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ABSTRACT. Land-use changes involve important
economic and environmental effects with implications
for international trade, global climate change, wild-
life, and other policy issues. We use an econometric
model to identify factors driving land-use change in
the United States between 1982 and 1997. We
quantify the effects of net returns to alternative land
uses on private landowners’ decisions to allocate land
among six major uses, drawing on detailed micro-data
on land use and land quality that are comprehensive of
the contiguous United States. This analysis provides
the first evidence of the relative historical importance
of markets and federal farm policies affecting land-
use changes nationally.(JEL R14, Q15)

I. INTRODUCTION

Over the past quarter century, the United
States has experienced dramatic land-use
changes—including declines in cropland,
increases in forests, and accelerated expan-
sion of urban areas—that depart from trends
over the previous decades.1 Broad-scale
changes in land use produce important
effects with implications for international
trade, global climate change, wildlife habitat
and a host of other policy issues. For
example, land use has figured prominently
in international negotiations on climate
change. Under the Kyoto Protocol, countries
can claim credit for offsetting carbon dioxide
(CO2) emissions through changes in land use
and land management. Also, in communities

across the United States, ‘‘urban sprawl’’ has
been a concern voiced by many citizens (Pew
2000). And the current Doha Round of the
World Trade Organization (WTO) has
stalled over the issue of reducing agricultural
support programs in the United States and
Europe (e.g., WTO 2006). Developing na-
tions oppose these programs on the grounds
that they increase production and lower
global crop prices (e.g., Oxfam 2003).

What has caused the changes in land use
that have occurred in the United States over
the past twenty-five years? What has been the
role of major federal farm policies? We
investigate the influences of different eco-
nomic and policy factors on national land use
from 1982 to 1997 by estimating an econo-
metric model of the revealed preferences of
landowners drawing on detailed micro-data
on land use and land quality. Our model
measures the effects of estimated net returns
to alternative land uses on decisions by
private landowners to allocate their land
among six major uses: crops, pasture, forest,
urban, range, and a federally financed use, the
Conservation Reserve Program (CRP).2 Be-
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2 The CRP, established by the Food Security Act of
1985, is the largest Federal program targeting land use.
The program offers rental payments to landowners who
voluntarily retire environmentally sensitive cropland
under 10- to 15-year contracts. CRP presently pays about
$1.8 billion per year to retire 36.1 million acres (about
the size of Iowa) (FSA 2006).

1 Between 1982 and 2002, total cropland in the 50 United
States, including land in conservation programs, declined by
27 million acres (6%) after rising 25 million acres over 1964–
1982 (Lubowski et al. 2006b). Forest area grew by
11 million acres (2%) over 1987–2002 after falling 24 mil-
lion acres over 1963–1987 (Smith et al. 2004). The average
urbanization rate rose from 1.0 to 1.4 million acres annually
from 1960–1990 to 1990–1997 (Vesterby and Krupa 1995).



cause individual landowners are likely to take
prices and production technologies as given,
we focus on net returns as the drivers of land-
use change, abstracting from the various
underlying factors affecting the net returns
for land. These fundamental drivers include
population growth, consumer tastes, interna-
tional trade, and other factors affecting the
demand for land in different uses. Underlying
drivers also include weather, technology, local
rules, and other factors determining produc-
tion possibilities from different land-use
alternatives.

Our national-level model allows us to
estimate the impacts on land-use decisions
of federal policies, such as CRP, and other
factors affecting the land base nationwide.
Previous econometric land-use studies have
focused on relatively small geographic areas,
such as single regions or states. The few
studies using national-level data have exam-
ined changes in a single land-use category,
without modeling competition among land-
use alternatives.3 Modeling this competition
is critical for measuring the impact of factors
affecting land-use choices when multiple
land-use options are economically viable.
We estimate a national model that accounts
for transitions among a comprehensive set
of major private land-use categories.4 De-
tailed data on the same points of land over
time allows us to model transitions among
different land uses—rather than just net
changes in particular category—and to
account for variation in land quality that
affects the profitability and corresponding
choice of alternative uses.

Most econometric analyses of land use
examine the relationship between observed

land-use patterns and measures or proxies
for land rents (see Bockstael and Irwin 2000
for a review), but there has been little
analysis of the relative importance of
various factors in driving land-use changes.
One exception was provided by Stavins and
Jaffe (1990), who used an econometric
model based on county data to examine
the relative importance of federal flood
control projects and other factors in driving
the depletion of forested wetlands in the
Mississippi Delta from 1935 to 1984. Our
study extends their analysis by examining
changes among a comprehensive set of
major private land-use categories on a
national scale. We use econometric esti-
mates to simulate national changes in
landowners’ willingness to supply land in
various uses from 1982 to 1997 under a
series of scenarios that isolate the impact of
particular market and policy factors.

Changes in national land use will influ-
ence the production of crops, timber, and
other land-based commodities, affecting the
prices for these products and, in turn, the
incentives to allocate land among alternate
uses. While we do not explicitly model these
feedbacks, our simulations suggest the
direction of impacts and relative impor-
tance of different factors affecting national
land use. We also compare results from
simulations using smaller changes in market
and policy factors for which price feedbacks
are likely to be minor.

To model both the supply and demand
for land, other researchers have developed
optimization models of the agriculture and
forestry sectors. For example, Alig, Adams,
and McCarl (1998) examined different
future scenarios for CRP, farm program
payments, and afforestation policies using a
two-sector, multi-period simulation model,
in which the forest and agricultural sectors
are linked, and the welfare of producers and
consumers in the two sectors is maximized.5

While such models enable simulations of
market or policy changes accounting for

3 Previous national-level econometric studies exam-
ined urban area (Alig and Healy 1987), conservation
programs (Parks and Kramer 1995; Plantinga, Alig and
Cheng 2001), and timberland (Plantinga and Buongiorno
1990).

4 While land-use categories can always be subdivided
more specifically, our categories are more detailed than
the ‘‘major’’ private uses reported in the USDA’s Major
Land Uses data series, the only accounting of land use for
the entire nation (e.g., Lubowski et al. 2006b). In contrast
to this series, we distinguish CRP from cropland;
differentiate pasture and range; and exclude miscella-
neous uses that are not identified.

5 Other applications of this Forest and Agricultural
Sector Optimization Model (FASOM) include Alig et al.
(1997), Adams et al. (1999), McCarl and Schneider
(2001), and EPA (2005).
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both changes in land use and corresponding
prices, optimization models are limited in
their ability to measure the impacts of
different factors on land use historically
and, to our knowledge, have not been used
for this purpose. Optimization models are
governed by assumed decision rules and
elasticities and cannot incorporate all fac-
tors that affect land use in reality. These
factors include option values in the face of
uncertainty and irreversible investments,
liquidity constraints, and unobserved mar-
ket or non-monetary costs or benefits
(Stavins 1999). Existing models are also
limited to changes among agricultural and
forest uses, rather than the broad set of land
uses considered in our study. Our revealed
preference approach aims to address some
of these limitations and, in doing so, could
provide estimates for calibrating or cross-
validating optimization analyses.

We find that private land-use decisions
have depended critically on land quality
and have been steered by anticipated
economic returns to alternative uses, which
in some cases have been affected signifi-
cantly by public policies, sometimes inten-
tionally and sometimes unintentionally.
Our results have implications for a number
of policy issues related to land use. For
example, with regard to potential market
impacts from federal farm programs, we
find that positive effects on crop acreage of
all direct federal payments to farmers were
more than offset by cropland retirement
under the CRP.6 Indeed, we estimate that,
in total, these federal farm programs
resulted in a modest decline in U.S.
cropland area.

