of the actual quality of the soil and the extent to
which conservation practices must be employed in farming the land. The
fact that the appraisers had to make this determination (the SCS clas-
.sification not having been made as of yet in the study area counties)
raised the possibility that the soil classes and who classified the soils
might be highly correlated. Table 2 presents simple correlation coef-
ficients for several of the independent variables including the appraiser
variables and soil classes. The coefficients are based on all of the
observations in the unprotected and upland areas (112 farms); the extent
of the linear association among these variables is greater for those
areas than for the area protected by Federal levees. The coefficients
indicate that the extent of interrelationship among the soil class and
appraiser variables is quite small,

One improvement in the basic data which was made in this case was

the division of the land by soil class and use (crops, grass, timber)

4/ A copy of the Legend appears as Appendix G. Note that classes
V-VIII, all unsuited for crop production, have been aggregated into a

single class, V, for this study.
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Toble 2

Miszeouri River Analyzis
"Simple Correlation Coefficients of Selected Variables

Combired Upland and Unpritected Area Obseivdiions
Fraction of Farm in Dominant Tovography
Soil Classes o Farm
I & IV & : Steep
IT 11T v Rolling Rolling Hilly
Appraiser 1 .33 -.29 -.20 -.23 .19 -.16
" 2 -.02 -.05 013 .26 -910 -.13
" 3 -'32 .18 035 "006 -.03 063
" 4 009 020 . -|07 ".19 009 --03
" ' 5 ".12 032 . .09 043 ".04 -014
Fraction of
farm in .
cropland 056 "035 "055 "'39 "a21 -.30
Fraction of
farm in grass-<
land and .
timber - .57 c42 '63 .45 .16 032
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between those located in flood prone and flood free areas. Since all
land in the unprotected area is flood prone and that in the upland is
flood free, the only area which contained both types of land was the

protected area; the flood prone land in this area is the few hundred

acres outside of the Federal levee.

Topography: The appraisers as part of their evaluation of each
farm classified the topography of the farm as being dominantly in one of
four classes: level, rolling, steeply rolling, or hilly. In other words
for each farm one of these variables takes on a value of unity and the
other three a value of zero. In the regressions, variables for the last
three classes appear, and their coefficients are interpreted relative
to farms which are dominantly level. An inverse relationship between
the three included topographic variables and the dependent variable is

expected as a level farm ceteris paribus should be less costly to

cultivate and/or more productive than others.

Distance from Urban Centers: As mentioned in the description of

the study area, the study area is bounded to the north and south by
St. Joseph, Missouri and the new Kansas City International Airport.
Although it was attempted to sample far enough north of the airport in
the upland subarea to avoid speculative influences, distance variables
from both of these centers have been used in the regression analysis.
If an urban or speculative influence were present in either case, one
would expect an inverse relationship between the air distance from the

centers and the average value of the land per acre.
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Appraisers: The statistics in Table 1 indicate that all six
appraisers did work in each of the three subareas involved in the study.
Also, the simple correlation coefficients presented in Table 2 show that
in general the extent of linear association between who appraised the
farm and the productivity and topography assigned to the farm is quite
limited. It is still possible, however, that the value assigned to the
land may vary systematically with who appraised it. To account for the
variance in the value of the land attributable to the particular biases
of the individual making the estimate, five additive dummy variables
have been employed. These variables should, of course, be interpreted
as adjusting the constant term of the regression relative to the estimates
made by the first appraiser.,

Flood Risk: Six measures of flood risk have been dominantly used
in the analysis; these variables along with their means can be listed

as follows:

FLOOD RISK VARIABLES Mean

1. Fraction farm in 1-5 year flood zone. .091

2. Fraction farm in 5-25 year flood zone. .885
3. Average fraction of farm flooded annually over

" 25 year period. .226

4, Average fraction of farm flooded 1965 & 1967 .334

5. Fraction of farm protected by private levee .797

6. Farm has Missouri River frontage .194

It should be emphasized that these variables take on non-zero values

only for farms in the area protected by the private levee system. It
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follows, then, that in the regression models, presented later in this
Chapter which are based on the pooled observations of this area and one
of the other areas, the first five of these variables enter the regres-
sion as multiplicative dummy variables. The final variable, Missouri
River frontage, enters as an additive dummy variable since it takes on
a value of one for those farms having such frontage and is zero otherwise.
Two distinct types of information underlay the construction of these
variables. Because in both 1965 and 1967 floods of slightly greater
than that of a five year frequency occurred in the study area, it was
possible to determine directly the extent of the flood damage to each
of the sample farms by asking the owners or tenants about the damage
which took place. The second source of flood damage data was the
Hydrologic Division of the Corps' Kansas City District office which
estimated the amount of flooding on each farm for the 1-5 year, 5-25 year,
and 100 year floods by matching topographic and plat maps and the height
of the river rise associated with these various floods. It was not
possible to measure the flood damage on a more disaggregated basis (10
year, 20 year, etc.) because of the extreme levelness of the flood
plains.il
The amount of flood damage shown by the variable (4) based on the
interview information is considerably greater than that indicated by the
hydrologic data. There are two reasons for this discrepancy. One is

that the '65 and '67 floods were slightly greater than the five year

5/ There are only one or two five foot contours from the river
edge to the strip embankments which mark the end of the flood plains.
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flood, so that the difference might be simply attributed to differences
in the size of the flood. A second and possibly more important explana-
tion of this difference is that during periods of high water this area
is troubled by river water "boiling up" and covering the land. Thus
this measure might be considered to be slightly more general than that
based solely on the matching of contours and river stages.

The third measure, the average fraction of farm flooded annually
over a 25 year period, was hoped to provide a somewhat more general
imication of the overall flood risk to each farm, This variable was
constructed by weighting the fraction of the farm flooded by a flood of
given frequency by the number of times it would occur over the 25 year
period, summing over all frequencies and dividing by 25. There were two
reasons for limiting the period to 25 years. This was thought to be
about the maximum period that those in market would take into account
in estimating the value of the property. In addition, because the
difference between the amount of land flooded by the 25 and 100 year
floods is only about 107 of the total, the difference in the weights
between the two cases would be minimal.

The data upon which to construct the fifth and a sixth variable
was gathered by the appraisers. Regarding the fraction of the farm
protected by a private levee, because the entire "unprotected" area has
a private levee running parallel to, although at varying distance from
the Missouri River, those farm units separated from the river by a farm
across which the private levee runs were considered to be wholly

protected by the levee.
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As one might expect, these various measures of flood risk are
related to each other to a fairly large extent. To demonstrate this
the simple correlation coefficient matrix for thesé variables is
presented in Table 3. In addition to simply demonstrating the degree
" of linear association, the information in the table might be recalled
when the various regressions are presented; the high correlations
between some of these variables preclude using them together in the

same regression,

C. Empirical Analysis

In presenting ghe results of the regression analysis, we deviate
from the procedure of the previous chapter of presenting a separate
analysis for each area and then the results of the pooled regressions.
Here separate analysis of the unprotected area only is presented aloné
with the comparative analysis. There are two reasons for this. Oné.is
that the analysis of the last chapter demonstrated in general the type
information which can be derived from this work. Second, and more
important, is the fact that the analysis of the protected flood plain
and the upland areas together demonstrated clearly that after accounting
for differences in productivity, improvements, topography, and location,
there was no significant difference between the value of the land in the
two areas. This leaves us free to concentrate on the analysis of the
unprotected area both by itself and relative to the two areas,

Table 4 presents selected regressions for the sample farms in the

unprotected area only. The first regression is the basic model, and the
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tlissouri River Analysis
Slnple Cerrelaticn Cocfficients of Selected Flood Risk Variables

. For Unorotected bloodnlaln Arey

(1) (2) (3) (4) (5) (6)

(1) Missouri River Frontage Un-

protected Area 1.0
(2) Fraction of Farm Protected

by Leeves .183 1.0
(3) Fraction of Farm in 1-5 Year

FlOOd ZOHO 0440 -0025 1-0
(4) TFraction of Farm in 5-25 Year ,

Flood Zone «343 .890 332 1,0
(5) Average Fraction of Farm Flooded

Annually over 25 Year Period . .344  ,890 332 .,940 1.0
(6) Average Fraction of Farm Flooded

'65 and '67 443 429 410  .611  .612 1.0
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variables included in it are included in the other four regressions along
with various measures of flood risk. There are only a few aspects of the
basic model which require comment. One obvious factor is the omission

of a variable for the fraction of the farm in the best two soil classes.
This variable was omitted because of the substantial multicollinearity
between it and the other two soil class variables. Interpretatively,
because the bulk of the soils in the area are in classes I and II (82%),
the other soils are discounted relative to these. The value of improve-
ments enters significantly into the analysis only for larger farms, those
cont;ining more than 150 acres. This finding, consistent with our
experience in the Wabash analysis, can be explained in the following way.
Since the dependent variable is the value of land without improvements,
the significance of improvements as an independent variable indicates that
they add significantly to the productivity of the land. That the improve-
ments variable is statistically significant only for large farms implies
that it is only for units of this minimum size that these facilities
enhance the productive process. One reason for this might be simply that
as the size of the farm increases the ratio of the value of the home. to
the value of other improvements decline sharply.

Finally, it is significant that the dummy variables for the
appraisers are generally insignificant or significant at low levels of
confidence. This indicates that very little of the variance in land
values is explained by who made the estimates and thus offers support to
the hypothesis that in general estimates made in this manner are subject

to fewer systematic extra-market or random influences.
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Dependent variable:

(1)
Constant 479.
(8.

Fraction farm in -104.
Soil’ Class- III (5.

Fraction farm in -306.

Soil Class IV & V (5.

Log Total Acres -13.

(2.

Distance from K. C. -

Int'l Airport (.
Improvements on

Large Farms (2.

Appraiser 1 19.

(1.

Appraiser 2 4,

(

Appraiser 3 2.

(

Appraiser 4 22.

(1.

Appraiser 5 6.

Missouri River
Frontage

Fract. farm in 1-5 yr.
flood zone

Fract. farm in 5-25 yr.
flood zone

0
00)

3
27)

7
47)

5
50)

45

16)

.703

45)

5
20)

72

.21)

67

.13)

3
25)

51

.30)

Table 4

Missouri River Analysis
Regression Analysis of Land Differential Associated with Flood Risk
Unprotected Area Only

(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)
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Fract. farm flooded

Av. '65 & '67

Fract. farm protected

by private levee
R2

F

.659

9.86

Table 4 (Cont'd)

-24.0
(1.40)
54.3
(1.36)
.698 .723 734
8.53 9.66 9.26
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The remaining four regressions fall clearly into two groups, those
which give explicit consideration to the effects of the private levees on
land values (Nos. 4 and 5) and those which do not (Nos. 2 and 3). 1In
evaluating these variables, a .20 level significance (i.e. a t-statistic
of 1.25 or greater) is required in order for the coefficient to be treated
as being significantly different from zero. Using this criteria the
effect of a farm fronting on the Missouri was found to be of negligible
importance, after taking the fractions of the farm subject to flooding
into account.é/

The low levels of significance of the flood risk variables other
than river frontage in regression (2) should not be taken too seriously.
The large simple correlation (shown in Table 3) between these two variables
increases the standard errors of these variables beyond what they would
be in the absence of this linear dependency and consequently lowers the
value of the t-statistics. Discounting these t-statistics somewhat, the
combined effect of the flood risk varlables in regressions (2) and (3)
indicate a differential evaluated at the mean in land value between those
farms in the unprotected area which are subject to flooding by storms of
25 year frequency or less and those which are not of about $30 per acre.l

This result is dramatically reversed when the effects of the private

6/ The addition of the river frontage variable only to the basic
model showed the variable to be of marginal significance indicating
about a $6 per acre differential associated with such locations.

