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ABSTRACT

THE RELATIONSHIP BETWEEN LAND VALUES AND
FLOOD RISK IN THE WABASH RIVER BASIN

By

Robert Fox Boxley, Jr.

This Study investigates the feasibility of estimating
expected agricultural flood damages from land price data.

The use of relative price relationships for flood-free and

floodplain lands has frequently been suggested as an alter-

native to current Federal Agency procedures. The rationale

for such an estimation procedure is based on land rent

theory which implies that rloodplain lands should command

lower prices than otherwise comparable flood-free lands by

the amount of the present value of the expected future
losses of earnings attributable o rlooding. The primary
objectives of this study were to determine if the expected
price differentials exist or can be measured, and to com-=
risk

pare the estimated monetary evaluation of the flood

obtained from land price data with the estimates prepared
by the U.S. Army Corps of Engineers (COE) .

Eight counties, representing three distinct areas
with respect to flooding hazards and types of farming,
were selected from the Indiana portion of the Wabash River
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Basin for empirical analysis. Farm sales data covering

both floodplain and upland farms were obtained from

public sources in each county. The average discounting

for flood risk among the floodplaln sales was estimated

by using multiple linear regression techniques to first
estimate the influence of independent variables common to
both upland and floodplain tracts from the sale price of
the upland observations only. This yielded value estimates
(regression coefficients) for the independent variables

free of any influence of flood risk which were then used

to estimate a "flood-free" sale price (per acre basis) for

each floodplain observation. The residual difference

between the actual sale price and the estimated sale price

was taken as the estimate of the flood risk discounting on

each farm. These residuals were further analyzed to obtain

estimates of average discounting for flood risk in each

area comparable to the estimates of expected flood damages

prepared by the Corps of Engineers. |
In two of the three study areas, the estimates of

expected flood damages were reasonably close to the

estimates derived by the COE. In the Upper Wabash study

area, the best estimate of the average discounting for

flood risk by the land market was $56 per acre. This is

reasonably close to the Crops estimate (capitalized at

5.0 per cent) of $40 per acre under present protection

levels, However, this agreement may be more apparent than
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real because the land market failed to reflect any changes
attributable to a substantial reduction in flood risk that
occurred during the study period. Possibly, however, some
capitalization of the expected benefits from protection
had already occurred by the time of the study.

In the second study area along the lower reaches of
the Wabash and White Rivers the analysis revealed no sig-
nificant discounting for residual flood risks in areas
recelving levee protection. This was consistent with a
priori expectations. The estimated discount for farm
sales without levee protection was $118 per acre. At 5.0
per cent, this is equivalent to expected average annual
losses from flooding of $5.89 per acre and was not sig-
nificantly different from the COE estimate of $6.81 per
acre, after correcting for an error in COE computations.

In the third study area--Bartholomew and Jackson
Counties in the White sub-basin--statistically reliable
estimates of the flood risk could not be obtained from
land price data. In Bartholomew County, the average
(unadjusted) floodplain sale price per acre was very
close to the average sale price of the upland sales, but
there was evidence that the floodplains would command at
least a $35 per acre premium in the absence of flood risks.
In Jackson County, the floodplains commanded a $110 pre-
mium over the uplands even with the existing flood risk

and this relationship provided no means of estimating an
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expected price for the floodplain sales in the absence of
flood risk. However, the existing price relationships in
both counties were wldely inconsistent with the COE

estimate of expected flood damages. In attempting to
reconcile the estimates, several errors were discovered

in the Corps computations. The nature of the errors was
such that they could have been detected by the COE had

the relative land price information been available and
capitalization principles applied. Thus, the land market
analysis still provided a criterion for judging the accuracy

of COE techniques even though it could not provide an

independent estimate of the flood risk discounting.