II. ECONOMETRIC LAND-USE MODEL

Consider a risk-neutral and price-taking
landowner facing the choice of allocating a
parcel of land of uniform quality among a

set of alternative uses.7 We posit that
landowners choose uses to maximize the
present discounted value of the stream of
expected net benefits from the land, and
base their expectations of future land-use
profits on current and historic values of
relevant variables. Landowners would ex-
pect current values to persist over time if
land-use net returns follow a random walk.
Limited empirical evidence suggests that
this is approximately true (Schatzki 2003).
For simplicity, our analysis also abstracts
from the effects of uncertainty in the
presence of fixed, irreversible costs (Dixit
and Pindyck 1994). We thus model land-use
choices as if landowners ignore the value of
the option to delay irreversible costs and
obtain additional information.8

Given these simplifying assumptions, the
decision rule that emerges from the related
dynamic optimization problem is to choose
the use with the highest expected one-period
return at time t minus the current one-
period expected opportunity cost of under-
taking conversion (Lubowski 2002). With K
potential land uses ( j, k 5 1,. . .,K ), the
owner of a unit of land in use j will choose
the use k at time t that satisfies:

arg max
k

Rkt { rCjkt

� �
§ Rjt, ½1�

where Rjt and Rkt represent the instanta-
neous expected net benefits at time t from a
unit of land in use j and k, respectively; Cjkt

6 Federal funds paid directly to farmers include
commodity programs, disaster assistance, land retirement
and other conservation programs, and miscellaneous
payments. Funds paid under commodity and disaster
programs averaged $6.3 billion annually from 1982 to
1997 (ERS 2003).

7 If net returns and the costs of converting land
between different uses are approximately linear in land
quantity, the size of parcels will not affect the relative
profitability of land-use options, in which case land-use
decisions for a heterogeneous parcel can be treated as the
sum of land-use choices on constituent uniform-quality
parcels. While studies show that parcel size affects the
value of land for urban development due to costs of
subdividing and assembling parcels (e.g., Thornes and
Miller 1998), we do not model these effects for lack of
data and because urban development is a small share of
the land-use changes considered.

8 Given the broad scope of our analysis, it would be
impossible to model explicitly the landowners’ stochastic
dynamic optimization problem (Rust 1987). However,
our econometric approach incorporates option values
indirectly. If fixed costs and other irreversible choices
introduce rigidities in land use, these will be reflected in
the estimated coefficients.
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is the expected marginal cost of converting
one unit of land from use j to use k at time t
(Cjjt 5 0); and r is the discount rate. If the
use k satisfying equation 1 equals j, then the
land unit will remain in its current use at
time t; otherwise, the landowner will
reallocate the land to the use k ? j that
maximizes expected net returns after con-
version costs.

The landowner’s profit function may be
thought of as including both observed and
unobserved components. Specific restric-
tions on the structure of the unobserved
components yield alternative specifications
of probabilistic models. An ordinary logit
model is one obvious possibility, but the
assumption of independent disturbances in
the simple logit model implies that the ratio
of the probabilities of any two choices is
independent of the other alternatives.

We allow for differences in substitutabil-
ity among alternatives using a nested logit
specification, which imposes this property
of ‘‘independence of irrelevant alternatives’’
within but not across specified subgroups
(‘‘nests’’) of choices. Dividing the choice set
into mutually exclusive subgroups Ks

(s51,. . .,S ), we specify Uijkt, the landown-
er’s utility from converting land parcel i
from use j to use k at time t, as the sum of a
component, Vijkt, that is unique to the
alternative k and another component, Vijst,
that is common to all the alternatives in Ks.
Each of these components, in turn, includes
an observed component plus an unobserved
component characterized as a random error.

Under assumptions analogous to the
standard logit model, the probability of
choosing alternative k that is grouped in Ks

can be expressed as the product of two
terms: the probability, Pijst, of choosing any
of the alternatives within Ks; and the
conditional probability, PijktIs, of choosing
k given the choice of Ks.

9 For land parcel i
starting in use j, the probability of choosing
land use k g Ks between time t and t + 1 is
thus

Pijkt ~ Pijst
:Pijkt sj ~

exp Vijst z tstIijst

� �

PS

s~1

exp Vijst z tstIijst

� �

: exp Vijkt

� �

PJs

l~1

exp Vijlt

� �
,

½2�

where tst are parameters, and Is ~

ln
PJs

l~1

exp Vijlt

� �
. This ‘‘inclusive value’’ for

nest Ks equals the expected utility for the
choice of alternatives within a nest. The
expression in equation [2] embodies the
first-order Markov property since the prob-
ability of the parcel changing use depends
only on exogenous covariates at time t.

Our chosen nesting structure is based on
the premise that land uses with more similar
land quality requirements are closer sub-
stitutes.10 We expect land quality to affect
land-use net returns principally in terms of
agricultural yields, and we proxy land quality
using the Land Capability Class (LCC), a
summary measure of the suitability of land
and associated climate for producing crops
(USDA 1973).11 Land in crops has the
highest average quality as measured by the
LCC, while pasture and CRP uses tend to be
adopted on higher quality lands relative to
forest and range uses.12 In the case of CRP,

9 Assumptions of the nested logit model imply that the
two disturbances are independent and that their sum has
the Gumbel distribution (Ben-Akiva and Lerman 2000).

10 Land quality is only one potential determinant of
substitutability among land uses. To the extent that farmers
operate joint crop and livestock operations, farmers may
have skills for pasture and range uses—rather than forestry,
for example—so crops, pasture, and range uses may be
closer substitutes for each other than for other uses. On the
other hand, forest and pasture are similar in terms of lower
labor requirements.

11 The LCC measure was designed to target conserva-
tion programs, rather than to measure soil productivity,
and allows local flexibility in rankings, producing some
inconsistencies across regions (Helms 1992). Despite these
limitations, we use LCC because estimated crop yields, the
Soil Rating for Plant Growth (SRPG) (Soil Survey Staff
2000), and other explicit productivity measures are not
currently available for all soil types and land uses.

12 As a rough indicator, assigning values 1 through 4
to LCCs I–II, III–IV, V–VI, and VII–VIII, respectively,
the NRI indicates that the average qualities in the
contiguous United States over 1982–1997 were 1.5 for
cropland, 1.9 for CRP, 2.0 for pasture, 2.2 for urban land,
2.7 for forests, and 3.0 for range, with lower values
indicating higher quality.
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program rules restrict which lands are eligible
to participate; notably, eligibility is limited to
lands that were planted to an agricultural
commodity for four of the previous six crop
years. We incorporate these differences in
land quality requirements by specifying our
nested logit model with three nests: K1

(crops, CRP, and pasture); K2 (forest and
range); and K3 (urban). We model urban
land use as a unique nest, due to its greater
degree of irreversibility, and because land
quality, as measured by the LCC, is likely to
be a much less important determinant of
urban development returns.

Landowners presumably compare net
returns to alternative uses on particular
parcels. Although we have land-use data at
the parcel level, we lack parcel-level obser-
vations of net returns. Instead, we observe
county-level average returns and, to allow
for parcel-level variation, we interact the
average return variables for each land use
with parcel-level indicators of land quality.
The county average return for a particular
use reflects the average return on those
parcels of land in the county currently in
that use. The estimated land quality adjust-
ment factors scale this average net return to
approximate the net returns to each use on
every parcel of land, regardless of its current
use. The magnitude of the land quality
adjustment could be different for different
land uses depending on the sensitivity of the
different net returns to land quality as well as
on the land quality distribution for the land
in each use. In reality, in large parts of the
country, forests, range, or other land uses in
our choice set may not be a feasible
alternative given climatic conditions or other
biophysical, economic, or legal constraints.
Given the national focus of our study, our
model captures the average effects of LCC
on land-use conversions but does not
identify in what specific locations these
effects might be more or less important.