7/ 1In reality the distinction is not this clear. Only 18 of the
62 sample farms are not completely covered by the 25 year flood, so
that the differential is between those which flood completely and those
which only partially flood.

121



levees are taken explicitly into account by adding a variable for the
fraction of the farm protected by the levee system. Again use of the
combined effect of the flood risk variables evaluated at their means for
regressions (4) and (5) indicates that the value of land per acre for
farms with an average amount of levee protection (807%) is at a slight
premium of $2-5 compared to those with less protection. Taking the
results of this analysis on balance one would have to coriclude that

there is very little difference in the land value among farms within the
unprotected area. Given the general nature of the flood damage resulting
from relatively minor floods, this result was to be anticipated.

We are now ready.to examine the differential between land values
between the flood free areas and the flood subject area. To do this two
comparisons are made using the pooled observations from the two areas in
the same type of regression analysis as that employed in the last chapter.
The two comparisons carried out using the Missouri data are: one between
the value of the land in the flood plain area protected by the Federal
levee and the land in the flood plain area protected only by a private
levee (the "unprotected" area); and one between the value of the land
in the flood free upland area near the flood plain and that of the flood
plain area protected by the private levee. These two comparisons are
discussed in order in the following paragraphs.

Selected estimated regression models using the combined protected
and unprotected area observations are presented in Table 5. The first
model presented is again the basic model, and the remaining five add

measures of flood risk to the basic model. The variables included in
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Table 5

Missouri River Analysis
Regrecsiecu Arrlysic of Land Valu: Differential lsszocioce” Tith

Floou Risk Combined Protected and Unprotecicd iveas

(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

Dependent variable: per acre value of land without

improvements

(1) (2) (3) (=) (3) (6)
Constant 486.9 554.8 482.8 - 546.6 514.6 540.8
(12.5) (10.2) (9.03) (10.4) (9.41) (9.88)
Fraction farm in Soil Classes
I &Il .50 3.72 4,02 5.20 4,21 3.02
(.20) (.22) (.24) (.31) (.25) (.18)
Fraction farm in Soil Class
I11 -102.0 -i02.7 -94.8 -94,2 -100.9 -99.1
(4.47) “4.12) (4.12) (4.15) (4.51) (4.34)
Fraction farm in Soil Classes
IV&YV -352,9, -322.0 -346.9 -337.9 -322.7 -340.4
. (7.95) (7.20) (7.88) (-7.67) (7.27) (7.61)
Log Total Acres -13.3 -12.6 -8.52 -9.96 -10.8 -12.1
(2.75) (2.44) (1.58) (1.95) (2.09) (2.30)
Value per acre of improve- 374 .281 +294 «276 .242 315
ments on large farms (1.92) (1.45) (1.49) (1.41) (1.25) (1.60)
Distance from Kansas City
International Airport - -.58 -3.40 -1.40 -3.55 -2.13 -2.82
(.55)_ (-1.94) (.79) (2.01) (1.22) (1.63)
Appraiser 1 21,1 10.3 18.5 9.41 11.9 9.34
(1.€8) (.74) (1.34) (.68) (.86) (.66)
Appraiser 2 21.8 26,7 24,1 28.2 23.4 25.9
(1.52) (1.88) (1.66) (1.98) (1.65) (1.79)
Appraiser 3 -8.89 -22.0 -14.7 22,4 =21.5 -19.4
(.59) (1.39) (.94) (1.40) (1.36) (-1.20)
Appraiser 4 15.8 13.9 13.0 12.9 11.4 14.9
(1.31) (1.18) (1.08) _ (1.09) (.97) (1.25)
Appraiser 5 12.0 15.8 10.5 10.7 11.6 10.6
(.82) (1.09) (.72) (.74) (.81) (.73)
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snelysis
Pe0193310n nH"L}QIS of Lard Value bDifferentizl :

Flood Risk Combined Protccted and Unprotec

124,

ssetiated With
:;d Areas
(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)
- ;ZPCAEURL variablet per acre veiue of land without
‘ improvenents
(1) (2) (3) (4) (5) (6)
Missouri River frongdge '
unprotected area 3.62 26.40 -.93 -8.78
Fraction farwa in 1=5 yeat
flood zone +5.93
(2.12)
Fractien farm in 5-25 year
flood zore -24.9 - =203
. (1.56) (1.27)
Fraction farm protected by
private levee 5.29 44,4
(.39) {2.34)
Fraction farm flooded on .
average '65 & '67 -33.0  -31.0
(1.85) (1.70)
Average fraction farm flooded
annually over 25-year period -242.0 -93.8
(2.34) (1.48)
R? 632 .660 1649 .654 .64k 644
F 15.6 13.4 12.8 14.2 13,6 13.6



the first regression are, with one exception, the same as those in the
basic model estimated for the unprotected area only; there are, however,
some important differences. The exception is the addition of the
variables "Fraction of farm in Soil Classes I and II" which was able

' to be included because of the reduction in linear dependency among the
soil class variables. 1Its insignificance still reflects the implicit

- use of the soils in these two classes as the guide against which to
judge the others. One important feature of this basic model is the
significance of the variable for the distance from the Kansas City
International Airport. In addition, none of the appraiser dummy vari-
ables are significant in the present analysis. This probably stems from
the different sampling rates of the appraisers between the two areas.
Finally, over 60% of the variance of the dependent variable is explained
by the basic model, suggesting that most of the important factors have
been taken into account,

Turning to the other regressions, it is observed that the flood
risk variables are in general significant at high levels and that their
inclusion raises the explanatory power of the model markedly. Interpre-
tations of the flood risk variables are presented in Table 6. The
summary information for each variable includes the coefficient evaluated
at the mean of the sample of unprotected farms only. Intuitively, this
mean is used in order to compare the two subsamples, that is the
differential between the value of the protected and unprotected lands.
Use of the mean of the whole sample would produce a comparison between

the whole sample (combined protected and unprotected) and the unprotected
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Table 6

Estimates of the Average Marginal Difference in Land Values Per Acre
Between an Area Protected by Federal Levees and an Area
Protected by Private Levees¥

90% Confidence

Regression Coefficient Interval
No. Flood Risk Variable b/ Evaluated at the Mean a/
2 Fraction farm in 1-5 year flood
zone § = 5.2 § -=2,7 to - 7.7
Fraction farm in 5-25 year flood
zone -22.0 1.2 to =45,2
=27.2 -1.5 to =52.9
3 Average fraction farm flooded
in '65 & '67 -11.0 - 1.2 to -20.8
4 Fraction farm in 5-25 year flood
zone -17.9 5.3 to =41.1
Average fraction farm flooded
in '65 & '67 ~10.3 = .9 to =-19,7
"28.2 4.4 tO -6008
5 Fraction farm protected by private
levee 35.4 20.2 to 40.6
Average fraction of farm flooded
annually, 25 year period ~54,7 -16,4 to =93.0
~-19.3 3.8 to -52.4
6 Average fraction of farm flooded
annually, 25 year period 24,1 4.7 to =52.9

*The complete estimated regression models are displayed in Table 5.

a/ Because the flood risk variables enter as multiplicative dummy variables,
the mean used in the evaluation is that for the subsample of unprotected
farms only.

b/ All flood risk variables included are significant at a .20 level or higher.
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subsample. The other information for each variable is a "90% confidence
interval." This interval is the range within which the true value of
the coefficient can be expected to fall nine out of the ten times (or
90% of the time). 1In those regressions which include more than one
flood risk variable, it is appropriate to add the mean-evaluated
coefficients to obtain the total effects of the flood risk variables

and approximate accurately to add the bounds of the confidence intervals.

The results displayed in the table contrast rather sharply with
those presented for the unprotected area only with respect to the effect
on the per acre differential of including a variable for the fraction of
the unprotected farm behind the private levee. It was seen earlier that
when examining the sample of unprotected farms alone the inclusion of
the "fraction leveed" variable had the effect of essentially eliminating
any average differential among these farms due to flood damage. On
the other hand the interpretation of regression 5 presented in Table 6
(and other similar regressions not shown here) shows that even after
taking this protection into account the value of land per acre is about
$17 lower in the unprotected area than in the protected area due to
flood damage in the farms.

Examining the magnitude of the differential indicated by these
various variables, the average differential is found to be about $25
with a confidence interval ranging from about zero to $50. It is
emphasized that these are average values per acre across the whole of
the unprotected area. The discount associated with flood damage for

any given farm within the area depends on the fraction of the farm in
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the various flood zones and the extent of the protection afforded it by
the private levee.

Representative regressions comparing the land values of the flood
free upland area adjacent to the flood plain study areas and those of
the unprotected flood plain area are shown in Table 7. The table has
the same general format as the previous ones, and sample size is again
112. In general the fraction of the variance of the dependent variable
explained in this casé is somewhat larger than in the first comparison:
approximately .81 vs. .65. The better fit in the present case is
attributable to the greater variance in both the dependent andlindepend-
ent variables which results from the heterogeneity of the two areas.