From the results of the analysis it was concluded
that the land market apparently does discount for flood
risk in a systematic manner but that the large standard
errors associated with estimates obtained from land price
data and the uncertainties in determining an appropriate I
capitalization rate make it impractical to place sole
reliance on relative land prices for estimation of expected
flood damages, However, information on relative land
price relationships and the application of capitalization
principles should add substantially to the accuracy of
conventional federal agency flood damage estimation pro-
cedures, It is therefore recommended that land price data

for areas slated to receive flood protection be collected
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on a regular basis and that a land value check, based on
capitalization principles, be made a part of each project

Justification study.
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CHAPTER I

INTRODUCTION

Federal investment in flood protection and prevention
has amounted to more than $7 billion since a national flood
control policy was adopted in 1936. Currently, Federal
expenditures are approximately $500 million per year and
the annual rate of investment is increasing.l Wise
investments of this magnitude depend importantly on reli-
able benefit-cost analyses of flood protection projects,
More than a decade ago Fred Clarenbach, in a contribution
to a Task Force Report on Water Resources and Power found
that: "The accumulated evidence clearly indicates much
room for improvement of Federal agency procedures and
results in evaluations of water resource projects generally
and of flood protection proposals in particular."2 The

growing body of literature and professional interest in
lU.S. Congress, House, Task Force on Federal Flood

Control Policy, A Unified National Program for Managing
Flood Losses, H. Doc. B65, 89th Cong., 2d sess., 1966, p. 3.

2Fred A. Clarenbach, "Reliability of Estimates of
Agricultural Damage from Floods," in Commission on Organi-
zation of the Executive Branch of the Government, Task
Force Report on Water Resources and Power (Washington,
D.C.: Government Printing Office, 1954), III, p. 1277.
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this field of project evaluation suggests that Clarenbach's
observations are still valid today.

The purpose of this study is to investigate one
possible avenue of improvement in agency procedures--the
use of land values as a means of estimating expected project
benefits. The applications specifically considered are for
flood protection projects but the principles apply also to
other water resource development projects and, more gen-
erally, to any investment decision where substantial wind-
fall gains can be expected to accrue to a physical object
or contractual right for which a market exists.

Federal agency interest in the use of land values in
the benefit estimating process can be traced to two ex post
flood control project reviews made in the mid-1950's by
Wilfred Pinel and Fred Clarenbach‘2 Both Pine and Claren-
bach used current and anticipated land values to demon-
strate that the structure of the land market in the affected
areas could not support the estimated benefits claimed for
the projects. These findings, together with other evidence
of errors in the estimating procedures originally used, led
both to recommend that a land value check be included as a

part of every project investigation.

B —

l[Wilfred H. Pine, et al.], "Report of Advisory
Board on Agricultural Flood Damages to Army Corps of
Engineers," April 27, 1956. (Mimeographed.)

2Clarenbach, Task Force Report, pp. 1275-1298.




The techn|

their foundatio
stated, the the|
wlue of land
ernings--land
 be expectes
amarable flo
= fully infeq
o considera
22 expected r
lood losses.
inage and los
ultural oenef:
«ditions one
ultural benef:
“elues,

The adva
nelit estima
e relatively
st 6o the )
Esmﬂating ore
Miides 5 pe,
W dtrect)y

Mected eqpy;

i
Maation B
W), . o




The techniques used by Pine and Clarenbach have
their foundations in the theory of economic rent. Briefly
stated, the theory implies that--to the extent the market
value of land accurately reflects its expected future
earnings--land subject to periodic damage from flooding
can be expected to command a lower price than otherwise
comparable floodfree land. If land market participants
are fully informed and realistically take the flood risk

into consideration, the differential in price will reflect

the expected reduction in future earnings attributable to
flood losses. Since the prevention of expected physical
damage and loss of earnings is the major source of agri-
cultural benefits it follows that under these idealized
conditions one should be able to estimate expected agri-
cultural benefits from flood control directly from land
values.