We thus specify the component of utility
that is unique to each alternative as

Vijkt ~ a0
jkt z aq

jktLCC
q
it z b0

jktRkc

z b
q
jktLCC

q
itRkc z eijkt, ½3�

where a0
jkt is an alternative-specific inter-

cept, aq
jkt, b0

jkt, and bq
jkt are parameters, Rkc

is the level of net returns to use k in county
c, LCC

q
it is a dummy variable indicating

whether parcel i is of quality q at time t, and
eijkt is the error term.13 We lack data on
the costs of changing land use, but we
expect these costs to be closely related to
land cover as well as slope and other factors
affecting LCC. Accordingly, we model
conversion costs with the terms a0

jkt z

a
q
jktLCC

q
it in equation [3], which provide

an intercept term varying with initial use
and our land quality proxy.14

CRP participation depends on a different
set of decisions than other land-use choices,
because enrollment depends on both the
landowner’s bid, which includes a proposed
rental rate, and the government’s choice of
whether to accept the bid, which depends on
the environmental characteristics of a parcel
as well as the cost. Because the program
targets cropland, CRP rental rates are highly
correlated with the profitability of cropping
in a given locality. We account for the effect
of crop net returns on the incentive to remain
in cropland. Incentives to enroll in CRP are
specified as a function of LCC, which was a
consistent element of the program’s eligibil-
ity criteria during our period of analysis.15

13 The eight LCCs are merged into four groups: I–II,
III–IV, V–VI, and VII–VIII.

14 Costs of converting land to crops, such as clearing
and drainage, have been estimated at state and regional
levels (e.g., Heimlich et al. 1998). We proxy such costs with
LCC as they are likely to be very site specific and because
explicit cost estimates are not available for most of the
land-use changes in our model. We expect conversion
costs to increase with slope, erodibility, excess water, and
stoniness, which are key factors proxied by higher LCC.
An anonymous reviewer noted that conversion costs could
inversely vary with LCC if more productive lands have
more vegetation requiring clearing. The intercept term
varying by initial use will partially proxy for vegetative
cover.

15 Until sign-up 13 in 1995, all lands with LCC ratings
VI–VIII were eligible for CRP, while lands in LCC II–V
were only eligible subject to erosion criteria and other
requirements which changed over time. We did not
include erosion factors in the NRI data as determinants of
CRP participation because eligibility as measured by
these variables was not correlated with CRP enrollments,
possibly due to insufficient sampling of CRP parcels.
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Also, because CRP rental rates are subject to
caps, only lands earning returns below this
cap are likely to be enrolled in the program.
For these reasons, greater enrollment would
be expected on lower quality croplands, as
proxied by LCC. Equation [3] thus becomes
Vijkt ~ a0

jkt za
q
jktLCC

q
it z eijkt for k 5 CRP.

For the component of utility that is
constant across the alternatives within each
nest, we include constant terms for the nest
and interactions with the land quality
indicator variables. For land parcel i in
use j, the component of utility that is
constant within each nest is thus

Vijst ~ c0
jst z c

q
jstLCC

q
it z tstIijst, ½4�

where c0
jst is a constant specific to nest s and

cq
jst is a coefficient on the land quality

indicators. Substituting equations [3] and
[4] into [2] yields a complete nested logit
model for estimation.

We estimate the model using repeated
observations of land use on individual
parcels from the National Resources Inven-
tory (NRI) of the U.S. Department of
Agriculture’s Natural Resources Conserva-
tion Service (NRCS). The NRI is a panel
survey of land use and land characteristics
on non-Federal lands conducted at five-year
intervals from 1982 to 1997 over the entire
United States, excluding Alaska.16 Data
include about 844,000 sample ‘‘points,’’
each representing a land area given by a
sampling weight (Nusser and Goebel 1997).
We observe land use at each point in four
survey years, providing information on
land-use changes over three transition peri-
ods: 1982–1987, 1987–1992, and 1992–1997.
We focus on six land uses: crops, pas-
ture, forest, urban, range, and CRP.17

The land base in our analysis comprises
1.4 billion acres, representing about 74% of
the total land area and 91% of non-federal
land in the 48 contiguous states. Further
details on the NRI data are provided in the
Data Appendix.

The matrix of land-use changes in Ta-
ble 1 illustrates the information provided
by the NRI on the disposition of land across
major uses over time. Land units generally
remain in the same use. For example, of
land parcels cropped in 1982, 84.2% re-
mained in crops in 1997, while 7.3% had
been converted to CRP, 4.6% to pasture,
1.6% to urban use, 1.3% to forest, and 0.9%
to range. Of land parcels forested in 1982,
95.4% remained in forests in 1997, while
2.5% had been converted to urban use, 1%
to pasture, 0.5% to crops, another 0.5% to
range, and 0% to CRP. The urban land-use
category appears to be an absorbing state,
with lands almost never converted from
urban to non-urban uses.

Our dependent variable is the choice of
land use in year, t + 5, at each NRI point,
and our covariates are the land use in year t,
the land quality rating of the point, and
proxies for the expected net returns from
the land-use alternatives as of year t. To
smooth temporary shocks from weather
and other factors that affect net returns in
particular years, we assume that landown-
ers use an average of the annual net returns
per acre to each land use over the most
recent five-year period as the basis for their
expectations of future net returns. Denoting
each year as t, we specify land-use choices
observed at time t + 5 as a function of the
average land-use net returns between the
years t 2 4 and t, inclusive.18

Assembling data from a variety of private
and public sources, we constructed county-
level estimates of annual financial net

16 Beginning in 2001, the NRI has been conducted
annually on a smaller sample of points. Micro-data from
the annual NRI are not publicly available to date and
were not used in our analysis.

17 Public lands and transportation infrastructure are
excluded from the analysis, as changes in these uses are not
affected directly by utility maximization by private land-
owners. We omit water bodies and barren lands as these
uses are unlikely to vary over time. Finally, we exclude lands
classified as marshlands and ‘‘miscellaneous,’’ because data
are not available to measure net returns to these uses.

18 While some information after year t could be
relevant for explaining subsequent changes, we only use
information as of year t for our net returns proxy to avoid
using data from future periods as predictors of past land-
use decisions. Because observations of land use are at five-
year intervals, our dependent variable includes land-use
changes occurring at any time between t to t + 5, and we
do not know when during this period these changes
occurred.
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returns (revenues less variable cash costs per
acre) for crops, pasture, forest, range, and
urban uses for all 3,014 counties in the 48
contiguous states (see Data Appendix). Net
returns for crops, pasture, and range are
computed in annual terms given annual
yields from major crops and forage. On the
other hand, returns to forests and urban
uses are calculated as the net present values
of a perpetual stream of forest and urban
returns, respectively, and then converted to
a constant annualized equivalent with an
assumed private discount rate of 5%.19 The
estimates for cropland include net returns
from market sales as well as direct farm
program payments.20 Our measure of pay-
ments is from the Census of Agriculture and
includes all direct receipts from the Federal
government, excluding payments for land

retirement under the CRP and Wetlands
Reserve Program (WRP). These payments
are excluded because we model CRP as a
distinct land-use category, and CRP and
WRP payments are jointly reported in the
Census. Table 2 provides summary statis-
tics on land-use net returns.

III. ESTIMATION AND RESULTS

We use maximum likelihood methods to
estimate the parameters of the model,
drawing on cross-sectional variation in the
independent variables to estimate parame-
ters for the transition probabilities from
each of four starting land uses (crops,
pasture, forest, and range) to each of our
six ending uses (crops, pasture, forest,
range, urban and CRP) during each of the
temporal transitions.21 We use all of our
observations on the NRI sample points in
each respective land use at the start of each
of the three transition periods (1982–1987,
1987–1992, and 1992–1997), and so in total,

19 Annualized returns are thus r*NPV where

NPV ~
P?

t~0

Rt

1zrð Þt and r 5 0.05.

20 We assume landowners are indifferent between a
dollar from the government and a dollar from the market.
We conjecture that farmers’ expectations of future returns
are approximately static with respect to the sum of market
net returns and government payments, rather than to
these income streams individually, given that federal farm
program payments are highly countercyclical, partially
insuring market risks (Roberts, Osteen, and Soule 2004).