There are several major differences between the basic models used
in the two comparisons. One major difference is the addition of the
topography dummy variables in the uplands - unprotected regression. As
mentioned earlier these variables should be interpreted relative to a
farm being dominantly level. The magnitude of the discounts associated
with the increasing degrees of roughness are in keeping with our
expectations. The other, additional variable in this model is the
fraction of the farm in crops. This variable was not significant in the
protected-unprotected comparisons probably owing to the very small
variance in the variable for farms located in these areas. There is,
however, a considerable variance among the farms in the upland area and
between the two areas. Evaluated at the mean, the coefficient indicates
a premium of around $20 per acre for a farm having the average of 78%

of its land in crops.
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Flood Risk Combined Upland and Unprotected Areas

Tab}e 7

. , rilssouri River Analysis
Regression Analysis of Land Value Differential Associated With

(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

Dependent variable:

per acre valua of land without

(2.08)

129

improvements
(1) (€3] %) (5) (6)
Constant 331.4  338.0  338.3  352.6  325.1  314.9
(5.96) (6.23) (5.91) (6.32) (5.72) (5.72)
Rolling "16.8 "414:1 -4306 -44.8 "23.3 "18.1
] (1.10)  (2.06) (2.11) (2.18) (.92) (.83)
Steeply Rolling -30.9 -58.0 ~-61.7  -61.5  =37.0  -32,2
(1.51) (2.35) (2.43) (2.42) (1.28) (1.22)
Hilly -78.0 -101,6 <102.6 =104.4 -83.6 -79.0
(3.33) (3.94) (3.85) (3.92) (2.89) (2.93)
Fraction farm in crops 30.5 31.3 35.1 -33.4 33,5 33.9
(1.36) (1.46) (1.58) (1.51) (1.56) (1.60)
Fraction farm in Soil Classes
I&II 133.8 137.0 137.8 138.4 127.8 127.9
' (2.79)  (2.99) (2.92) (2.92) (2.76) (2.80)
Fradtion farm in Soil Classes
III 39,5 37.2 43,6 40.6 32.8 35.4
(.88)  (.86) (.98) (.92) (.76) (.83)
Fraction far:ni in Soil Classes '
IV & V -5005 -4258 -4603 -4755 -4409 -4494
(1.27) (1.13 (1.18) (1.21) (1.13) (1.18)
Log Total Acres ©19.0  <l4.6 - <14.6  =17.1  ~15.2  -l4.1
(3.72)  (2.,90) (2.61) (3.33) (2.75) (2.80)
Improvement on large farms 430 2332 .355 390 .308 300
(2.42)  (1.93) (1.98) (2.21 (1.77)  (1.74)
Appraiser 1 25,4 27.0  25.3 24,0 25.8 23,2
(2.30) (2.09) (1.98) (2.12) (2.00)



Table 7~ (cont'd)

Migsouri River Analysis

Régression andlysis of Land Value Differeniial Associaced With

Flood Rizk Combined Upland and Unprotected Areas

(Coefficients are in Dollar Terms; Student t Statistics in Parentheses)

Dependent variable:

per acre value of land without

29,2

130

improvements
(1) ) 3) (%) (5) (6)
Appraiser 2 1.24 -2,81 -2,67 -2,07 -3.17 -3.30
(.08) (.19) (.18) (.14) (.22) (.22)
Appraiser 3 11.0 4,20 1.22 3.31 4.63 3.37
(.68) (.26) (.07) (.20) (.29) (.21)
Appraiser & -2,.88 -5.59 ~7.12 -4,42 -9,95 -11.2
(.19) (.39) (.47) (.30) .67) o77)
Appraiser 5 - 23,3 24,7 17.6 18.7 25.7 23.8
(L.62) (1.76) (1.22) (1.30) (1.81) (1.71)
Fraction farm in 1-5 year
zone -6818 -2909
(2.73) (.70)
-Fraction farm in 5-25 vear
zone -27.3 -31.2 -53.9
(1.37)  (1.44) (1.89)
Average fraction farm-
flooded '65 & '67 -19.2
(1.07)
Fraction farm annually
flooded 25-year pariod -155.8 -255.0
(2.84) (3.09)
Fraction farm protacted 46.6 62.8
by levee (1.32) (2.98)
R? .808  .829  .818  .816  .833  .832
F 28.8 26,7 28.4 25.7 29.3



With respect to the soil class variables, there is a marked con-
trast between the two comparisons. In the present case there is a
substantial premium assigned to farms with better soils and a substantial
discount assigned to those with the poorer soil, with soils of average
quality having no real influence on the value of the land. Heuristically,
the situation again appears to be one of using the Class III soil as a
benchmark from which to value better or worse soils. The remaining
variables in the basic model have already been discussed.

The addition of the flood risk variables to the basic model increases
the explanatory power of the model significantly. Note that in this case
the dummy variable indicating Missouri River frontage has been omitted
because in the analysis of the unprotected sample farms alone and the
protected-unprotected area comparison was insignificant. Interpreta-
tions of the flood risk variables are presented in Table 8. Probably
the most striking feature about these results in their consistency with
those for the protected-unprotected comparison. - On balance the average
per acre differential in the value of land between the flood plain area
protected by a private levee and the flood free upland area associated
with flood damage after having taken account of differences in productivity,

topography, and location is about $25.
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Table 8

Estimates of the Average Marginal Difference in Land Values Per

Acre Between a Non-Floodplain Flood-Free Area and an Area

on the Floodplain Protected by a Private Levee*

90% Confidence

Regression Coefficient Interval
No. Flood Risk Variable b/ Evaluated at the Mean a/
2 Fraction farm in 1-5 year flood
zone $ - 6.2 $§ -2,5 to $ -10.1
Fraction farm in 5-25 year flood
zone 24,1 4,7 to -52.9
-3003 2.2 tO -63110
3 Fraction farm in 5-25 year flood
zone -27.6 3.9 to -59.1
4 Average fraction farm flooded
annually, 25 year period -35.2 -13.9 to -56.5
5 Fraction farm in 5-25 year flood
zone -47.6 - 1:9 to "9303
Fraction farm protected by private
levee 37.3 - 9,0 to 83.0
-1011 -10.9 tO -10:3
6 Average fraction farm flooded
annually, 25 year period -57.3 -27.2 to -87.4
Fraction farm protected by private
levee 55.5 36.9 to 74,1
108 907 to -13.3

*The complete estimated regression models are displayed in Table 7.

a/ Because the flood risk variables enter as multiplicative dummy variables,

the mean used in the evaluation is that for the subsample of unprotected

farms only.

b/ All flood risk variables included are significant at a .20 level or higher.
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APPENDIX A
The Problem of Specification Error and the
E.R.S. Estimation Procedure

The purpose of this appendix is to discuss the procedure adopted by
E.R.S. in conducting.their regression analysis in light of the general
issue of specification error. The discussion which follows is based
rather explicitly on the treatment of this topic by Goldberger, and the
notation is the same as his in his treatment of the classical linear
regression model. ™ Wg will begin by briefly describing the procedure
actually used and then shall discuss the several points at which
specification error might occur and the probable seriousness of the
problems.

It is useful to think of the E.R.S. procedure as consisting of three
steps, the third of which produces an estimate of the extent of the
association between flood risk and land value. The first step consists
of the estimation of a model of the following form for farms located in
upland (flood free) areas.

Y=X B+ €
where
Y is the (T x 1) vector of observations on the regressand,
X is the T x (I + H) matrix of observations on the regressors,
B is the (I + H) x 1 vector of coefficients,

€ is the (T x 1) vector of residuals,

* Arthur S. Goldberger, Econometric Theory (New York: John Wiley
and Sons, 1966).




T is the number of observations,
H is the number of regressors.
The second step involves substituting the values of the same independent
variables of flood plain farms (Xil) into the resultant regression and
obtaining an estimated value of the farm per acre, Y. In the third -
step the difference between the estimated and actual dependent variable
was regressed on flood risk variables (XZ) or
2 A 1
Y=(Y-Y) =X, B, +¢
The next several statements set out a standard specification error
framework. Following this various implications for the E.R.S. procedure
are discussed.
Assume that the complete model to be estimated is of the form
(1) Y=X B1~ XpP2t &
where X; includes H regressors and X, contains K-H regressors. Then
2 Y-X1 Pl = X2 pz + £
which suggests that an estimate of By could be obtained by regressing the
residuals from the regression of Y on X1. Computationally, bl is
estimated as
1 -1 1
3 b= X XY
so that
b Y=¢Y by = Ly taly-
(4) Y=Y-Xb =Y-X (XX) X Y=M7Y
1

1 -1 .1
where M1 =1« x1 (X1 Xl) Xl ' .

then regressing these on X, to estimate B,

~ 1. .11 : :
(5) by = (X X)) Xy My V)




Now then the estimate of B, from a full regression of Y on X; and X,
together is
1 -1 ,.1
(6) by = (X9 M Xyp) (x2 M1 Y)

Thus comparing (5) and (6) it is seen that

~ 1 - 1
(7) by = (X3 X,)"" (Xp M, X,) b,
- 1 -1 1 1 _-1.1 -
=/ 1I- (X3 Xp) X, ¥ X %) X X,/ b,
Therefore.zz # by unless X% X, =0 or b, =0.

It is also clear that the estimator of B1 obtained in (3) would not be
identical to that obtained from a full model; specifically

(8) by = b, + Bb,

1 -1 1
where B = (x1 xl) xl X2

With specific reference to the E.R.S., procedure, it is possible that
there exists a systematic relationship between some of the X; variables
which include soil qualities and fraction of the farm in various uses
with X, which are various measures of flood risk including simply being
on the flood plain. This problem probably does not affect the first
step of the analysis significantly, but the use of the upland coefficients
for the flood plain farms for which are would assume X{ X2 £0 is a
problem of greater significance and one which is discussed in greater
detail.
To see this more clearly assume that the model actually estimated is of
the form

(9 Y= Xy Bl + 5*

(10) where £* = X, By + €
This assumption is being based on the presence of the approximately 30%

unexplained variance in Y resulting from the estimation of (9).



From (8) above it is clear that
(1) Eby=Eb +BEby=B +PB,
so that the estimates of By will in general be biased.
Further, in the second step, that of regressing Y on By or in the E.R.S.
case a rather special case of the residuals on the flood frequency and
probability variables.
It is also evident that the regression
(12) Y=2X, By + ™"
(13) where e = . X; (by - By) +
is generally biased. That is from (7) above

> - 1 _ .-l 1, .-l 1. <
(14) E b=[TT - (X; X5) = X, X; (X1 X;) X, X,/ E by

B, - (x; xz)'1 x; X, BB,

In short this bias is attributable to the fact that there is specification
error; a generalized linear regression model and not the classical is
appropriate in this case since the disturbance term e** does not have a
zero expectation.

Having gone this far we pause to question the importance of each of
the several points raised above. The first point is the extent to which
important variables have been omitted from the analysis or more exactly
from regressions of flood plain farms, upland farms, and combinations of
the two (step 1 of the E.R.S. analysis). It is difficult to specify
variables of major importance which might have been omitted, although

the specification and measurement of some of those included are certainly

weak. In brief, this is a general problem confronted in the estimation



of this type of a model and are not particular to this case nor
particularly strong here. The second point concerns the use of upland
coefficients to determine a calculated price/acre of flood plain farms.
There are two aspects of this question which deserve careful considera-
tion. The first is whether or not the coefficients of only the
variables included in the regression for upland farms are significantly
different from the coefficients of the same variables estimated in a
regression of flood plain farms only. The second aspect deals with the
question of whether or not the coefficients of the flood plain farms
estimated as indicated in the previous sentence are significantly altered
by the introduction of flood plain variables into the regression; put
differently, the question is whether or not Xi Xzyé 0 for flood plain
farms. It should be noted that significant differences between the
coefficients in either case are sufficient to show that the ultimate
estimates of the effect of flood risk on land prices is biased.