The advantages claimed for a land value approach to
benefit estimation are several,l For one, land value data
are relatively accessible and easily interpreted. In con-
trast to the laborious and potentially error-prone
estimating procedures currently used, the land market
provides a measure that is based on the experiences of those
most directly affected by the flooding hazard. In addition,

expected earnings as reflected in land prices have already
R S I
lJ. W. Milliman, "Land Values as Measures of Primary

Irrigation Benefits," Journal of Farm Economics, 41 (May,
1959), pp. 234-243,
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been discounted to a present value by an implicit long-
term market rate that presumably reflects the appropriate
social time preference rate for project evaluation.

Several objections may be raised to each of these
claimed advantages; nevertheless the empirical feasibility
of applying the principles of economic rent theory has been
demonstrated by a number of studies of the effects of
exogenous changes 1n land rent on the market value of

land (particularly changes arising from crop production

allotments under government price support programs) which
have conceptually similar effects on land values as federally
financed flood control projects.:L Although the market for
floodplain land probably differs in several important
characteristics from the land markets examined in previous
studies, the theoretical and empirical evidence suggest

that land value data, properly applied, may make an impor-
tant contribution in improving present agency technigues

of benefit-cost analysis.

Objectives

The purpose of this investigation is to examine the
theoretical and practical issues involved in the use of a

benefit-estimating model based on land values. The general

R —

: 1See, for example: Frank H. Maier, James L. Hedrick,

i and W. L. Gibson, Jr., The Sale Value of Flue-cured Tobacco

i Allotments, Technical Bulletin 108 (Blacksburg: Virginia
Agricultural Experiment Station, April, 1960).
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plan of presentation followed in this report is (a) to
develop a benefit-estimating model based on land values,
(b) to apply the land price model to areas currently con-
sidered for flood protection, and (c) to judge the feasi-
bility of adopting such a model as a part of required
agency procedure.

The specific objectives of this study are:

1. To estimate the relationships between land

values and flood risks in selected areas of

the Wabash River Basin.

2. To compare flood protection benefits estimated
from land value data with benefits estimated
by conventional benefit-estimating procedures
and to evaluate the relative accuracy of the
two approaches or a combination of the two
approaches.

3. To evaluate land value data sources and method-
ological requirements for field applications of
land value estimation procedures.

The third objective is conditional upon finding that
land values are sufficiently accurate indicators of
expected damages to warrant use in the benefit estimating
Process. Since the first two objectives may require
analytical techniques that may be too complex or expensive
for field applications, the purpose of the third objective

is to evaluate possible shortcuts in data collection and
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analysis requirements to facilitate field applications of
the technique. Also implied is an evaluation of the costs
of implementing the land value approach for specific project
evaluations.

The second objective reflects the basic issue that
must be resolved to justify federal agency adoption of a
benefit-estimating model based on land values: whether the
model contributes sufficiently to the accuracy of flood
damage and flood control benefit estimates to justify its
use. The question of accuracy has several aspects. The
first 1s the question of the accuracy of the land market's
adjustment to risk, or equivalently’the potential of obtain-
ing accuracy in the land value estimating technique--
assuming underlying accuracy in the land market. The
second aspect is the relative accuracy of a land value
model compared to conventional benefit-estimating pro-
cedures. This is the relevant question from a federal
agency viewpoint and it is to this question the second
objective is addressed.

The difficulty with the direct comparison of esti-
mates derived from a land value model and from conventional
benefit-estimation procedures as proposed in the second
objective is that there are no absolute standards against
which the accuracy of either approach can be judged. A
review of conventionally derived estimates will be made if

necessary but it cannot be definitive because of uncertainty
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regarding the hydrological elements and other assumptions
embodied in the conventional technique.

Recognizing there is no ultimate standard against
which either the land market or conventional technique can
be measured, the first objective seeks to determine if there
are consistent relationships within the land market that
can serve to strengthen confidence in the use of land value
data. For example, if it can be demonstrated that land
values react in a regular, systematic fashion to flood
hazards of differing intensities, ceteris paribus, the
degree of falth one could place in land values as an esti-
mator would be increased. The first objective is intended
to determine if such relationships exist, or if they can be
measured. If relationships exist in only a limited sense,
for example, if only flooding risks greater than a certain
magnitude 1s recognized, this knowledge still should be
useful in defining cases where the use of land value data
are appropriate. Positive findings for this objective
would establish that land prices do discriminate among
degrees of risk although it may not necessarily establish
that the monetary value of the expected flooding damage is
correctly evaluated. Negative findings, however, should
raise serious questions about the applicability of the

land value approach.
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Definitions
At this point it 1is desirable to explicitly define
some of the more frequently used terms and concepts employed

in thils report.