TABLE 1

CHANGES IN MAJOR NON-FEDERAL LAND USES FROM 1982 TO 1997 IN THE CONTIGUOUS 48 STATES

(1,000S OF ACRES)a

Land Use
in 1982

Land Use in 1997

Cropland CRPb Forest Land Pastureland Rangeland Urban Land 1982 Totalc

Cropland 350,265 30,412 5,607 19,269 3,659 6,816 416,029
84.19% 7.31% 1.35% 4.63% 0.88% 1.64% 100%

Forest land 2,037 4,168 380,343 9,803 2,099 129 398,579
0.51% 1.05% 95.42% 2.46% 0.53% 0.03% 100%

Pastureland 15,347 1,330 14,091 92,088 2,568 4,053 129,478
11.85% 1.03% 10.88% 71.12% 1.98% 3.13% 100%

Rangeland 6,968 729 3,022 3,037 394,617 3,055 411,427
1.69% 0.18% 0.73% 0.74% 95.91% 0.74% 100%

Urban land 2 0 2 1 0 51,946 51,951
0.00% 0.00% 0.00% 0.00% 0.00% 99.99% 100%

1997 Totalc 376,383 32,696 404,680 119,513 404,824 75,924 1,937,664
19.42% 1.69% 20.88% 6.17% 20.89% 3.92% 100.00%

a Read the table horizontally to see how land that was under a particular use in 1982 was subsequently allocated in 1997. Read the table
vertically to see how land that that was in a particular land use in 1997 was previously allocated in 1982. Percentages are of 1982 totals (far
right column).

b There is no corresponding row entry for the Conservation Reserve Program (CRP) as this Federal program was established in 1985.
c In addition to the land uses reported, totals include federal lands, water bodies, and other land-use categories not examined in this

study.

21 We also estimated models with pooled data and
found that estimates based on separate cross-sections
were superior at replicating land-use changes over these
time periods (Lubowski 2002).
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we estimate twelve separate equations (four
starting land uses in three time periods).22

The results indicate good fit of the model,
and are consistent with the expected eco-
nomic relationships.23

For brevity, Table 3 reports elasticities,
rather than estimated parameters for the
twelve equations.24 For each starting use,
we report the estimated elasticity for the

probability of choosing each land-use alter-
native with respect to the net returns to that
alternative (‘‘own return elasticities’’).
These elasticities indicate the percentage
change in the probability of a particular
land-use change for a 1% change in the
corresponding net returns. In 35 out of 60
cases, the own-return elasticities are positive
and significant at the 0.05 level. In the seven
cases where the own-return elasticities are
negative, they are never significantly differ-
ent from zero at the 0.05 level. The ‘‘cross-
elasticities’’ are the elasticities of the prob-
ability of choosing a particular use j with
respect to the profits of a different use k. In
all but four of 300 cases, the cross-
elasticities (not reported) are opposite in
sign to the own-return elasticities and thus
usually negative.

The elasticities indicate that landowners
starting with lands in crops or pasture
responded as anticipated to net returns
from alternative land uses. For land starting
in range, the own-return elasticities with
respect to urban net returns are positive and
significant, as well as the forest net return
elasticity for 1982–1997. None of the other
own-return elasticities for land starting in

TABLE 2

ESTIMATED COUNTY-LEVEL ANNUAL NET RETURNS PER ACRE FROM THE MAJOR LAND USES FOR THE 48
CONTIGUOUS UNITED STATES, 1978–1992

Variable ($/acre/year)a

Mean and (Standard Deviation) Change from 1978 (% Below)

1978
1978–
1982

1983–
1987

1988–
1992 1978

1978–
1982

1983–
1987

1988–
1992

Crop market net returnsb 102.0 43.2 52.0 70.6 0 258.8 250 231.4
(69.1) (34.4) (39.5) (46.6) 0% 257.7% 249.0% 230.8%

Government paymentsc 8.7 15.2 21.8 12.2 0 6.5 13.1 3.5
(4.7) (7.2) (8.8) (6.0) 0% 74.3% 149.0% 39.6%

Crop market plus government net
returnsd

110.7 58.4 73.8 82.8 0 252.3 236.9 227.9
(69.8) (38.4) (45.0) (48.2) 0% 247.3% 233.4% 225.3%

Pasture net returns 32.6 16.1 7.9 12.7 0 216.5 224.7 219.9
(28.4) (11.3) (8.0) (9.0) 0% 250.5% 275.6% 261.1%

Forest net returns 6.4 6.0 9.0 17.2 0 20.4 2.6 10.8
(6.4) (5.9) (9.0) (17.1) 0% 27.2% 39.7% 166.2%

Urban net returns 1,809.0 1,946.3 2,389.5 2,348.8 0 137.3 580.5 539.8
(1,808.9) (1,946.3) (2,389.4) (2,348.8) 0% 7.6% 32.0% 29.8%

Range net returns 11.3 11.2 10.3 10.4 0 20.1 21 20.9
(10.5) (10.1) (8.9) (9.3) 0% 21.4% 28.8% 28.0%

a Values are averages over each five-year period of weighted annual county-level returns (see Data Appendix). Values are in 1990
dollars, deflated using the producer price index for all commodities from the Bureau of Labor Statistics.

b Includes only the market-component of crop net returns (price times yield minus variable costs).
c Includes direct federal farm program payments per acre, excluding the Conservation and Wetlands Reserve Programs.
d The sum of the market-component of crop net returns plus direct federal farm program payments.

22 Because land virtually never transitions out of
urban uses, we do not model these potential land-use
changes and, in the simulations, assume land parcels
remain urbanized with 100% probability. We estimated
our model for points starting in CRP over 1992–1997 but
not 1982–1987 or 1987–1992. Some land became eligible
to exit the program in 1996 and changed to other uses by
1997. Other research models this post-CRP land use
(Roberts and Lubowski 2007).

23 Pseudo R2 values range from 0.71 to 0.95 for the
different equations. The positive and significant estimates of
the inclusive value parameters and tests (Hausman and
McFadden 1984) of a simpler, non-nested logit model with
the same variables are consistent with violations of the
‘‘independence of irrelevant alternatives’’ hypothesis, sup-
porting the use of the less restrictive nested logit specifica-
tion. However, the nested specification was not critical for
our overall findings, as the non-nested model yielded
qualitatively similar results in our land-use simulations.

24 Parameter estimates are reported in Lubowski
(2002), and are available from the authors upon request.
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range are significantly different from zero,
suggesting that range owners are relatively
insensitive to the profitability of alternative
uses, except for urban development. This is
reasonable, given that range lands tend to
be of the lowest quality and thus unsuitable
for other agricultural uses.

A final econometric consideration is that
land parcels located near one another may
have unobserved characteristics correlated
across space. If such characteristics influ-
ence land-use decisions or if local land-use
choices are interdependent, error terms will
be correlated across space, leading to
inconsistent and inefficient parameter esti-
mates in a logit model due to induced
heteroskedasticity (McMillen 1992). A
common approach for dealing with spatial
autocorrelation is to estimate a model with
a spatial weight matrix that relates the error
terms in each location to error terms in all
the other locations. In the context of
discrete dependent variable models, this
approach is very computationally intensive
and has only been applied to small data sets
(e.g., Carrion-Flores and Irwin 2004). We
explored the potential importance of spatial
dependence by eliminating observations
near to one another, an alternative method
adopted in previous discrete choice land-use
models (Nelson and Hellerstein 1997; Nel-
son, Harris, and Stone 2001; Cropper, Puri,
and Griffiths 2001). Estimates with samples
that included only a single point within each
NRI primary sampling area produced
results similar to estimates including all
points, suggesting that spatial dependence is
not a critical concern.25

IV. SIMULATIONS

In order to explore the relative importance
of factors affecting land use, we simulate
nationwide changes in landowners’ willing-
ness to supply land in different uses using
fitted values of land-use change probabilities
derived from the econometric model. These
simulations estimate changes in land alloca-
tion at the parcel-level given hypothetical
exogenous changes in land-use incentives.
Aggregating these individual responses
yields an estimate of changes in the national
supply of land in alternative uses under
various counterfactual scenarios for govern-
ment payments and market net returns.
These simulations suggest the direction of
impacts and the relative importance of
different factors affecting national land use.