The statistical evidence on these points is quite conclusive. First
concerning the issue of whether the coefficients of the same regression run
separately for upland and flood plain farms are the same, it is clear that
they are not. In regressions using sale price per acre (gross price per
acre) which was the same as that estimated by E.R.S. for the Upper Wabash
except that a year trend variable was substituted for the separate year
dummies and multiplicative dummies were employed for the value of
improvements variables instead of additive dummies, and a variable for
the fraction of farm in crops was added, the quality of soil variables

and fraction of farm devoted to crops variable were significantly different



from zero for the upland farms.* These same variables, however, were not
significantly different from zero for flood plain farms; but they were
significantly different from the same upland coefficients. The fact that
these extremely important variables have such markedly different effects
between the two locations argues strongly against the employment of one
set of coefficients to represent the other.

With respect to the effect of adding flood risk or flood damage
variables to the regression of sale price/acre of flood plain farms,
Table A-1 shows that the changes in other coefficients are significant.
A description of most of the independent variables is provided in the text.
Net price per acre is the sale price less the value of improvements. The
year-risk variables are multiplicative dummy variables one of which takes
on the value of the average annual fraction of cropland flood over a 25
year period if the sale was made between 1952 and 1957 and zero otherwise;
the other takes on non-zero values if the farm was sold after 1956. The
positive sign of year-risk before 1957 indicates that a premium was paid
during this period, after accounting for simple trend considerations. This
reflects presumably the increase in protection which was afforded this
reach of the Wabash in the early fifties. The positive sign of the final
independent variable was anticipated, as it reflects a bonus paid for
flood plain land subject to léss flood risk. This compares, for example,
with a discount of about $70 per ‘acre for farms which front on the Wabash.

These points are only incidental to the thrust of this discussion. Of the

* For a description of the original form see the E.R.S. report,
Vol. 1, Part II, p. 137.



seven independent variables included in both regressions, three differ
significantly between the form which does not include the flood risk
variable and that which does.

In summary, on the basis of the empirical evidence just presented
it seems quite clear that the statistical procedure adopted by E.R.S.
has led to bias estimates of the effect of flood risk on land values

in the Upper Wabash area.



TABLE A-1

REGRESSIONS FOR UPPER WABASH FLOOD PLAIN FARMS

Constant

Warrant

Contract

Expansion

Year of Sale

Log of Total

Acres

Yr-Risk
Before '57

Yr-Risk
'57 or After

Fraction of Crops in
25 Year Flood Zone

R2

2 Two-tail Test

Student t statistics appear under the coefficients,

Net Price Net Price
Per Acre Per Acre
92,2 28.1

.70 . 24
4.50 71.4
1.19 2.09

59.8 80.9
1.01 1.56
74,2 48.6
2.20 1.59
9.68 12.8
1.41 2.11
-23,6 -48.0
1.08 2.32
7.26 20.1
.70 2.01
47.9 45.0
.70 .76
174.3
3.12
.281 471

Test for Difference
of Coefficients

significantly different
at 1% level?

significantly different
at 20% level?

significantly different
at 20% level?
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Appendix B
General Characteristics of the Wabash River Basin
and the
Selection of the Study Areas

1/

The Wabash River Basin encompasses an area of 33,100 square miles.=
The basin includes a small portion of the State of Ohio, the major part
of central and southern Indiana, and the southeastern section of
Illinois. The length of the basin is about 285 miles and its maximum
width is about 190 miles. The Wabash River, a major tributary of the
Ohio River, originates in Mercer County, Ohio and flows in a northwesterly
direction to the vicinity of Huntington, Indiana and thence generally
southwest to its confluence with the Ohio River between Mount Vernon,
Indiana and Shawneetown, Illinois. The principal tributaries of the
Wabash inc%ude the Salamonie, Mississinewa, White, Embarass, Little
Wabash and Patoka Rivers. |

The terrain of the basin varies from nearly flat to gently rolling
plains and lowlands in the north and central portions of the basin to the
relatively strong reliefs of the Crawford and Norman Uplands in southern
Indiana. Natural drainage is frequently poor in the level areas. Coal,
interbedded with Pennsylvania shales and sandstone, is found in the

southwestern part of the basin in the Wabash Lowlands, Mount Vernon Hill

1/ The discussion in this section is based primarily on the fol-
lowing sources: U, S. Department of Agriculture, "Wabash River Basin
Comprehensive Basin Study: Appendix H, Agriculture" WAC Review Draft,
September 1968 (mimeographed). The Wabash River Basin: Water Resources
Planning (Brochure prepared by the U. S. Army Corps of Engineers and
cooperating agencies; no date, number of publisher given). Ronald R.

Boyce (ed.), Regional Development and the Wabash Basin, Urbana: University
of Illinois Press, 1964,




Country, and Springfield Plain areas. It is currently strip mined in
the eastern portion of this area. Petroleum and natural gas are also
produced from a number of pools located principally in the Mount Vernon
Hill Country, Springfield Plain and the Southwestern part of the Wabash
Lowland physiographic units,

The climate of the basin is classed as humid continental. Rainfall
is fairly well distributed throughout the year. Average annual precipi-
tation varies from 36 inches in the northern part of the basin to 45
inches in the southern part, The average precipitation during the
growing season (April through November) is 26 inches., The average growing
season varies between 145 to 200 days over the basin,

The largest single economic activity in the Wabash Basin is farming.
The agricultural sector is highly productive and the basin's location
conveys additional advantages from its favorable marketing position.
Manufacturing is the nextlsignificant major economic activity and is
concentrated in east-central Indiana.

The basin's farms produce a wide variety of crops ranging from
extensive acreages of corn, soybeans, wheat and oats to the intensive
production of commercial fruits and vegetables, Feed grains, hay and
pasture support a large livestock population. The major livestock enter-
prises are the production of pork and beef. The major types of farming
regions are delineatgd in figure 6.

Flood Problems

The major portion of the Wabash and many of its tributaries flow

through flat terrain with relatively poor natural drainage. Streambeds




have relatively little slope and shallow streambank. The gradient of
the Wabash River, for example, averages approximately l% feet per mile,
ranging from approximately 4 feet per mile.in the headwaters to about
0.6 feet per mile near the mouth.zl The nature of the terrain precludes
extensive major impoundments of water.

The flood plains comprise something over a million acres, one-half
of which is leveed. The major flood damages occur on the exposed flood
plains located primarily in the southern one-third of the basin.él There
have been 15 major floods on the Wabash since 1875. Estimated flood
damage from the 1913 flood was $30 million; from the 1943 flood, $21
million; and from the 1950 flood, $6 million, all in 1953 dollar terms.&/

The "Water Resources Planning" brochure states that "... the average
annual damages in the basin, as reduced by the limited flood control
works build to date, presently amount to about $35,000,000."§/ This
estimate seems high considering that the damages from the 1913 flood
(generally the flood of record in the basin) was estimated at only $30
million in 1953 dollar values. An estimate of current average annual
damages for the mainstem of the Wabash River (reaches W-1 through W-9)

places the average annual damages at $3.8 million after allowing for

2/ Ronald R. Boyce, Regional Development, op. cit., p. 43.

3/ 1bid.
4/ 1Ibid.

5/ The Wabash River Basin: Water Resources Planning, op. cit.,




6/

protective works now in place.=' Nearly half (49.4 percent) of this
damage amount is attributed to agricultural crop damage and another 42,2
percent to noncrop agricultural damages. The remaining damages are
distributed about equally between damages to transportation facilities,
levees and urban areas.l/

Floods in the Wabash Basin are primarily late winter -- early spring
floods resulting from a combination of rainfall on frozen or saturated
ground and snow melt. Late spring or summer floods are usually the result -
of convection-type storms of limited aerial extent. Kates, in his study
of seasonality of flooding in the Ohio River Basin,§/ found that flooding
in the Wabash and White Watersheds was less seasonal (less concentrated)
than in the other major watersheds of the Ohio Basin. The cumulative
concentration of flood events by months did not exceed 70 percent until
the month of May, and the mode of occurrence was March-April.gl Thus,
flooding ip the basin encroaches on the crop-planting and early growing
season to a much greater extent than in other watersheds of the Ohio Basin.

In 1967, the COE reported that there were 28 separate Congressional

Resolutions outstanding which requested study of portions or all of the

6/ Data supplied by the Louisville District Office, U. S. Army
Corps of Engineers.

7/ The COE data for urban damages are residual to all local protec-
tion in place or authorized.

8/ Robert W. Rates, "Seasonality," In: Gilbert F. White (ed.)
Papers on Flood Problems, op. cit., pp. 115-128.

9/ Modes were March for the northeast and northcentral portions of
the Ohio Basin and along the mainstem of the Ohio River and January-
February for the southern tributaries of the Ohio,
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10/

Wabash River Basin. The earliest comprehensive report of survey scope

dealing with water resources of the Wabash Basin was completed in 1932.ll/
This survey found that improvements of the Wabash River by the Federal
Government were not advisable at that time. A subsequent report in 1944
concluded that flood control by levees would be the most attractive.
improvement from a financial viewpoint;lz/ Since the 1944 report, which
lead to the authorization of several Federally-financed levee projects,
emphasis was switched to construction of multipurpose reservoirs as the
primary flood control medium. The reservoirs are operated primarily for
flood control purposes but also fulfill low-flow augmentation and water-
based sport and recreation functions.

Presently there are six Federally-financed reservoirs in the basin:
Monroe, Cagles Mill, Mansfield, Mississinewa, Salamonie, and Huntington.
Construction of five additional reservoirs was authorized by Congress in

13/

the Flood Control Act of 1965. In addition, the Third Interim Report

14
found favorably for five additional reservoirs."/

10/ U. S. Army Engineer District, Louisville, "Wabash River Basin
Comprehensive Study," Interim Report No. 3, Vol. III, p. 2.

11/ U. S. Congress, House, Wabash River, Ohio, Indiana and Illinois,
H. Doc. 100, 73rd Cong. lst Sess., 1932.

12/ U. S. Congress, House, Wabash River and Tributaries, Indiana
and Illinois, H. Doc. 197, 80th Cong., lst Sess., 1944,

13/ See: U. S. Congress, Senate, Lafayette and Big Pine Reservoirs,
Wabash River Basin, Indiana, S. Doc. 29, 89th Cong., lst Sess., 1965.
U. S. Congress, House, Lincoln, Clifty Creek, and Patoka Reservoirs,
Wabash River Basin, Indiana and Illinois, H. Doc. 202, 89th Cong., lst
Sess., 1965.