Land Value Model

To avoid repetitious qualifications we will adopt the
term "land value model" (or "approach") to designate any
procedure for estimating expected benefits from flood con-
trol projects that uses land values as an integral part of
the procedure.

Conventional or Agency
Procedures

These terms will be used interchangeably as a short-
hand designation of the "flood hydrograph-flood damage" or
the "stage-damage integration" methods currently used by
federal agencies to estimate flood control benefits. More
generally, the terms refer to any estimating procedure that
attempts to reconstruct in probabilistic terms the whole
range of flood risk and associated flood damages at some

point in time and space.

Benefits versus Damages

Flood damages to agricultural lands are evaluated
primarily in terms of income losses and the costs of
physical damages resulting from flooding. Conversely, the

benefits from flood control are the expected reductions in
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annual flood damages--the differences in expected damages
with and without the flood control structure. Both flood
damages and flood control benefits will be discussed in more
detail in later chapters; the important distinction at this
point is that the two measures are equivalent only if flood
control is complete. Since most flood control projects
rarely provide complete protection, land values are best
suited to estimating expected flood damages rather than
expected flood control benefits. This 1is not a serious
qualification since a land value-based judgment of the
reasonableness of conventionally estimated flood damages
also provides a basis for the judgment of expected benefits.
Thus land values should be usable in establishing upper
limits for expected benefits even if they are not usable as
direct estimators. The "benefit estimating" terminology

is well established and we will continue to use it where
appropriate; however, we are more concerned with the rela-
tionship between land values and expected flood damages

rather than expected flood control benefits per se.

Land Value Model Applications

The steps involves in applying a land value model are
conceptually simple but there are differing interpretations
of how the land value approach should be applied. We will
distinguish between "supplemental" and "substitute" applica-

tions of a land value model.
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10

The supplemental application would be an integral
part of conventional estimating procedures. After the
expected average annual damages (and benefits) are esti-
mated by conventional techniques they are capitalized,
compared to prevailing land prices in the area to be pro-
tected, and judged for reasonableness. The comparison
can be in terms of current price differentials between other-
wlse comparable floodplain and floodfree land, or in terms
of the indicated price of presently unprotected land after
the investment (which will be the sum of the present price
and the capitalized benefits)f1 The criteria in the first
case is that the capitalized damage estimated should agree
with present price differentials. 1In the second case the
indicated price after protection should be reasonably
related to prices of nearby floodfree land of comparable
quality.

In this application of the land value model primary
reliance for accuracy would be placed on conventional
techniques but the land value data would provide valuable
corroborating evidence, especially for subsequent reviewers

2
of the project proposal,”

-_—

lOr, equivalently, current or indicated price dif-
ferentials can be converted to annual equivalents and com-
pared to the conventionally estimated average annual damages
or benefits. All of the above comparisons would be carried
out most conveniently on a per acre basis.

2‘I‘he Corps of Engineers issued a well-reasoned
engineering manual in 1957 that explained the application
of a land value check and specified that project reports
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12