Simulation Scenarios

We simulate a factual and eight counterfac-
tual scenarios (Table 4). The ‘‘factual’’ simu-
lation uses the historically observed values of
all variables and provides a baseline with
which to compare land-use changes under the
counterfactual scenarios. The counterfactual
scenarios differ in the levels of land-use net
returns used to compute transition probabil-
ities. In each counterfactual, we fix a particular
variable at a hypothetical level, keeping all
other variables at their actual historical values,
so as to identify the effects of individual factors
on the supply of land in each use. These
simulations illustrate how landowners would
have responded if equilibrium net returns
incentives had been different as a result of an
exogenous market or policy change.

Comparing the factual simulation with
counterfactuals in which particular variables
are held constant at 1978 levels allows us to
isolate the effects on land-use decisions of
changes in those variables that occurred over
the period of analysis, assuming all else had
remained constant.26 For example, the

25 Because the precise location of each point is not
disclosed to preserve confidentiality, there is no way to
directly test for spatial autocorrelation in a model with
NRI point data. However, NRI’s stratified sampling
design provides some information on spatial relation-
ships. Data on urban and water areas are collected for
about 300,000 primary sampling areas varying from 40 to
640 acres in size. More detailed land characteristics and
use data are collected at two to three points randomly
selected within each of these areas (Nusser and Goebel
1997). Restricting our sample to one point within each of
these clusters excludes points potentially on the same
parcel or otherwise likely to share features related to
location that might affect land-use choices.

26 Table 2 lists the estimated mean annual net returns per
acre over the different time periods and the absolute and
percentage changes subsequent to 1978. Landowners are
assumed to consider the average of 1978–1982 values when
choosing land-use over the first transition period (1982–1987).
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scenario ‘‘No Change in Crop Market
Returns’’ holds the market-component of
cropland net returns at 1978 levels, while
allowing government payments and all other
variables to take on their historically ob-
served values. By comparing the results with
the factual simulation, we can estimate what
impact changing crop market returns had on
land allocation decisions. In addition to
scenarios examining market-driven changes
in net returns, we explore the influence of
key government policies through additional
scenarios: No Change in Government Pay-
ments; No Government Payments; No
Conservation Reserve Program;27 and No
Government Payments and No CRP.

The simulations indicate the impact of
each factor examined on the national
supply of land in each use. Aggregating
individual decisions to supply land for a
particular use given an exogenous change
in the net returns to that use yields an
estimate of movements along the national
supply curve for that land-use alternative.
For example, our simulated changes in
cropland under the scenario ‘‘No Change

in Crop Market Returns’’ indicate move-
ments along the national supply curve
for cropland given a shift in cropland
demand. At the same time, more or less
cropland supplied will reduce or increase,
respectively, the amount of land available
for pasture, forests, and all other alterna-
tives. Our estimates of these changes thus
represent an inward or outward shift in the
land supply curve for each of these other
uses.

The estimated impacts on land supply
from our simulations are not equivalent to
estimated changes in equilibrium land use at
the intersection of both supply and demand
as determined simultaneously. If crop prices
had remained at their relatively high 1978
levels, for instance, less land might have
shifted from crops to alternative uses,
lowering the production and raising the
prices of pasture, range, and forest prod-
ucts. As a result, this would likely have
produced a different set of incentives and
resulting land-use allocation compared to
our simulation.

If such price feedbacks are significant,
our simulation results will overstate the
absolute equilibrium impacts from the
different market and policy factors, but still
reflect the relative ranking of effects at a
first order of approximation. Larger shifts
in the supply of land in a particular use will
induce greater movements along a down-
ward sloping demand curve for land in that

27 We keep all variables at historically observed
values, but remove CRP as a land-use option by zeroing
the terms in equation [3] for k 5 CRP. This yields a zero
probability of choosing CRP and reallocates the proba-
bility to the remaining alternatives, accounting for
differences in substitutability over choice sets as allowed
by the nested model.

TABLE 4

DESCRIPTION OF SIMULATION SCENARIOS

Scenario Description

Factual All returns at actual historical values
No Change in Crop Market

Returns
Fix crop returns from market (but not government

payments) at 1978 values
No Change in Government

Payments
Fix government farm payments at 1978 values.

No Government Payments Set government farm payments at zero
No Conservation Reserve Program

(CRP)
Eliminate CRP as land-use option

No Government Payments and no
CRP

Set government farm payments at zero and remove
CRP as land-use option

No Change in Pasture Returns Fix pasture returns at 1978 values
No Change in Forest Returns Fix forest returns at 1978 values
No Change in Urban Returns Fix urban returns at 1978 values
No Change in Range Returns Fix range returns at 1978 values
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use, producing larger changes in the price
for that land use. If limited to a single
sector—that is, price feedbacks affecting
land use A are mainly effects on the net
returns to use A—these feedbacks would
attenuate the equilibrium land-use impacts
from each factor, but still preserve our
estimates for the relative ranking of these
effects. Large enough price feedbacks
on the net returns to other uses, however,
could potentially alter these rankings.
Changes in the net returns to land use B
(e.g., range) might have very small direct
effects on the acreage and/or price of
land use A (e.g., crops), but have effects
on the price of land use C (e.g., pasture),
which in turn have large impacts on land
in use A. The likelihood of such in-
direct effects will depend on the relative
elasticities of supply and demand for the
different uses, namely the response of
acreage (and thus net returns) from C to
changes in net returns from B and the
relative sensitivity of land use A to the net
returns from C.

Although we do not model price feed-
backs, our simulations reveal the major
pathways along which market and policy
changes have affected land supply in each
use and the relative impacts on land supply
in other uses. This information provides a
gauge for when different feedback effects
may potentially be significant, depending
on the relevant elasticities of demand. To
reduce potentially confounding influences
from price feedbacks, we also examine
changes in land allocation in response to
smaller changes in our market and policy
drivers.

As a sensitivity test, we simulate scenarios
in which the changes in net returns and
government programs are reduced by just 5%
relative to historical levels. For example, we
simulate ‘‘5% Less Change in Crop Market
Return’’ where the absolute change since
1978 is reduced by just 5% in each period
relative to the factual simulation. This change
is one-twentieth compared to that in ‘‘No
Change in Crop Market Returns’’ where, as
already described, the change in crop market
net returns is set at zero (a 100% reduction

from the historical levels of change).28

Because the nested logit land-use change
probabilities are nonlinear functions of
each exogenous variable, the relative mag-
nitudes of the estimated effects can vary
even as all variables are scaled down
equally. Examining smaller levels of
changes provide estimates of the marginal
rather than overall impacts of the different
factors affecting national land-use changes
from 1982 to 1997.

Simulation Methods

Using the estimated coefficients from
our econometric model, land-use change
probabilities are calculated for each NRI
point and each transition period, using
point-level data on land use and land
quality together with county-level data on
net returns. We begin the simulations in
1982 with each NRI point in the land use
reported for 1982. We multiply the acreage
weight for the point by the estimated 1982–
1987 transition probabilities for the corre-
sponding initial land use to produce an
estimate of the area that converts from
1982 to 1987 from the initial land use to
each of the six potential land uses, includ-
ing the status quo. We then multiply these
predictions of land use in 1987 by the
corresponding 1987–1992 probabilities to
estimate land-use changes from 1987 to
1992; and we multiply the acreage predic-
tions for 1992 by the estimated 1992–1997
probabilities to estimate changes from
1992 to 1997. Summing the predicted acres
in each land use in 1997 across all the

28 ‘‘Five Percent Less Government Payments’’ and
‘‘Five Percent Less CRP’’ are scenarios with total payments
(in each period) and total CRP enrollment (in 1997)
reduced by 5%, respectively To simulate 5% less land in
CRP by 1997, we keep all variables at historically observed
levels, but scale the component of the utility function for the
CRP alternative so as to achieve the acreage target. This
can be viewed as a reduction in total CRP incentives, net of
conversion costs, applied in equal proportion across all
land quality types and time periods. For the combined
scenario ‘‘Five Percent Less Government Payments and
Five Percent Less CRP,’’ the utility from CRP needed to be
further scaled back to reduce CRP acreage by 5% given the
reduced incentives for cropland use.
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points provides estimates of land-use totals
for the 48 contiguous states in the final
year of the simulations.