14/ Interim Report No. 3, op. cit., The Interim Reports are so
called because they are part of a Wabash River Basin Comprehensive Study
scheduled for completion in 1969. Originally four Interim Reports were
planned.
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Prior to Federal assumption of the financial responsibility for
flood control work, reliance for flood protection was placed primarily
in levee construction, either through individual efforts or through
local levee districts. The Corps has incorporated many of these privately-
owned levees and built additional levees into an extensive system,
particularly along the lower reaches of the Wabash. From examination
of topographic maps it appears that almost all areas in the Basin where
the ratio of area protected to levee miles required is favorable are
receiving some type of levee protection. Many of the private levees are
inadequately designed and maintained but even a small levee can be
effective in preventing inundation from the frequent small floods.lil

In the process of this study essentially all the flood plains in
the Indiana portion of the basin that were accessible by automobile were
examined, The general impression one receives is that the flood risk is
recognized by the majority of the flood plain inhabitants and adjustments
have been taken to minimize risk. Where topography permits, farmsteads
have been located off the flood plain or to take advantage of higher
elevations within the flood plain. In the areas of extensive flood
plains (Knox and Sullivan Counties), the type of agriculture is such that
on~farm residency is not required and the rate of abandonment of existing

structures appears high. In this area, there are some low-grade summer

15/ There are 145 named levees in the Wabash Basin, with the majority
constructed by private interests. In addition, there are other smaller
levees that the COE has not named or enumerated. Source: Map #1, Existing
Levees, Wabash River Basin Emergency Flood Control Activities, January
1966. Obtained from Louisville District, U. S, Army, Corps of Engineers.




-

homes or fishing shacks located behind leveed areas but most substantial
housing is located so that the main inconvenience from all but the

largest floods would be isolation. The farming areas behind levees are
cultivated. Corn, soybeans, some wheat and an occasional field of
alfalfa were observed in the summer of 1967 and 1968. In unprotected
areas, crop production appeared restricted primarily to corn. The acreage
of idle and uncleared land was proportionately greater. There is little
fencing in the flood plains, apparently because the types of farming

undertaken do not require extensive fencing.

Selection of Areas for Investigation

The primary criteria for selecting areas for investigation of the
land value approach within the Wabash Basin were (a) to represent as wide
a range of topographic and flooding conditions within the basin as
possible, (b) to choose areas that were reasonably favorable to a land
value approach, given the first criterion, and (c) within each area chosen,
to include a sufficient number of counties to insure that an adequate
number of farm sales would be obtained. The areas were chosen after
consulting with personnel in the Louisville COE office, after making a
reconnaissance tour of the major parts of the basin, and after conducting
a pre~test of planned data collection activities in Knox County, Indiana
to determine the number of observations that could be expected over a
given time period. The counties selected for this study are not neces-
sairly representative of all agricultural areas in the basin or portions

of the basin affected by flood control projects. However, conclusions



about techniques and principles should have relevance to similar agri-
cultural areas both within and outside the Wabash Basin,

Since the purpose of the investigation was to determine the relation-
ship between agricultural land values and flood risk, areas with large
urban centers were excluded because urban site values may unduly affect
the price of agricultural land and because the large number of urban lot
transactions make deed searching time-consuming. Counties excluded from
consideration for this reason were Marion (Indianapolis), Vigo (Terra
Haute) and Tippecanoce (Lafayette).

A tier of counties along the East Fork of the White River in the
Crawford and Norman Uplands and the Mitchell Plain wére also considered
unfavorable for a land value check because these counties contain large
holdings of Federal and State forest lands that would complicate land
value determinations, The White River is deeply entrenched and what
farming is found on the narrow flood plains appears to be of subsistance
nature,

The regression analysis planned for the study depended importantly
on being able to locate tracts of land on topographical maps to facilitate
determination of flood risk. United States Geological Survey (USGS)
topographic maps for the Indiana portion of the basin were available in
7%-minute quadranglés (scale of 1:24,000). The mapping of the 7%-minute
quadrangles was much less advanced in Illinsis and only 15 minute maps
were évailable for most areas of Illinois. The greater scale of the

7%-minute maps favored the choice of counties in Indiana., Since working




in only one state would facilitate some data collection activities, it
was decided to confine the study to counties in Indiana.

From the remaining counties, three sample areas containing e;ght
counties were designated for the analysis of land market transactions.
The counties and areas chosen were:

(1) Knox and Sullivan Counties in the Lower Wabash area.

(2) Carroll, Cass, Miami, and Wabash Counties along the upper

reaches of the Wabash, and

(3) Bartholomew and Jackson Counties in the White Subarea,

Brief descriptions of each of these areas is presented at the beginning

of Chapter III and are not, therefore, repeated here.
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Appendix C
Data Sources and Collection for
Wabash Basin Application

Data Sources

The general sources of data utilized in this study included public
records at the county level; U. SE Geological Survey topographical-
maps; USDA Soil Conservation Service soil maps and reports; county plat
maps; aerial photographs obtained through the Agricultural Stabili;ation
and Conservation Service, USDA; COE working material, an& miscelianeous
primary and secondary data on file with the Nortﬁ Central Resource
Group, Economic Research Service. The public records at the county
level include warranty deeds and contracts of sale reglstered with the
County Registrar of Deeds and farm appraisal data from the Offices of
the County Assessors and County Auditors.

Property Records

The property records on file with the County Registrar of Deeds
include deeds of sales, contracts for sale, and mortgage inétruments.

Information available from the instruments include:

Type of instrument Acres transferred

Date of recording Sub-surface rights reserved
Date of sale Special convenants and easements
Grantor-grantee Price paid

Legal description Federal Revenue Tax paid

Some of this information was directly usable, the remainder was useful

in determining if the property sold could reasonably be expected to be



agricultural land and if the sale was a bona fide transaction between a
willing buyer and seller dealing at arms length. The data for analytic
purposes included the date of sale, price paid, legal description, acres
transferred, and mineral or other rights reserved.

Assessment Records

The State of Indiana is currently on a seven-year real property
appraisal schedule. The last Statewide appraisal for tax purposes was
made in i96i.. Another appraisal was scheduled for 1968, but the records
available for this studyireflected the 1961 appraisals updated to reflecg
physical changes since 1961.1/ Real property is assessed at one-third -
of its appraised value,

The County Assessor maintéins an office file of the actual work-
sheets used by the appraisers. In addition to the usual assessment data,
these cards provide .considerable information on the physical features of
each tract; including acreage of land by use and grade, topographiéal':
features, and building grade factors. The use of appraisal data always
raises questions of accuracy and consistency; however, appraisals are
the only practical source of building value data. The informati;n on
physical features were checked against the other data sources (deeds,
maps, and aerial photographs).

Maps and Photographs

A complete set of USGS topographic maps were assembled for each

area, They were taken to Louisville where they were matched to COE

1/ The counties maintain only the last proceeding appraisal in an
inactive file. Thus, the existence of adequate appraisal data is likely
to be the major obstacle to the collection of sales data over any extended
period of time.



flood plain charts. The inundation limits of natural or synthetic floods
for a range of exceedence frequencies was transferred to the maps and
provided the basis for flood risk determination for flood plain sales.

In the editing process the boundaries of each flood plain tract sold were
located on the topographic map. All upland sales were spotted on the maps
to check for any unusual topographic conditions that might affect the sale
(quarries, frontage on small streams that might present local flooding
hazards, etc.).

Ownership plat maps were obtained locally or from commercial
sources.g/ The plat maps, together with the legal descriptions of the
tracts sold, were used to check locations on the topographic maps and
aerial photographs. All plat maps were current (1963 to 1966) except for
Miami County for which only a 1957 map was available.

Index sheets (a photograph of all aerial photographs of a county laid
out in proper spatial relationships) were obtained for each county with
the intention of ordering enlarged photographs of the relevant areas of
the county. However, the index sheets, with magnification, were found
usable and advantageous for easier location of each tract. Every tract
for which a data schedule was obtained was located and examined on the
photograph. All counties had been photographed since 1960.

Soil maps Qere available for Miami, Cass, Carroll, Knox and Barthol-
omew Counties. Wabash, Sullivan and Jackson Counties are being surveyed
but only generalized soil maps were available for this study. The use

of the soil maps is discussed in a later section of this report.

2/ Rockford Map Publishers, 4525 Forest View Avenue, Rockford,
I11. 61108.



Data Collection

Farm sales data were collected from county records in the eight study
counties by enumerators hired from the Statistical Reporting Service,
USDA. The first stage of data collection involved a search of deed
record books to record all eligible sales between the dates assigned for
each county. 1In the lower Wabash and White Subarea, the dates were from
January 1, 1964 to December 31, 1966. The dates were chosen on the basis
of a pre-test in Knox County which indicated that about three years of
sales records would yield an adequate number of flood plain sales for
statistical reliability. The dates initially chosen for the Upper Wabash
were the calendar years 1955-56, 1960-61 and 1965-66. 1In these counties
it was desired to have data on farm sales over a spanof time in order
to investigate the effect of flood risk reduction of flood plain land
values, Inadequacies in earlier assessment records determined the start-
ing date of 1955.

The enumerators were instructed to record all real estate trans-
actions in their assigned counties that could be considered bona fide sales
of agricultural land. The enumerators were instructed to consider all
sales of sizablel/ tracts of land to be sales of agricultural lands if

the tract was located in an open agricultural area of the county, and if

3/ The enumerators were instructed to record only sales of 10
acres or more. This minimum acreage was deliberately set low to deter-
mine if these small acreage sales could be used to supplement the number
of usable observations. However, it was found that sales of tracts
containing between 10 and 19 acres contained a disproportionafely high
percentage of purchases for residential purposes. Consequently, the
final analysis was based only on sales of 20 acres or more,



it was carried on the assessment records as a farm. Sales within cor-
porate limits or sub-divisions as well as sales to which one of the
parties was a business or corporation not clearly identified with farming
were not taken, Each tract was checked further in the office by examin-
ing aerial photographs for locational attributes that might affect sale
price.

The enumerators were not asked to determine if the sale could be
considered bona fide. Instead they were given a set of criteria defining
ineligible sales (i.e., sales that prima facie could not be considered
bona fide). Transactions were considered eligible if (1) they were
general or special warranty deeds or land contracts, (2) they carried
tax stamps or a statement of price paid, and (3) they were not disquali-
fied for any of the following reasons:

(1) The special warranty deed was given to settle a tax claim or

ﬁortgage foreclosure.

(2) The transaction was for the purpose of granting an easement

or quit-claim.

(3) The transaction was made as a gift or divorce settlement, a

life estate was retained, or the sale was for reconveyance,

(4) Personal property that could not be valued separately was

included.
(5) Only timber or subsurface rights were transferred.
(6) An undivided partial interest was granted. (However, the

transaction was recorded if undivided partial interests were



conveyed, as in the case of a buyer assembling partial
interests from several heirs, and all interests could be
accounted for).

(7) The transaction involved a corporate deed or a business firm

not clearly identified with farming purposes.

Most deeds between private interests are general warranty deeds.
These are "strong' deeds because the grantor warraﬁts the title to be free
of defects. In the case of sales by court-appointed trustees or admin-
istrators, it is common to give a special warranty deed that limits the
personal liability of the administrator. If the special warranty was
given to settle an estate (the most common use) the sale was considered
bona fide but special warranty deeds given.for other reasons (rule 1)
were eliminated because of the forced sale element.