In a "substitute" application the land value model
would be relied upon exclusively in estimating expected
damages and benefits. Edward Renshaw, for one, has
advocated this approach; arguing that a benefit-estimating
model based on land prices could be more accurate and
cheaper to apply than current agency pr’ocedures.1 This
application may have promise for irrigation and drainage
projects but it would appear to have limited applicability
to most flood control projects. The primary distinction
between the two applications of the model i1s that a higher
degree of accuracy would be required for the latter since
the land value differentials would be relied upon exclu-

sively as the measure of expected benefits.2

should include a discussion of "the extent of agreement
between productivity, damage, and benefit values with market
values of land, as a basis for indicating the essential
validity of the former." However, none of the project pro-
posals examined for this study included any discussion of
land values in this sense. See: U.S. Army, Corps of
Engineers, "Examinations and Surveys: Relation of Flood
Damages and Flood Control Benefits to Market Value of Land,"
Engineering Manual EM1120-2-11, 13 June 57. (Mimeographed,)

lEdward F. Renshaw, Toward Responsible Government:
An Economic Appraisal of Federal Investment in Water Re-
source Programs (Chicago: Idyia Press, 1957), pp. 78-79.

2A third, "enhancement" application, can also be dis-
tinguished. The enhancement application is currently being
used in a limited way by the Corps of Engineers where
"enhancement" benefits are expected to be large relative
to direct damage reduction benefits. Enhancement benefits,
generally, are the benefits realized when flood protection
makes a shift to a higher land use feasible. This is most
likely to occur in urban areas where floodplain land is
idle or in a low valued use but may also be a component of
agricultural benefits. The "enhancement" is equivalent to
the increased rent the land can command in the higher use
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Research Background and Area of Study

This research was conducted under contract between
the Corps of Engineers, United States Department of Army
(COE), and the Economic Research Service, United States
Department of Agriculture as a part of a larger study of
alternative procedures for the evaluation of agricultural
flood control benefits. Consequently, the orientation of
the study is toward COE techniques and procedures and the
empirical analysis is applied primarily to floodplains
under the Corps' Jurisdictiongl

The Wabash River Basin was selected for empirical
analysis for administrative convenience and because of con-
siderations involved in other parts of the overall study.
The selection of specific study areas within the Basin was

a function of methodological considerations only.

and, as a practical matter, is estimated by estimating the
expected market value of the land with protection. This

is a more general use of land value than the uses envisioned
above but the analysis planned will have general relevance
here also.

1The other federal agency involved in flood control
Wwork in the Wabash River Basin is the Soil Conservation
Service (SCS) of the United States Department of Agricul-
ture, The jurisdiction of the two agencies is decided on
the basis of stream drainage area with the SCS restricted to
streams or upstream segments of major watercourses with
less than 250,000 acres of drainage area. The principles
of a land value model apply equally to the two agencies
but the typically small areas involved in SCS work may
create difficulties in applying a land value model because
of the scarcity of small-area land value data.
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The original request by the Corps of Engineers was
for a study of the "influence on agricultural land values
of improved utilization through flood protection." Hence,
the study is restricted to lands used for agricultural

purposes.







A

The Corps of Engineers classifies the damages from
flooding as:

(1) Tangible flood damages

CHAPTER II

THEORETICAL FRAMEWORK FOR ESTIMATING

FLOOD CONTROL BENEFITS

1

Physical damages, including the cost of clean-
Up, damages to or loss of buildings or parts
thereof, loss of contents, including furnish-
ings, equipment, decorations, stocks of raw
materials, materials in process and completed

Emergency costs, including those additional
expenses resulting from a flood that would
not otherwise be incurred such as evacuation
and reoccupation, flood 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.

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 influ-
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
etc.), and also losses to

by competitors,

a.
products.
b.
et
ence.
ly.s.

and Reports:
1120-2-101 (includes change 16), 12 October 6L

pp. 50-50Db.

"Survey Investigations
ering Manual EM
(Mimeographed),

Army, Corps of Engineers,
General Procedures," Engine
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activities remote from the flooded area where
adjustments can be made during or after flood
periods to avoid or compensate for the loss.

(2) Intangible 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 probable
trends and nature of developments and activities in the
flood area and adjacent affected region, based on the
most probable economic use of the area both without
and with the project under construction . . . . 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 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 expected normal development condi-
tions without the considered project, will be used
for estimating probable flood control benefits.
Prospective development with the project, if different
than that expected without the project, will be the
basis for estimating probable additional enhancement
of increased utilization benefits.