Simulation Results

The simulation model performs well in
reproducing the direction and relative
magnitudes of land-use changes during the
period of analysis. The factually-simulated
1997 land uses are within 1% of actual totals
for each land use, except in the case of
urban land, for which the factual estimate is
within 2% of the actual value.29 The results
in Tables 5 through 10 indicate the relative
importance of the factors examined in the
different scenarios in driving acreage chang-
es for each land-use category across the 48
contiguous states over 1982–1997. The first
column of each table contains the simulated
acreage change under each scenario, pro-
viding an estimate of the impact on the
national supply of land in that use. The
second column indicates this acreage
change as a share of the factually-simulated
acreage change. The third column reports

the difference between the counterfactual
and factual acreage change as a percentage
of the factual acreage change. This provides
an estimate of the maximum share of the
historically observed change that can be
attributed to each factor in the absence of
attenuating price feedbacks. Comparing the
magnitudes of these values across rows
provides an estimate of the relative impor-
tance of the different market and policy
factors affecting national land use.

The ranking of these factors’ importance
is robust to smaller-sized changes which are
unlikely to involve price feedbacks. As
reported in the footnotes to Tables 5–10,
the relative ranking is virtually unchanged if
we scale down the historical changes by
only 5%, rather than 100%. Thus, in
general, results from our simulations based
on the larger changes also convey the
relative importance from more marginal
changes in the different factors affecting
national land use from 1982 to 1997. One
exception is the relative importance of
forest net returns in driving changes in
forestland and, by extension, rangeland, as
described further below.

Cropland. In the case of cropland
(Table 5), the introduction of CRP fol-
lowed by declining crop market conditions
were the most important determinants of
the decrease in cropland observed between

29 Simulated land-use changes are also in line with the
NRI. For 1982–1997, the NRI indicates that crop,
pasture, and range areas decreased by 10.44%, 8.91%,
and 2.59%, while forest and urban acres increased by
0.88% and 47.19%, respectively. Our corresponding
factually-simulated changes are 9.82%, 8.30%, and
1.93%, and 0.46% and 49.70%.

TABLE 5

SIMULATED CHANGE IN CROP ACREAGE IN CONTIGUOUS UNITED STATES, 1982–1997

Scenario
Change in Crop
Acres (1,000s)

Factually Simulated
Change (%)

Maximum Acreage Change
Attributable to Variable Fixeda (%)

Factual Simulation 241,137 100.0 0.0
No Change in Crop Market Returns 223,477 57.1 242.9
No Change in Govt. Payments 244,670 108.6 8.6
No Government Payments 248,627 118.2 18.2
No CRP 211,826 28.7 271.3
No Government Payments and no CRP 216,359 39.8 260.2
No Change in Pasture Returns 248,262 117.3 17.3
No Change in Forest Returns 242,532 103.4 3.4
No Change in Urban Returns 240,527 98.5 21.5
No Change in Range Returns 241,061 99.8 20.2

a The difference between the counterfactual and factual simulation divided by the factual simulation. Positive (negative) values indicate
that the crop acreage decrease was smaller (greater) in the factual versus counterfactual simulation. When the historical changes are
reduced by 5%, rather than 100%, the results in descending order are 0.00%, 22.25%, 0.42%, 0.89%, 23.70%, 23.16%, 0.87%, 0.02%,
20.10%, and 20.01%.
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1982 and 1997. Disaggregated results indi-
cate that the decline in crop net returns
chiefly induced land to leave crop produc-
tion, while also discouraging the entry of
new cropland, shifting the supply of crop-
land by an estimated 10.7 million and
6.9 million acres, respectively. The change
in crop net returns principally affected land
at the margins with pasture and the CRP.
While falling crop net returns spurred
landowners to leave crop production, gov-
ernment farm payments played a role in
blunting the effect of market forces. The
sum of all government payments offset an
estimated 42% of the decline induced by
crop markets, increasing 1997 cropland by a
maximum of 7.5 million acres or 2% in the
absence of price feedbacks. The disaggre-
gated results indicate that government
payments boosted crop acreage chiefly by
increasing the retention of existing crop-
land, rather than by bringing new land into
cultivation.

The land-use effects of government pay-
ments that raised the profitability of crop-
land were dwarfed by the success of the
CRP in retiring cropland over 1982–1997.
The estimated combined effect of CRP and
direct federal farm program payments was
to reduce 1997 cropland supply by 24.8 mil-
lion acres or almost 7%. The CRP accounts
for an estimated 29.3 million acre (8%)

decline in cropland supply from 1982 to
1997 or as much as 71% of the decline in
crop acres during this period without any
price feedbacks. This suggests that approx-
imately 91% of land in CRP in 1997
constituted additional reductions in crop
acreage over and above the decrease that
would have occurred in the absence of the
program.30

The decline in pasture net returns after
1978 also appears to have been a significant
factor restraining the crop area decrease,
with an estimated effect on cropland supply
equivalent to that of all direct government
payments. Other factors had only minor
estimated impacts on the supply of crop-
land. Changes in forest net returns re-
strained the decline in cropland by an
estimated 3.4%, while changes in urban
returns increased the decline by an estimat-
ed 1.5%.

CRP and pasture. The key determinants
of CRP enrollment were changes in crop-
land net returns (Table 6), while govern-
ment payments also reduced incentives for

30 The fact that some fraction of CRP land may have
exited crop production even without the program is
distinct from the notion of ‘‘slippage,’’ the possibility that
crop acreage reductions in CRP might be offset by
induced increases in cropland in other areas (Wu 2000;
Roberts and Bucholtz 2005).

TABLE 6

SIMULATED CHANGE IN CONSERVATION RESERVE PROGRAM (CRP) ACREAGE IN CONTIGUOUS UNITED

STATES, 1982–1997

Scenario
Change in CRP
Acres (1,000s)

Factually Simulated
Change (%)

Maximum Acreage Change
Attributable to Variable Fixeda (%)

Factual Simulation 32,437 100.0 0.0
No Change in Crop Market Returns 26,368 81.3 218.7
No Change in Govt. Payments 34,048 105.0 5.0
No Government Payments 35,718 110.1 10.1
No CRP 0 0.0 2100.0
No Government Payments and no CRP 0 0.0 2100.0
No Change in Pasture Returns 31,540 97.2 22.8
No Change in Forest Returns 32,374 99.8 20.2
No Change in Urban Returns 32,475 100.1 0.1
No Change in Range Returns 32,439 100.0 0.0

a The difference between the counterfactual and factual simulation divided by the factual simulation. Positive (negative) values indicate
that the CRP acreage increase was smaller (greater) in the factual versus counterfactual simulation. When the historical changes are
reduced by 5%, rather than 100%, the results in descending order are 0.00%, 21.14%, 0.24%, 0.48%, 25.00%, 25.00%, 0.14%, 0.01%,
20.01%, and 20.00%.
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CRP enrollment.31 The observed decline in
pasture area was partly due to decreases in
pasture net returns, but this was less
important than the decrease in crop net
returns, which restrained the decline in
pasture acres (Table 7). Government poli-
cies also had significant impacts on pasture
acreage. Both government payments and

the CRP raised incentives for non-pasture
land uses, promoting the decline in pasture
acres. The CRP reduced pasture acres by
diverting cropland that would have con-
verted to pasture in the absence of the
program. To the extent that CRP was a
dominant factor behind the decline in
cropland, it may have had a positive
influence on cropland net returns, an
important determinant of pasture acreage.
Through this indirect feedback, CRP may
have had an additional effect on reducing
pastureland that we do not measure.

Forests and range. In the case of forest
land, the rise in forest net returns after 1978
was the most important factor affecting

31 Although illustrative of the direction and relative
magnitude of the impacts of factors, our results should
not be interpreted as realistic estimates of total CRP acres
under the different scenarios. In the simulations, the
policies governing the program are held constant and the
government is assumed to accept acres of each quality
into CRP with the same historically-observed probability,
allowing total acreage to expand and contract according
to the amount of land offered for enrollment.