One common method of transferring-property between generations within
a family is to convey the land by transferring partial interest (as
between father and son). Since an element of gift may be involved, these
transfers were ruled ineligible (rule 6). Sales for reconveyance (rule
3) are frequently used to clear a defect in title beca#se of errors in
the original instrument or to chaqgé the way in which the property is
held (to joint tenancy, for example). 1In this process the title to the
property is first transferred to a third party who promptly reconveys it
to the original party. The consideration is nominal and these are not
true sales,

The other rules were similarly designed to eliminate sales unlikely

to reflect full market value for agricultural purposes. The sales were



further checked in the office and all sales between parties of the same
surname were eliminated as possible kinship sales unless the enumerator
or other local officials knew that this was not the case. The criteria
for determining bona fide sales were made restrictive because the
anticipated sample size, geographic distribution, and time requirements
made follow-up interviews with land buyers and sellers impractical and
therefore more reliance had to be placed on the pre-specified criteria.

The schedules from this stage of data collection were checked for
completeness and accuracy and edited. 1In addition, grantor-grantee
information was transferred to a second schedule to facilitate the
collection of farm assessment data for each sale. For the second stage
of data collection, three of the enumerators (one for each area) were
instrqcted to search the county assessment records for assessment data.
In addition, the enumerators checked questionable schedules collected in
the first stage and, in thé Upper and Lower Wabash areas, made additional
searches for sales in years not originally assigned.

The search for additional sales was decided upon after the initial
returns from the first data collection stage indicated that fewer flood
plain sales thaﬁ expected had occurred in the Upper Wabash area. The
number of flood plain sales in the Lower Wabash was about as expected
but relatively few involved sales of unprotected lands. Rather than
resume a search of deed records for all sales in the years not originally
assigned, a listing was made of all flood plain landowners as determined
from the ownership plat maps. The enumerators were instrﬁcted to check

this list against records in the County Auditor's office to determine if



any ownership transfers had occurred over the period and, if so, to
record the information from the deed 'and assessment records. This pro-
cedure required less enumerator time than would have been required to
search the deed books but the time saved was offset by the clerical
requirements of compiling and alphabetizing the ownership 1list. The
procedure was not used in the White Suﬂarea because the initial returns
indicated a sufficient number of flood plain obse?vations were being
obtained.

In the éffice, the schedules were again checked and edited. Each
eligible sale was located on a plaf map, soil map (where available),
aerial photograph and topographic sheet iﬂ order to identify locational
attributes, soil characteristics, and topographic and flooding conditions.
This information was then coded and transferred to punch cards for
processing and analysis. -

In the Upper Wabash, sales were collected for the townships bordering

the Wabash River and covered a period from 1952 through 1966. After final

editing, there were a total of 406 sales recorded, of which 60 contained

some flood plain land. This included 15 sales that were subject to

flooding from minor tributary streams. Sales on these streams were not
deliberately sought but were picked-up as part of the collection of

upland sales.

In the Lower Wabash, sales in all of Knox County were collected.

In Sullivan County all sales of land lying west of Range 8-W were
selected. This eliminated three civil townships and parté of two others

that contained no flood plains. The final count yielded 334 sales
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covering the period 1962 through 1967. There were 74 sales containing
some flood plain land, of which four were along minor streams.

In the White Subarea all of Bartholomew and Jackson Counties were

originally sampled but sales from Harrison, Ohio and Jackson Townships
in Bartholomew and from Salt Creek, Pershing, and Owen Townships in
Jackson were subsequently eliminated because they lay in the Norman
Upland physiographic region. This region is heavily forested, farms are
small and differ considerably from farms in the lowland regions of the
two counties. There were a total of 199 observations after final
editing; of these, 52 were flood plain sales. The sales covered the

period of 1964-66 only,
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Appendix D
Description of the Missouri River Study Area

Three areas were selected to test the concept of changes in land
value as an indication of flood benefits. These three areas are: an
upland area where no threat of flood exists -- consequently no impaired
land value, protected area, levee unit 448-443L, and an unprotected area,
levee unit 426-419L (a unit that was proposed for construction but not
constructed). These two levee units are very similar; there being only
some 14 river miles between them. Both are agricultural, row-crop areas.
These three study areas are located between St. Joseph and Kansas City,
Missouri. The upland area is between Interstate 29 and the Missouri
River. The upstream end of unit 448-443L is about seven miles south of
St. Joseph. Leavenworth, Kansas, is about 11 miles south of unit
426-419L. Kansas City is some 30 miles downstream.

Farming operations in the protected, unprotected, and upland area
are primarily corn, wheat and soybeans. Returns per acre average from
$80 to $125 for the various type of crops reported. Almost without
exception all the agricultural operations were row crop. There were no
large feed lots observed. Tobacco is a very significant income-
generating crop but uses only small land area. A tobacco allotment was
generally reported to be worth about $3,000 per acre. Several of the
farms in this study area, and in most of the upland area,
curing barns, Tobacco acreages were in Platte County and not in

Buchannan. Most of the acreage is located in the upland.



The upland area is located in Platte County, Missouri. Approximate
boundaries of the study area are: Interstate 29 on the east, Missouri
Route 45 on the west and south, and the county line on the north. Data
from 25 sales covering approximately 3,200 acres were utilized as a
base., A major influence on land value is the proximity of the Kansas
City International Airport. This facility has been used by TWA as
an overhaul base for the past few years. Current plans are to move
the operations of the Kansas City Municipal Airport to the site by the
end of 1970. Influence of this proposed change was fairly obvious
and changes in land values far above those normally expected to occur
were observed. Action was taken to allow for this influence in the
estimates prepared for this area.

Using the 25 sales as data, the appraisers prepared 50 estimates
in the upland area. These estimates contained 7,342 acres, which is
approximately 25 percent of the total area. Some 12 of the estimates
contained land that was also part of one of the sales used. Size
of tracts ranged from 39 acres to 478.

The unprotected area levee unit No. 426-419L contains some 13,440
acres of land that would have been protected. A report, Missouri River
Agricultural levees, Sioux City, Iowa, to the Mouth (Rulo, Nebraska,
to mouth), Design Memorandum No. 1 - Levee Unit 426-419L, dated
29 May 1957, was prepared as definite project report by the Kansas City
District of the Missouri River Division, This levee unit was part of
the comprehensive plan for the Missouri River Basin authorized by the

Flood Control Act of 1944 (Public Law 534, 78th Congress, Zhd Session).
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The overall levee program was described in "Definite Project Report,
Missouri River Agricultural Levees, Sioux City, Iowa, to Mouth"

dated 17 March 1947. Proposed protective works included 24,6 miles

of levees and appurtenant structures with provisions for stability
berms and underseepage control where necessary. Approximately 13.7
miles of levees would be along the Missouri River, and 10.9 miles
would be tributary tieback levees; 0.7 miles of tieback tributary levee
would have been to provide protection to the town of Weston.

These proposed works were estimated to cost $3,720,000. The local
sponsor would have provided $320,000 of this cost. The Weston-Iatan
District was organized 9 October 1952 as the local sponsoring agency
to provide the necessary lands. This District was disbanned by an
order of the Circuit Court of Platte County dated 21 December 1963.

At the time of the 1957 report the only levees available to pro-
tect against flooding were some 11.1 miles of privately-constructed
levees. These levees have been repaired periodically under emergency
levee repair programs. A high degree of protection is provided by the
upstream reservoir system constructed by the Corps of Engineers. These
upstream structures have reduced the threat of flooding and consequently
provide protection to the area. The local people have in part of the
area constructed levees to érotect against the small frequent floods.
The last serious flooding occurred in 1965,

As previously mentioned the unprotected area contained some 13,440
acres that would have been protected by the levee program. This present

analysis covered a slightly larger area. Data used as a bése was compiled



from 11 sales covering almost 1,200 acres. Sixty-four estimates covering
12,553 acres were prepared. These estimates ranged 15 gize from 20 acres
to 1,435,

Property around Bean Lake was excluded from the analysis because of
its primarly recreational use. Records indicate that recreational use
of the lake, an oxbow of the Missouri River, has been occurring for the
past 90 years. The number and value of structures observed during prep-
aration of the 1957 report have increased during the intervening time
period. Property around Bean Lake suffered damage estimated at $141,000
in the 1952 flood.

The protected area levee unit No. 448-443L contains 16,180 acres
of land. '"Missouri River Agricultural Levees, Sioux City, Iowa, to
Mouth (Rulo, Nebraska, to mouth), Supplemental Definite Project Report,
Levee Unit 448-443L, Part I," dated 6 December 1947 and '"Supplemental
Definite Project Report, Levee Unit 448-443L, Part II," dated 11 June
1948 by the‘Kansas City District comprise the basic reports for the levee
unit, There are 14,2 miles of main stem levee and 2.7 miles of tributary
tiebacks constructed.

Cost of these works was $2,919,200 of which the Federal government paid
$2,740,000 and the local districts furnished the lands, easements, and
rights-of-way. Hall Levee District was organized to provide these local
requirements and perform the routine maintenance. This district was
organized in December 1947,

Reasons for selecting the protected and unprotected areas are

principally location, land use)and condition relative to the Agricultural Levee



Program. The upland area was selected to provide a check against the
changes identified in the protected and unprotected areas. Efforts

were made to limit the analysis to land used for agriculture presently
and for the immediate future., Land use and farming practices are similar,
there being no outstanding difference in size of farming operations in
land use. The main difference between the protected and unprotected areas
is the recreational use of Bean Lake in fﬁe unprotected area. These

two levee units were proposed for construction very early in the program.



APPENDIX E

Qualifications of Appraisers



CUALTTICATIONS AU EXPERIENTE
{48 of January 1970)

NAME James P. Landreth

DATE OF BIRTH: 24 November 1910

oo

PLACG OF DInTd: Aldcich, Minscuri, Dals County

EDUCATIOY -8 Graduated Dadeville High School 1929,
Dadeville, Missouri

Graduated Springfield State Teachers College
1933, B. S. EBducation, Springfield, Misscuri

Craduated Missouri College of Agriculture 1939,
B. S, Agriculture, Columbia, Missouri

Successfully completed Awerican Institute Appraisal Course I,
1958, Notre Dame Uaiversity,. South Band, Indiaza,

Successfully completed Amexican Institute Appraisal Course III,
1961, University of Wisconsin, Madison, Wisccasin,

Succzssfully completed a course im Soil Conservation 1954,
Cosnocton, Ohio,

Succesofally compieted a course in Salesmanship Principles
1959, Rockhurst College, Kansas City, Missouri,

Succassfully completed a course im Radiological Monitoring Train-
ing, 1963, given by U. S, Army Engineexr District, Kaonsas City, Missouri,

Successfull> cempleted a Management Institute Course 1963, given
by the St. Louis U. S. Civil Service Commiesionm,

GENERAL RXPFRIENCE IN REAL ESTATE: (23 years)

Rave a general knowledge of all the real estate problems, e.g.,
acquisition, condemnation, disposal, management, planning and control,

Employed as a farm planner with U, S. Soil Conservation Service
frcm March 1953 to September 1956, in Clay County, Missouri., Instructed
on-the-farm training to veterans from 1947 to 1953 for ths Dadaville
School Digtriet, Dadeville, Missocuri.