The Corps specified that tangible flood damages may
be evaluated by one or more of the standard approved methods;
as the cost of restoration (repair or replacement less
normal depreciation), comparative market or sales value,

or the income evaluation method. The first two methods are
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suggested for evaluation of physical damages and emergency
costs; the income evaluation method for evaluation of agri-
cultural crop losses. The Corps also specified 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 seems 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 conceive of a
significant intangible damage source stemming solely from
éhe agricultural sector.

The significant damage classes for the 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 "erop"
and "non-crop" categories. Non-crop agricultural 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,
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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 be best estimated by the income evaluation method which
automatically considers business and financial losses.l
(Crop damages are also enumerated separately because they
are functions of the seasonality as well as the depth and
duration of flooding to a much larger degree than non-crop
or non-agricultural damages and therefore require special
estimating techniques.) The income evaluation method
essentially counts (a) the direct income loss to the
farmer--which is the investment in the crop at the time of
flooding less harvesting costs foregone; with allowances,
if needed, for the possibility of replanting or salvaging
a part of the crop; and (b) income foregone where the flood
hazard precludes higher valued agricultural use of the land.

The sources of agricultural flood 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

e e e

lWG are assuming, of course, that crop production is
the major agricultural floodplain enterprise. This is true
for the Wabash Basin and would also appear to hold for
agricultural use of floodplains generally. See: Ian
Burton, Types of Agricultural Occupance of Flood Plains in
the United States, Research Paper No. 75 (Chicago: Univer-
sity of Chicago, Department of Geography, 1962).
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and non-crop 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. The rationale for considering these
sources of agricultural benefits should be clear from the
following section of this chapter.

Agricultural Benefits and the Role
of Land Values

Consider first a parcel of land without regard to
flooding hazard.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 some minimum amount of other
factors of production--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 non-
land inputs that we conveniently denote as "capital." We
can visualize these non-land inputs as being highly

divisible so that units of capital can be combined with a

1The 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, ed. by Gilbert F. White, Research Paper
No. 70 (Chicago: University of Chicago, Department of
Geography, 1961).
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unit of land in sufficiently small increments to approach
a continuous production function.

The usual agricultural production function has the
characteristic that as additional units of capital are
added to a fixed unit of land, total product will increase
but, beyond some point, at a decreasing rate. From this
relationship, assuming a constant product price, we can
obtain a value of marginal product (VMP) curve for capital
as in Figure 1. Over the relevant range of production
decisions the VMP curve is downward sloping to the right.
The value of product forthcoming at any lqvel of capital
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.l

The unit cost of the non-land resources ("capital")
is assumed to be (PO). Under conditions of perfect compe-
tition in factor markets (which implies perfect mobility
of all non-land resources), the price of capital is deter-
mined by its opportunity cost--capital cannot command a
price higher than (Po) and will not be available for employ-
ment on the unit of land at a price less than (Po). If
additional units of capital are available at a constant
price we derive a straight line "cost of capital" function
(B B
Al o s e

lTo 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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Given the VMP and cost of capital functions, returns
to the final fixed unit of land will be maximized if (XO)
units of capital are combined with each unit of land. The
payment to capital is its price (P ) times the (X ) units,
or the area (J Q X, 0). The residual (AQJ) is a surplus,
or rent, that accrues to land as the scarce resource.

Given a capitalization rate, this rent determines the maxi-
mum price an entrepreneur would willingly pay for the unit
of land.