TABLE 7

SIMULATED CHANGE IN PASTURE ACREAGE IN CONTIGUOUS UNITED STATES, 1982–1997

Scenario
Change in Pasture

Acres (1,000s)
Factually Simulated

Change (%)
Maximum Acreage Change

Attributable to Variable Fixeda (%)

Factual Simulation 210,812 100.0 0.0
No Change in Crop Market Returns 219,645 181.7 81.7
No Change in Govt. Payments 29,257 85.6 214.4
No Government Payments 27,434 68.8 231.2
No CRP 28,205 75.9 224.1
No Government Payments and no CRP 24,546 42.0 258.0
No Change in Pasture Returns 22,826 26.1 273.9
No Change in Forest Returns 211,049 102.2 2.2
No Change in Urban Returns 210,153 93.9 26.1
No Change in Range Returns 210,785 99.7 20.3

a The difference between the counterfactual and factual simulation divided by the factual simulation. Positive (negative) values indicate
that the pasture acreage decrease was smaller (greater) in the factual versus counterfactual simulation. When the historical changes are
reduced by 5%, (rather than 100%, the results in descending order are 0.00%, 4.11%, 20.71%, 21.54%, 20.68%, 22.29%, 23.26%, 0.05%,
20.35%, and 20.01%.

TABLE 8

SIMULATED CHANGE IN FOREST ACREAGE IN CONTIGUOUS UNITED STATES, 1982–1997

Scenario
Change in Forest

Acres (1,000s)
Factually Simulated

Change (%)
Maximum Acreage Change

Attributable to Variable Fixeda (%)

Factual Simulation 1,847 100.0 0.0
No Change in Crop Market Returns 293 15.9 284.1
No Change in Govt. Payments 2,033 110.0 10.0
No Government Payments 2,259 122.3 22.3
No CRP 2,122 114.8 14.8
No Government Payments and no CRP 2,550 138.0 38.0
No Change in Pasture Returns 2,958 160.1 60.1
No Change in Forest Returns 2616 233.4 2133.4
No Change in Urban Returns 3,181 172.2 72.2
No Change in Range Returns 1,861 100.7 0.7

a The difference between the counterfactual and factual simulation divided by the factual simulation. Positive (negative) values indicate
that the forest acreage increase was smaller (greater) in the factual versus counterfactual simulation. When the historical changes are
reduced by 5%, rather than 100%, the results in descending order are 0.00%, 23.33%, 0.51%, 1.12%, 20.67%, 1.85%, 2.07%, 20.36%,
4.18%, and 0.00%.
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changes in supply (Table 8). The rise in
forest net returns had a greater influence
reducing acreage changes from forests
rather than increasing conversions of land
into new forests. The decline in crop net
returns after 1978 also had an important
influence on forestland change. In addition,
the rise in urban net returns was an
important factor affecting forest area chang-
es, restraining forest increases. Government
policies also influenced forestland changes
by increasing incentives for alternative land
uses. As noted in the case of pasture, to the
extent that the CRP raised cropland net
returns, the program may also have had an
indirect effect on reducing forestland that is
not captured by our estimates.

In the case of range acreage, the observed
decline was mainly induced by increases in
forest net returns after 1978, which ac-
counted for up to 50% of the range area
decrease (Table 9). Declines in pasture net
returns and crop returns restrained the
decline in rangeland, while the rise in urban
net returns increased it. Other factors are
estimated to have minor effects on range-
land. If changes in crop net returns and
government payments reduced forest area
enough to raise forest net returns, however,
these factors could have had an additional
negative effect on rangeland acres.

When we examine the smaller scenarios
entailing a 5% reduction from the historical
trend, the change in forest net returns declines

from being the highest ranked factor driving
the forest acreage change to second-to-last in
importance behind the change in rangeland
net returns. Because this smaller impact on
forest acres means less land is diverted from
range at the margin, the relative importance
of forest net returns on the change in
rangeland acreage also declines compared to
the scenarios with the full-scale changes.

Urban areas. Urban areas increased by
nearly 50% in the factual simulation
(Table 10). The only substantial driver of
this urban expansion was the increase in
urban net returns, which accounted for as
much as 13% of the increase in urban land
area.32 We estimate that the decline in crop
net returns boosted the increase by a
maximum of 2%, while other factors had
trivial effects, affecting the change in urban
areas by less than 1% overall.

V. CONCLUSIONS

The econometric and simulation analyses
demonstrate that private land-use decisions
have depended critically on land quality and
have been steered by anticipated economic
returns to alternative uses, which in some cases

TABLE 9

SIMULATED CHANGE IN RANGE ACREAGE IN CONTIGUOUS UNITED STATES, 1982–1997

Scenario
Change in Range

Acres (1,000s)
Factually Simulated

Change (%)
Maximum Acreage Change

Attributable to Variable Fixeda (%)

Factual Simulation 27,971 100.0 0.0
No Change in Crop Market Returns 28,601 107.9 7.9
No Change in Govt. Payments 27,890 99.0 21.0
No Government Payments 27,771 97.5 22.5
No CRP 28,134 102.1 2.1
No Government Payments and no CRP 27,950 99.7 20.3
No Change in Pasture Returns 29,067 113.8 13.8
No Change in Forest Returns 23,998 50.2 249.8
No Change in Urban Returns 27,311 91.7 28.3
No Change in Range Returns 28,157 102.3 2.3

a The difference between the counterfactual and factual simulation divided by the factual simulation. Positive (negative) values indicate
that the range acreage decrease was smaller (greater) in the factual versus counterfactual simulation. When the historical changes are
reduced by 5%, rather than 100%, the results in descending order are 0.00%, 21.30%, 20.05%, 20.13%, 0.05%, 20.08%, 20.15%,
20.11%, 20.67%, and 0.08%.

32 The relatively low explanatory power of the urban net
return variable could be a result of the coarseness of our
data. While our measure of urban net returns is at the
county level, there is a great deal of within-county variation
in development potential that our measures do not capture.
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have been affected significantly by public
policies, sometimes intentionally and some-
times unintentionally. The evidence is strong
that cropland declines over the past two
decades have been due to falling crop net
returns and the existence of the Conservation
Reserve Program (CRP), as has been suggest-
ed by other research (Vesterby and Krupa
1995; Alig, Dicks, and Moulton 1998). We
have also isolated the opposing influences of
the CRP and other federal farm payments. By
raising the profitability of cropland, the
government increased acreage in crops and
directly competed with itself in providing
incentives for landowners to retire environ-
mentally-sensitive cropland under the CRP.
The increase in cropland area also came largely
at the expense of land in pasture. Because
cropping is a more intensive land use, typically
involving greater application of agricultural
chemicals, government payments are likely to
have had unintended environmental impacts.

Apart from environmental impacts, the
effect of government programs on aggre-
gate crop production is a critical issue for
on-going deliberations on global trade
liberalization.33 We estimated the contribu-
tion of CRP and direct Federal payments,

two major elements of U.S. farm policy, to
aggregate crop production.34 Excluding
CRP and WRP, direct federal payments to
farmers increased land in crops by as much
as 2% in 1997, partially offsetting the
acreage decline due to the change in crop
commodity markets. Our results also indi-
cate that the positive effects on crop acres of
direct federal payments to farmers were
more than offset by cropland retirement
under the CRP.35

For forest areas, we identified the rise in
timber net returns as the most important
factor driving the increase in forest areas
between 1982 and 1997. This is consistent
with reports that the increase in forests
largely involved timberland acreage

34 We did not examine the effects of agricultural tariffs
or the influence of indirect federal assistance to farmers,
such as subsidized crop insurance through private firms,
or federal funding of agricultural research or other third-
party activities. Hoekman, Ng, and Olarreaga (2003)
estimate that agricultural tariffs worldwide have had
more than twice the impact on trade flows as domestic
support policies. Lubowski et al. (2006a) estimate that
crop insurance subsidy increases after 1994 raised
cultivated acreage in 1997 by about 1%, with dispropor-
tionate impacts on wetlands and other environmentally
sensitive lands.