Bavo purchaced asd cold farmlond and eicy propertye



LP20ATSAL EXPERITNHCE YITH CORPS OF TWIGINTERS:

‘A staff appralssr frea 1955 to 1957 GS-7
As staff appraiser from 1957 to 1959 GS=-9
As staff appraiecer from 1959 to 1963 ¢S-11

As a Supervisory Appraiser, GS-12, Stockton Rescrvoir Project
from February 1963 to March 1966

As a staff appraiaer from Marck 1966 to present GS-1l1

My appraisal experience with the U, S, Army Corps of Engineers,
Kansas City District, has been in Missouri, Kansas, Nebraska, and
Colorado, making military and civil appraisals coinsisting of fee,
flowage easements, safety area eascments, waterline easczents,
azimuth marker easements, clearance easements, cahla line easements,
approach lighting easema2nts, inleasling and outleazing of buildings,
inleasing and outleasing of agricultural lands, selwasa of goverament
buildings, siting team membax, real estate requirecmant eatimates,
real estate planning reports and secured army mancuver permits,

COURT TESTIMOWY EXPERIENCE:

Federal Court Commisgsion, Salina, Kansas, 1962

Pederal Court Commission, Topeka, Kansas, 1963

Federal céurt Condemnation,. Springfield, Missouri, 1964 and 1965
SPECIAL EXPERIENCE:

Employed as a farm planner with the U. S, Soil Conservation
Service from March 1953 to September 1956, in Clay County, Missouri,

Instructed on-the-farm traiming to veterans from 1947 to 1953,
In the grocery business for myself from 1946 to i947,
In the military eervice from 1941 to 1946 and overseas for two years.

Employed by the Moorman Manufacturing Company and traveled in 18
central states frcm 1940 to 1941, .

Employed by tha Missouri Relief Commission from 1934 to 1938 as a
County Relief Director.

Owan: and operatestwo farms in Dade and Cedar Counties, Missouri,



MEMBER TN _PROFESSIONAL ORGANIZATICNS:

Member of the Missourl Sociely of Farm ilanagers aul QJural Appralears;
past member of the Liborly Zonirng Board; Past presi<:nt of the Greesnfield
Chamber of Commerce; member of the Stockton Lions Club; past president of
the American Legion, Suparintcndant of Sunday Schocl 5 yoars; Elder im
the Christian Church.



QUALTFICATIONS OF APFRAIGLER

Harry D. Word
499% Lochinvar Road
Memphis, Tennessce 38116

Date and place of birth: October 25, 1932 - Rison, Arkansas

Eduycation:
a. 1950 -~ High scliool diploma, Rison, Arkansas.
b. 1959 - BS degree in Agricultuve, University of Arkansas,
Fayetteville, Arkansas.
c. 1961 - Appraisezl seminar cponsored by the Arkansas Highway
Department and the Bureau of Public Roads.
d. 1968 - Completed Course I, American Institute of Real Estate
Appraisers
Experience:

a. 1959 - 196C 1In charge of rice, wheat and barley fertilization
experimantal plots at the Kelso, Stuttgart and Keiser, Arkansas,agricultural
experimental stations of the University of Arkansas. This was part-time
work while-a student at the University of Arkansas and was done under the
direction of a professor in the Agronomy Department,

b. 1961 - 1965 Employed by the Arkansas Highway Department as a
staff appraiser for over four yecars. More than one-half of my appraisal
experience with the Highway Department was on the interstate highway
system in rural and farmland areas. Also had appraisal experience on
both interstate and federal primary roads in both rural and urban areas.

c¢. 1965 - 1970 Employed as a staff appraiser by the Mewphis District
Corps of Engineers for approximately four and one-half years. 1In Missouri,
I have been involved in appraisal or related real estate work in the
counties of Butler, Stoddard, Scott, Mississippi, New Madrid, Pemiscot
and Dunklin. :

On April 4, 1966, I was oa TDY to the Economics
Section, Project Planning Branch, Engineering Division, New Orleans
District, for approximately 75 days. This work consisted of collecting



and developing cextair technical data for the Departmant of Housing and
Urban Development to be used to study the feasibility of establishing a
Government-sponsored flood insurance program. The study arca was in the
citrus area of New Orleans, an area heavily damaged by lurricane Betsy.

In October 1968, I was on TDY to the Appraisal
Branch, Real Estate Division, Seattle District. Work consisted of
wmaking real estate validation reportsand securing right of entry
permits.

On August 25, 1969, I was on TDY to the Fconomics .
Section, Project Planning Branch, Engincering Division, New Oclcans '
District. Made estimates of damages to real estace and personalty
and related costs due to Hurricane Camille, and assisted in preparation
of report of damages.

Have appeared as an appraisal witness in Federal.
District Courts at Joncsboro, Arkansas, in 1968 and Cape Girardeau
Missouri, in 1969.

.




QUALIFICATIONS OF ERIC P, SCRUGGS, JR.

: Appraiser
Real Estate Division
Little Rock District, U. S. Army Corps of Engineers

1.

2.

3.

b

Born: 29 January 1922, Hurmoke, Arkansas,

Public Schools:
&, Humoke School, Humoke, Arkansas (Grades 1 thru 11)°
b. Englend High School, England, Arkansas (Graduated 1939)
c. University of Arkansas, Fayetteville, Arkansas
BS in Business Admnistration, January 1954

Business College: Chillicothe Business College, Chillicothe,
Missouri (Commercial courses)

Professional Courses:

a&. General and Special Appraisal Problems. - Arkansa.s Appraisal
Instituté: Sponsored by Arkansas Public Service Commission
and Arkansas Assessors' Association., This was an annual
three-day seminar., Four of these seminars were attended by
this appraiser.

b. "Principles of Real Estate" - University of Arkansas Graduate
Institute, Little Rock, Arkansas (January-May 1958). This was
& l6-week course, meeting three hours per week. This course is
now required by law to be taken by real estate brokers and sales-
men within one year after obtaining their licenses.

¢. "'The Appraisal of Real Estate" - Southern Methodist Universit
Dallas, Texas (June 1968). This was a two-week (8 hours per day)
course offered periodically.by the American Institute of Real
Estate Appraisers and is a prerequisite to membership in the

organization.,

Appraisal Experience:
a. Arkansas Public Service Commission
(1) Statistical Clerk, November 1957 - June 1958, Assisted
statistician in compiling appraisal date.
« (2) Statistician, June 1958 June 1959, Compiled and a.ne.lyzed
appraisal, data.,

-



(3) Approiser, Junc 1659 - Februery 1962, Madc eppraisals
on recidential, commercial, industrial, and rural

<~ 7 properties for the purpose of determining ratios between

assesscd valuavion and market valuc, Prenporiies vere
appraised by this appraiser during tnis assigament in
varlous incorporated cities and school districts in 63
counties in Arkansas.

Arkansac State Highway Department. Staff Appraiser, March 1962 -
April 1966, Appraised properties for right-of-way division for .
acquisiticn, Properties appraised included rural und urban, both
residential and commercial, also farm and timberlands, and special
purpose properties, Various assignments included properties

" locatad in 33 counties in Arkansas,

U, S. Ay Corps of Engineers. May 1966 to present time. Appraiser =
Appraisals of various interests including fee simple title and estates
of less than fec simple, including several types of easements, leases,
and other interestc required for acquisitxon and disposal of
properties by the agency., )

6. fourt Experience: This appraiser has offcred expert tcstimony before
circuit courts in six.counties in Arkansas, which includes Crawford, .
Johnson, Logan, Little River, Ven Buren, and Independence and in
Chancery Court in Cross County, Arkansas, Expert testimony has also
been offered by this appraiser before the Federal Court in Little Rock,
Arkansas,

L ] ]
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QUALIFICATIONS OF APPRAISER

Harry L.-Hargrove, Jr.
156 Palisade Street
Memphis, Tennessee

1. Birth: March 26, 1911 (age 59) Mobile, Alabama,

2,

3.

Education:
a, Elementary and high school, Motile, Alabama.
b. BS in Commerce - Spring Hill College, Spring Hill, Alabama
May 20,1932, .
¢, Completed course and exams for Chartered Life Underwriter .
degree, 1937, _ : .
d. Courses in Real Estate Law, Finance and Appraising, University .
of Alabama - 1956 and 1957.
e. Civil Service Examination - February 1959.
f; Completed Course I, American Institute of Real Estate Appraisers,

.Vanderbilt University =« September 1968.

Employment relative to real estate.

b,

1952 - 54 Noble-Mustin Real Estate - Salesman and management of
rental housing project.

1955 « 59 Real Estate Broker license in Sta*e of Alabama., Member
of National Association of Real Estate Boards (Realtor),

March 16, 1959; employed in Management and Disposal Branch, Real
Estate Division, Corps of Engineers.

-October 30, 1966, appointed as appralser, Real Estate Divisionm,

Memphis District, Corps of Engineers (present position).

[
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4.

Appraisal Experience.

a.

1955 - 56, By appointment of Probate Court, Mobile, Alabama,

served as a commissioner on three occasions vo appraise

damages and compensation for U. S. Highway 43 and city of
Chickasaw sewage line easements, inveclving commercial
residential and farm property.

1966 - €9 Appraisals for Corps of Engineers oa rural properties ,
in Arkansas and Missouri, (Missouri counties: Wayne, Butler,
Dunklin, Stoddard, New Madrid and Mississippi); and for commercial
and residential leases, sale of government land, pipeline, power
line and road easements, and harbor facilities.

Federal Court - Condemnation
May Term - Judge Harper - Cape Girardeau, Missouri.
May 12 - 14 and May 18 - 21, 1969 '

August - September 1969 - 5 weeks in New Orleans District as a
member of 4-man team, estimated damages and economic loss due to
Hurricane ""Camille'. ' )



QUALIFICATIONS AND EXERIENCE

NAME ¢ . Henry R, Hudgens

DATE OF BIRTH: 7 November 1921

1. Education: Graduated from High School 1940
Attended Kansas State University 1940-1942
U.S. Air Force 1942-1946
Graduated from Kansas State University 1948

2, Experience: Veteran's "on the farm" instructor 1948-1950
County Supervisor for Farmer's Home

Administration 1950-1955

Appraiser for the Federal Land Bank . 1955-1961
Farms and ranches, alsc irrigation, .
Training of managers to be appraiser.
Appraiser with the Corps of Engineers 1961 to date
Appraising land to be purchased or for
imposition of easements when required
for Dam and Missile projects; apprais-
ing for leases, and collecting data on
farm sales for the use in estimating
fair market value for above-mentioned
item, and the cost estimate of Reservoirs,
Served ags expert witness in Federal Court
cases, .
Appraisal experience with the New York,
Seattle and Minneapolis-St, Paul Districts.