From the diagram we can deduce a theoretical measure
of the maximum expected benefits from flood protection.
From the VMP curve in Figure 1 we know the land will not be
placed in production unless the cost of capital is less
than (PZ). For capital costs greater than (P2) the land
will be left in its natural state (and have no market
value for productive purposes) until events either lower
the cost of capital or shift the VMP curve upward. As we
shall see below, offering flood protection may have both
effects. Therefore, it follows that the maximum annual
benefits to be acquired from providing flood control to
undeveloped agricultural land cannot exceed the annual net
rent on comparable agricultural land not subject to flood-
ing. Furthermore, if the discount rate and the time span
for discounting were the same for society and for the
entrepreneur, the present value of flood control benefits

per unit of land could not exceed the market price of
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comparable floodfree land. Generally, the benefits from
flood control will be less than in this example since some
rents do accrue to floodplain lands at present, otherwise
they would not be in production. There are other diffi-
culties in the assumptions of competitive equilibrium,
perfect knowledge, mobility of non-land resources, and a
common private and social discount rate but the net rent
concept at least establishes a theoretical benchmark for
later consideration.

We now drop the assumption of floodfree location.
Instead, assume that the unit of land is located on a
floodplain 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 VMPl. The VMP curve in Figure 1 was drawn on the
assumption that the land was in its highest valued use
(say, truck-farming). The non-land resources might have
been combined in other ways to produce other products,
such as cash-crops represented by (VMP,), but this would
represent less-than-optimum use of the land under the
postulated floodfree conditions.l

The (VMPl) and VMPZ) functions may still be viewed

as the VMP curves for truck- and cash-crops, respectively,
NIE X o S O P NN PR S
lFor simplicity, we draw the VMP curves as non-

intersecting and assume a common cost of capital function
regardless of the product produced.
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on the floodplain tract in a year when floods do not
occur. However, the entrepreneur must now take potential
flood losses into account and discount his schedules
accordingly. Truck farming may be a land use that is
especially vulnerable to flood damages and therefore must
be discounted heavily (to the point that production on the
floodplain is uneconomic). On the other hand, while cash-
crop farming is not as profitable on a floodfree location,
it may also be a use that is better able to withstand
inundation and therefore be the preferred floodplain crop

enterprise. The VMP, schedule is not the relevant curve

2
for the cash-crop enterprise however, because it does not
reflect the expected damages from flooding. If a probabil-
ity distribution can be assigned to the anticipated damages,
(VMP3) can be derived. This curve must be viewed as the
expected value of marginal product curve for a cash-crop
enterprise in the floodplain. In the absence of flood
protection the (VMP3) becomes the relevant planning curve,
The value of marginal product schedule was discounted

from (VMPZ) to (VMP,) to reflect the expected loss in

3
yields and other direct crop damage from flooding. In addi-

tion there will likely be additional capital costs incurred
in replanting, replacing leached nutrients, etc., following

a f‘lcod.l Suppose an entrepreneur can expect to incur, on
lAlthough this exposition is in terms of crop damages,

other physical damages (debris deposition, erosion) could
be incorporated into the diagram. To include highly
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the average, additional costs equivalent to (Pl—PO) on
each unit of capital employed. Then, in terms of expected
costs, the "cost of capital" function is (Pl P'l) and (Xl)
units of capital will be used. The expected payment to the
non-land resources is (DEXlO) and the residual (CED) in
the rent accruing to land. The difference in the rent
triangles (AQJ) minus (CED) is the expected average annual
benefits from complete flood protection.

We can further identify the sources of the expected

benefits:

1. Given the decision to invest (Xl) units of
capital on the floodplain land, losses are
expected to be incurred from (a) additional
capital costs equivalent to (DEKJ) and (b)
direct crop losses equivalent to the area between
the (VMP2) 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 con-

tinue to produce cash-crops, the relevant

schedules are (VMP,) and (P, P')). Now, however,

(Xl) is not the optimum capital input. Capital

localized damages (buildings, bank cutting), a "farm"

could be the fixed unit, or the damages from these sources
could be allocated over the acres flooded on each farm.
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will be increased to (X2). The additional
cost is (KNX2X1), the additional return is
(RNXZXI) 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
(VMPl). Capital usage will increase to (XO),
yielding a surplus (SNQ), but in addition each
unit of capital will 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 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 (AQJ) and
(CED). However, the general effect of flood control invest-
ment will be to lower the expected cost of capital curve and
shift the expected value of marginal product curve to the

right. The result will be an expansion in the size of the

lIn 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.
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rent triangle and the difference in area between the "old"
and "new" triangle will measure the expected benefits.