35 Our estimates for the historic impact of direct
government payments on crop acreage lie the middle to
upper range of other studies (Westcott and Price 2001;
FAPRI 2001). Previous studies have also estimated
offsetting effects of CRP and direct federal farm
payments under recent Farm Acts (Gardner 2002;
Westcott, Young, and Price 2002).

TABLE 10

SIMULATED CHANGE IN URBAN ACREAGE IN CONTIGUOUS UNITED STATES, 1982–1997

Scenario
Change in Urban

Acres (1,000s)
Factually Simulated

Change (%)
Maximum Acreage Change

Attributable to Variable Fixeda (%)

Factual Simulation 25,635 100.0 0.0
No Change in Crop Market Returns 25,062 97.8 22.2
No Change in Govt. Payments 25,736 100.4 0.4
No Government Payments 25,855 100.9 0.9
No CRP 26,043 101.6 1.6
No Government Payments and no CRP 26,304 102.6 2.6
No Change in Pasture Returns 25,657 100.1 0.1
No Change in Forest Returns 25,821 100.7 0.7
No Change in Urban Returns 22,336 87.1 212.9
No Change in Range Returns 25,704 100.3 0.3

a The difference between the counterfactual and factual simulation divided by the factual simulation. Positive (negative) values indicate
that the urban acreage increase was smaller (greater) in the factual versus counterfactual simulation. When the historical changes are
reduced by 5%, rather than 100%, the results in descending order are 0.00%, 20.11%, 0.02%, 0.04%, 0.08%, 0.13%, 0.01%, 0.04%, 20.83%,
and 0.01%.

33 Federal farm payments under CRP and other envi-
ronmental programs are currently permitted by WTO rules
under the ‘‘green box’’ exemption if they are deemed ‘‘mini-
mally trade distorting.’’ On the other hand, trade-distorting
impacts of direct payments are potentially actionable,
regardless of countervailing impacts from other programs.
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(Anderson and Magleby 1997; Alig, Dicks,
and Moulton 1998). We also identified
declining crop net returns as a major factor
affecting forest area during this period,
which is consistent with reports that forest
areas have increased due to passive re-
growth on abandoned agricultural lands
(Alig and Wear 1992; Anderson and
Magleby 1997; Alig, Dicks, and Moulton
1997; Flather, Brady, and Knowles 1999).
Our findings suggest that policies targeting
forest net returns, such as payments for
carbon sequestration, are likely to be
particularly effective at encouraging the
retention of existing forests, rather than
new forest establishment, as others have
also suggested (Newell and Stavins
2000).36 We also find that the marginal
impact of forest net returns on forestland
acreage is sensitive to the level of the
simulated changes, suggesting that policies
targeting forest net returns may be rela-
tively ineffectual until the change in
incentives exceeds a critical threshold.
Urban net returns appear as the only
significant driver of urban land increases,
supporting the notion that the dramatic
increase in urban land observed subse-
quent to 1982 was largely a response to
increased housing demand driven by de-
mographic changes and economic growth
(Heimlich and Anderson 2001). Our find-
ings suggest that efforts to protect open
space by increasing net returns to agricul-
tural uses are likely to have only limited
impacts. Once urban development be-
comes feasible, development returns are
so much greater than returns to other land
uses that observed changes in non-urban
returns are of insufficient magnitude to
make a significant difference. This may
explain why use-value assessments and
other preferential tax policies, employed
in virtually all states to encourage the
retention of cropland, have had minimal

effects in restraining urban development
(Heimlich and Anderson 2001). This sug-
gests that more targeted and aggressive
policies would be needed to reduce urban-
ization, such as land purchases, acquisition
of development rights, and substantial
development charges.

This study demonstrates the importance
of modeling land-use change in a framework
that incorporates changes among all major
land-use alternatives. With the notable
exception of urban land, our findings
highlight the importance of net returns to
a variety of land-use categories as determi-
nants of land area change for particular
uses. The results indicate the margins that
are most active for particular land-use
categories and the variables that conse-
quently have the greatest influence on the
area allocated to these uses. These factors
represent the most powerful market-based
mechanisms for the government to influence
land-use changes either unintentionally or
through deliberate policy interventions.

DATA APPENDIX

Land Use

Our data on land use is from USDA National
Resources Inventory (NRI). ‘‘Cropland’’ includes
row- and close-grown crops, fallow, pasture, and
haylands, in rotation with crops, permanent hay-
lands, vineyards, orchards, and nurseries. ‘‘Pasture’’
includes land managed for introduced forage for
livestock grazing. ‘‘Range’’ includes land under
native or introduced forage suitable for grazing
which receives only limited management. ‘‘Forests’’
are areas at least one acre in size and 100 feet in
width that are least 10% stocked with trees with the
potential to reach 13 feet at maturity. This translates
to a canopy cover of at least 25%. ‘‘Urban lands’’
include areas in residential, industrial, commercial,
or institutional uses. Parcels below ten acres, such as
small parks and transport facilities, are also classed
as urban if they are completely surrounded by urban
lands. This definition excludes roads and other lands
used for transportation in non-metropolitan areas,
as these are separately identified by the NRI.

Crop Market Net Returns

Data on prices, yields, cash costs, and acres
are used to compute weighted county-level market

36 This conclusion could vary regionally. In contrast
to our national-level results, Plantinga and Ahn (2002)
estimate that in the U.S. South Central region policies to
convert land to forests would be less costly than policies
to retain existing forests.
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net returns for 21 major crops. State-level mar-
keting-year-average prices and county-level yields
are from the National Agricultural Statistics
Service (NASS). Data on cash costs as a share of
revenue at the state and regional level, respectively,
are from the Census of Agriculture and the
Economic Research Service’s (ERS). County acre-
age from NASS and the Census of Agriculture
provided weights for averaging across individual
crops.

Government Payments

County-level estimates of total federal pro-
gram payments per acre are from the Census of
Agriculture and include receipts from de-
ficiency payments, support price payments, indem-
nity programs, disaster payments, and payments for
soil and water conservation projects. Conservation
Reserve and Wetlands Reserve program payments
are excluded.

Pasture Net Returns

Annual net returns per acre for pasture are
estimated using pasture yields from the SOILS-5
database linked to the NRI, state prices for ‘‘other
hay’’ from NASS, and per acre costs for hay and
other field crops from the Census of Agriculture.

Range Net Returns

Annual rangeland net returns per acre are
computed with forage yields from SOILS-5 and
state-level per head grazing rates for private lands
from ERS.

Forest Net Returns

We use a 5% interest rate to annualize the
estimated net present value of a weighted average
of sawtimber revenues from different forest types
based on prices, yields, costs, and acres. State-level
stumpage prices were gathered from state and
federal agencies and private data services. Regional
merchantable timber yield estimates for different
forest types were obtained from Richard Birdsey of
the U.S. Forest Service. Regional replanting and
annual management costs were derived from
Moulton and Richards (1990) and Dubois,
McNabb and Straka (1999). The Faustmann
formula was used to compute the optimal rotation
age, assuming forests start newly planted at year
zero. County acreage and timber output data from
the Forest Inventory and Analysis (FIA) and
Timber Product Output (TPO) surveys of the
U.S. Forest Service provided weights for averaging
across individual forest types and species, respec-
tively.

Urban Net Returns

Annual urban net returns per acre are estimated
as the median value of a recently-developed parcel,
less the value of structures, annualized at a 5%
interest rate. Median county-level prices for single
family homes were constructed from the decennial
Census of Population and Housing Public Use
Microdata Samples and the Office of Federal
Housing Enterprise Oversight (OFHEO) House
Price Index. Regional data on lot sizes and the
value of land relative to structures for single-family
homes were from the Characteristics of New
Housing Reports (C-25 series) and the Survey of
Construction (SOC) micro data from the Census
Bureau.

Additional data descriptions are provided
in Lubowski (2002) and are available upon
request.
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