3. Appraisal schools attended:
American Inst, of R.E. Appr (Blocmington, Ind.)
Course 1 1961
Appraisal training in Federal Land Bank

4., Professionsl organizations:

Member American Society of Farm Managers
and Rural Appraisers ’

10



QUALIFICATIONS

,’..

GUS R, CLIFTON
APPRAISER
" REAL ESTATE DIVISION
LITI'LE ROCK DISTRICT, CORFS OF ENGINELRS

1. Date of birth = 29 December 1911
2. Place of birth - Western Grove, Arkansas
3. Pormal education:

0., Western Grove High School, Westera Grove, Arkansas =
Diploma - 1929

b. University of Arkansas, Fayctteville, Arkansas =
B.S.A, Degree - 1934

€.- University of Arkansas, Fayetteville, Arkansas -
Graduate Shool - 18 Semester Hours = 1950

b, Speciaiized education: ;

&. Arkensas Highway Department, Little Rock, Arkansas -
Appraisal Course - 30 Weeks, 1 Hour Sessions = 1961
b, UYeaver School of Real Estate, Kansas City, Missouri -
Diploma - 1962
. € [Arkansas Real Estate Commnission, Little Rock, Arkansas -
License - 1962
éd. General Service Administretion, Memphis, Tennessee -
Report Writing Certificate - 1954
8, University of Oklahoma, Norman, Oklahoma -
8.R.E.A, Appraisal Course - 1964
f. University of Missouri, Columbia, Missouri -
Real Estate Appraisal Course - 1968
8- Society of Real Estate Appraisers - Vice President
Central Arkansas, Chapter No. 108 (1969-1970)
. B. Charter Member - Arkansas Chapter, American Right-of=Way
Association, Executive Committee, 1969-1970.

. 5. Esxperience:

From July 1935 to Novemou. 191&3 employed by the Farmer s Home
Administration as County Supervisor and Project Manager. During this
period I was responsible for the administration of the program at dif-
ferent times in various locations, namely Pulaski, Lawrence, Randolph,
Preirie Counties and the Biscoe Farms Project.

My dueies included the making of production loans and the
supervision of the borrowers in their farming program. I was re-
sponsible for the screening and reviewing loan apnlications for real
property loans. After land purchase by the borrower, I supervised
the improvement program, such as nev building construction, renovation
of existing buildings, fence building, terracing, dvainage, etc.

11 .
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From November 1943 to August 1960 I was owner-operator of the
Clifton Lurber Cowpany ab West Fork, Arkanses. This was e retail
building supply and arpliance business. During this period I appraised
many customers' property for the purpose of building loans end insurance,
Also, I estimated material requirements for new construction and repairs.
I constructed about 100 builaings by contract, including new houses,
barns, garages, and small commercial buildings. During this period I
also bought and sold gbout 20 urban and rural properties.

From August 1960 to August 1963, I was employed by theé Arkansas
Highway Departinent as an appraiser and a reviewing appraiser. The
appraisals prepared were for the purpose of estimating market value for
the taking and damages to the remainder in acquisition for highway right-
of-wzy requirements. Commercial, agricultural, residential, industrial,
and special purpose prcperties were appraised. During this period I made
267 appraisals and reviewed 1,120 made by other appraisers.

From August 1943 to March 1965 I was employed as an appraiser
for the Memphis District, Corps of -Engineers. My duties were to prepare
tract and gross appraisals of rural, recreational, commercial, and urban
properties for acquisiticn and disposal purposes with the flood control
mission of the Memphis District. Total appraisals prepared - 210,
consisting of fee and less than fee takings.

From March 1965 to October 1665 I was a right-of-way officer
with the Bureau of Public Rcads, Chio Division. My duties were to
review all right-of-way activities of the Ohio State Highway Department
including eppraisals, negotiations, property management, clearing im-
provements from right-of-way and other related matters.

From October 1965 to the present I have been employed by the
Little Rock District; Corps of Engineers as an appraiser. My duties
are the appraisal of real and personal property for acquisition and
disposal purposes. The estate taken is fee and less than fee. I
have prepared 400 appraisals for the Little Rock District of which the
majority are an estimate of value for imposition of flowage easements.-

12
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Appendix F

Form Used by Appraisers in Making Gross Estimates
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107-108
109-110
111-112
110-115%
115=11%

117-120

121
122.123
124=-125

126-127

128-129
130-131
132-133
134=135
136
137

138

- F
Syeesa crlal i (Ui e oow s )
Al I 2 ey

.~ e~ .- - -~

R

E.:.)--‘D.:. L et ..-.n_ D‘ru .r_v-b - J—'&dn?‘i

Cr- o~ Boy . cman a iy

vwwil ------ ' -

" Po~ssonpr Yoo flimbaom o) 2aar W

Crain « ) ()
Livcatock « ) ¢ )
Dalry « ) )
Galsy axd Groiz () { )
Liveatock azd Crain « ) ¢ )

. Flood Payments: Amcunt Receilved ‘

1958, s 1967, s 1966, . s 1965,
How High was the Flood Water on This Farm in 19522

Acres Fiooded in 19653 Total Acres Crop Acres
Acras Flocdad in 1967: Total Acres Crcp Acres
Have Leveas or Barms Been Constructed Since 1965% Yes Ho wien
Valuation:
Tobaecco base acres '

House (In Plocd Plain Yes No ) $
Otuer Bldgs (In Flood Plain Yes No ) $
Acras fanczd Valuz of fencing $
Land w/o Isprovezants $ P/A = Acres = $
Cost of Drainage Imptoveaemt $

Total Yalue $
PEMARKS ¢

Quality of Opsration: Good Medivm _ ___ Poor_

Pid tha 1985 or 1967 Flocds Causa the Farmar to Alter His Operations?
If so, axplain iz what menner.

C o - o - 139

Appraiser
Date:

To be completad by ED<H

140
161
142

Aerac Floodad ) .
15 yrxo.
525 yrs.
25-1€0 yrs.




2-3
4-5

8-12
13-14

15-18

19
20-23
22

@ 23-24
25-28

29
trir 30

31-42
43-54
35-6%
67-78
79-90
91-101
102

103

LLTTIVIZ SiZET FOR HISSOURI RIVER Land VALUS Suo.Y

Farm Nimber

Ormer . Address

Ovmer Operated Temant Operated

Rental Basis: Share Crop Cash Rent

wwocation: Acres in Sec. Twp R/nz __ Courty _
K.C. Int'l Airport

Cistance froa St. Joseph PEECSRANE _

General Topography: Level Rolling

Stceply Rolling Rilly

Hissouri River Frontage: Yes o

Other Streams Fronting or Affecting

1s The Farm Subject to Sidehill Drainage Problems? Yes No

Is Levee Present? Private Yes No Pederal Yes No

Average Height Construction: Earth Combination Barth & Stone

" Other (Specify)

Acres protected by levee

$§5392298R98997899082239599R09
Is 4t Adequate for Minor Flood (1-5 yr Flood) Yes Ko
LAND: (subject to flooding)
FLOOD FREE CLASS PLOOD PLALN CLASS GROSS Ince:x

ACRES  DSE I Il MIN ¥ I II INIV V  PERACRE
- Bot. Crop. e e e e e -

Upl. Crop. e e o e

Gragsland — o

Timber Past. — e o — —— —

Timber e e o e

Rd Riv, & Waste___ ___ __ __ ___ - __ ___

Total —_—
[

Income From Recreational Use Per Year §

Appraiger Wota: 1If property protected by Federal Levee, omit 23 thru 30;
oad for 31-102 comsider oll land flood free, except for
land outside of the levee.

Based on Appraisers Judgment
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Appendix G

Soil and Capability Legend



U. 5. DEPARTMENT OF AGRICULTURE - SOIL CONSERVATION STRVICE - COLUMSIA. MiSSCURI
?325‘.’7wm : SOIL AND CAPABILITY LECZND

The colored map tells the land capabilities and the potent:al
problems of the soils on your land.

THE SYMBOL TELLS THE STORY. (Fxample IIlel)

The Romon numeral (IIT) tells the capability class.

The small letter (e) indicates the potential problem.

The small number (1) tells the general physical characteristics
of the soil.

THE FZRST NUMBER TELLS THE CAPABILITY CLASS--
LAND SUITABLE FOR REGULAR CULTIVATION

Class I , Soils in Class I have few limitations that restrict their use,
Class Ii-1 .Soils in Class II have some limitations that reduce the choice of plants or
it e require moderate conservation practices.
vz
Class T Soils in Class III have severe limitations that reduce the choice of plants
or require special conservation practices - or both
- - .
Class v Soils in Class 1V have very severe limitations that restrict the chaice of
oo plants, require very special management - or both.
LAND LIMITED IN USE - GENERALLY NOT SUITED TO CULTIVATION
vlass I v J Soils in Class V have little or no erosion hazard but have other limitations,
impractical to remove, that restrict their use largely to grazing, woodland,
wildlife, or recreation use.
g
Class ot *Soils in Class VI have severe limitations that make them generally unsuited
to cultivation and limit their use largely to grazirg, woodland, wildlife, or
recreation use,
Class m Soils in Class VII have very severe limitatiuns that make them unsuited to
- cultivation and that restrict their use largely to grazing, woodland, wild-
life or recreation use,
r—!'nrm . .
Class k}lil Scils in Class VIII have limitations that make them unsuited for commevcial

plant production use and restrict their use to recreation, wildlife, water
supply or scenic purposes.

THE SECOND LEITER OF THE CAPABILITY SYMBOL TELLS THE MAJOR CONSERVATION PROBLEM--
e for EROSION, w for WETNESS OR OVERFLOW, and s for STONINESS-SANDINESS-or DROUGHTINESS.

THE THIRD NUMBER OF THE CAPABILITY SYMBOL GIVES A GENERAL GROUP OF SOILS IN EACH HAZARD CLASS(e-w-s)

e.problem soils . occurring on w-problem soils - normally nearly s-problem soils - sandy or stony
slopas level
el-deep soils, favorable physi- wl-soils with moderately heavy sl-well drained soils. favorabtle
cal condition throughout. subsoils and occurring on flat throughout but having t£z2nd or
e2-s50ils with favorable upper or depressional areas. rock layers within 30".
layers but rock or other w3-s01ls with tight subsoils with s4-excessively drained soils
restrPctive layers within very slow permeability. sandy throughout,
24" to 36". w9-organic soils. s6-stony soils of variable depth
e3-s0ils with rocky or other wl4-bottomland soils with clayey and texture - clearance of
restrictive layers within surface soils and slow and stones nct practical.
10 to 20 inch depths, very slowly permeable sub-
eS-s0ils with very tight (or soils,
hard) subsoils that are very wiS-wet soils that are sandy.

slowly permeable.

e6-deep soils with moderately
heavy subsoils that are of
slow or moderately slow per-
meability, -

Soil descriptions explaining the soil in more detail
are available frem your Scil Conservationist.
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