We have mentioned that the difference between the
rent triangles (AQJ) and (CED) is a measure of the expected
benefits and also that the size of the rent triangles
determines the maximum price an entrepreneur would willingly
pay for land, given a capitalization rate. Thus, with a
common capitalization rate, the amount of the rent triangle
(CED) would determine the price of the land without pro-
tection and (AQJ) would determine the price of comparable
flood free land. Or, if protection were provided at no
cost to the entrepreneur (CED) would determine the "before
protection” price and (AQJ) the "after protection" price
or value.

If the decision to provide flood protection were an
individual one, the entrepreneur would be willing to make
an investment only if the annual costs of the investment
equalled or was less than the difference in the amount of
the rent triangles. In this case, the residual return to
land would still be the area (CED); the remaining "rent"
being a return to the capital invested in protection.
Therefore, unless the investment became embodied in the
land, the price of the land should not change since the

rent to land has not changed.l

lThe investment would not become embodied if, for
example, the protected land was sold subject to an annual
assessment equal to the annual costs of the investment.
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In the case of flood control reservoirs, the benefits
to agricultural uses from reduced flood damages are flow
benefits that are released over the lifespan of the struc-
ture and that are specific to the protected downstream

areas. These benefits are captured by those individuals

owning the protected land. The individuals experience a
real wealth gain equivalent to the sum of the present dis-
counted values of the future income streams made possible
or more certain by the reservoir. These gains are nearly
pure windfall gains since the cost of the reservoir is
borne by a society in which the benefitting land owners are

a miniscular propor'tion.1 Thus, in the case of Federal

1However, a proportion of the gains may be captured
by local taxing units in the form of higher property assess-
ments as land prices respond to the gain and the present
value of this liability should be subtracted from the
present value of the increased income stream. In the dia-
gram, the effect of higher annual tax liabilities could be
reflected by an upward shift in the cost of capital func-
tion., If assessment practices are consistent between flood-
plains and uplands, relative land prices would automatically
reflect the differences in tax liabilities, ceteris paribus.

Two general studies of the impact of reservoir con-
struction on county tax revenues indicate that a portion of
the increment in value is likely to be captured. See:
Jack L. Knetsch, "The Influence of Reservoir Projects on
Land Values," Journal of Farm Economics, 46 (February,
1964), pp. 2317203, and Claude M. vaughn, Jr., Covariance
Analysis of Reservoir Development Effects on Property Tax
Base, Research Report No. & (Lexington, Kentucky: Univer-

sity of Kentucky Water Resources Institute), 1967. The
State of Kentucky specifically requires reassessment of

the areas benefitting from flood control with the view of
capturing a part of the gain. (From conversation with
Harvey King, Basin Planning Branch, Engineering Division,
Louisville Engineer District, U. S. Army Corps of Engineers,
December 13, 1967).
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reservoir construction for flood control purposes,l we
sould expect floodplain land prices to reflect a major

part of the benefits accruing to the agricultural sector.
As we have previously noted, if the social time preference
rate (or the long-term government investment interest rate)
is the same as the private land market rate, this implies
that the present value of benefits from a flood control
installation accruing to land cannot exceed the difference
in the price of land to be protected by the installation
and the price of comparable flood-free land.

There is an additional point that can be noted regard-
ing Figure 2. The discussion of the figure is in terms of
a single parcel of land for which the external effects of
an entrepreneur's decision can conveniently be ignored.
This may also be true for agricultural benefits of flood
control in small watersheds but for river basin work,
externalities may become important in social accounting.
If the area involved is large, the "cost of capital" func-
tion may shift upward following protection reflecting the
increased factor demand for capital on each unit of pro-
tected land. As more units of capital are invested in the
plain following hazard reduction, the cost per unit to
all users of the factors involved increase. At the same

time the increased output resulting from increased

1This will also be true of protection from Federal
levee construction except that here there will be come
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