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Abstract

The U.S. South covers roughly 24 percent of thal tand area and 30 percent of the
unreserved forest area of the United States. Dutlmgg past few decades, the region has
experienced dramatic land use as well as forest tipanges due to rapid economic and
population growth, and different returns in laneésisThese kinds of changes, though meeting
the needs of economic development, may resultvarseenvironmental degradation such as air
and water pollution, loss of biodiversity, wildlifeabitat fragmentation, and increased flooding,
which will threaten the environment. This disseoiatincludes three essays to address these
kinds of land use and environmental changes froon@uic perspectives.

The first essay (chapter 2) presents an empiaalysis of the contributing factors that
driven land use and land use changes in the Squépjblying a random parameter logit (RPL)
model using the USDA National Resources InventdfRl) 1982-1997 five-year interval land
use and land quality data. Results indicate thad lase and land use changes in the US South
follow the classic land-use theory that higher eeoit returns cause lands to transit to or to
remain in a certain use. Human disturbance is @anatfain factor that results in the loss of rural
lands. However, land use transition probabilitiethwespect to economic returns and population
density are both inelastic. The importance of edoving factor and the policy implications are

addressed and discussed as well.



The second essay (chapter 3) projects the futstelwition of forest types in the South
by examining the factors that directly or indirgatifluence historical forest type changes using
a two-stage discrete choice model, and exploreseth@ronmental consequences caused by
forest type transition in terms of carbon sequésineon forest lands. Projection results indicate
that the area of pine plantation will keep incregsiwith a total increase rate of 58 percent
during 1997-2047, and the areas of natural pine leardwoods will decline. Comparing the
projections of carbon stocks on forest lands witld avithout forest type transition, carbon
storage from the dramatic change of increase oft@thpine, and decline of other forest types
are not significantly different from that withoutrest type transition.

The third essay (chapter 4) explores how land lis@@e decisions are determined by
private landowners when property taxes are invoivelind use management strategy. Taking
North Georgia as the empirical study area, a randarameter logit model is applied to examine
how property tax, especially the current use vadmgproperty tax policy influences landowners’
land use change decisions. Results indicate thapepty taxes have a negative impact on
landowner’s land use and land use change decisrdmnish means that the higher the property
tax for a land use, the lower the probability afda converting to or remaining in that use. It is
inelastic and varies among plots. Without the curnese valuation assessment property tax
policy, there would be an extra 8,000 acres crafdaan extra 10,000 acres pasture lands, and an
extra 10,000 acres of forest decrease in North g&&owhich is about 0.25 % of the total area of

rural lands of North Georgia.
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Chapter 1. Introductidn

The area of U.S. 13 southern states covers roighpercent of the total land area of the
United States. Forests of the region account fop&@ent of the unreserved forest area of the
country and 27 percent of all forest lands (Smittale 2009). It is the most important timber
production region, and it holds about two-fifthstleé timberland, and produces about 58 percent
of U.S. industrial roundwood and three-fourths afat U.S. pulpwood in 2002 (Smith et al.
2004, Zhang and Polyakov 2010). In the past fewades, the U.S. South has experienced
dramatic land use and forest type changes. Sileofdp ten states that lost cropland, forests, and
other types of rural open space to urban developmere in the South in 1992-1997 (Alig and
Ahearn 20065.Pine plantations have increased by around 12anilliectares over the past 40
years within afforestation from agricultural lands well as internal forest type transitions
(Haynes 2003).

Land use and land use changes are considereddiod®y linked to public policy and
environmental conditions and have significantly aofed local residential living conditions,
economic development and social welfare (Lubowskale 2006a). Figure 1 shows the link
between land use, public policy and environmeréa#. Land use and management strategies
are determined by external factors, public poliagd land attributes. External factors such as
product demands of society, landowners’ individpegferences, technology, and trade laws

could influence land use management behavior d§rectindirectly which is from reflections of

! This dissertation uses the official format reqdibsy the journaforest Science
2 They are Texas, Georgia, Florida, North Carolifennessee, and South Carolina in a descending. order
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market responses. Land use and management dedisiseg on public policy and land attributes
have environmental consequences. However, envimtaneand social costs and benefits
associated with different land use and land usexgds are seldom considered by individual
landowners when they make land use decisions (Lekio2002). Thus a private landowner’s
motivation to maximize profits or utilities from specific land use could result in pervasively

aggregated externalities, which may not be reashiserved in a short term.

Public Palicy
Crop insurance

Commodity programs

CRP
External Factors EQIP Land Attributes
Food and timber demand Soil type
Individual preferences Slope
Trade laws Lopation
Technology Climate

N o

L and Use and M anagement
Extensive Margin Intensive Margin
Broad land-use choices Crop choice
(e.g. crops, pasture, forestlPesticide use

Stoukrate
Tile practices

Mitigation efforts

FEEDBACK \

M ar ket Responses Environmental Outcomes
Commodity prices Erosion
Input prices Wildlife
Organizational structure Water quality

Figure 1. Link between policy, land use, and tha@renment.
Source: Lubowski et al. 2006a.



In the Southern U.S., about 90 percent of the lendinder the control of private
individuals (Forest Service 2002). Though driven mmaximizing profits or utilities to
landowners, final decisions on land use and lardcosiversions are influenced by public policy,
market conditions, and demographics.

Public policy often puts a judicious limit on pradion and consumption of the goods
and services in the society. The goal of publidgyoWith regard to land use is to protect the
public’s interests in sustainably managing privited resources through a complex mix of
information, education, regulation, technical assise, fiscal and tax incentive programs, and to
narrow the divergence between privately and sgc@timal land allocations by modifying the
economic incentives faced by private landownerar(ftiga and Ahn 2002). It can affect land
use decisions in a variety of ways.

In the United States, property tax is one of thestnoten used public programs used by
government to manage private lands through inangatie relative net returns to landowners,
thus to encourage them to convert lands to orrédaids in a desired use. Property tax deduction
has been ranked as the top preference for govetaspansored programs for nonindustrial
private forest landowners in the Midwest and theosd top in the Southeast (Hibbard et al.
2000, Megalos and Cubbage 2000). The primary mestmano accomplish property tax
deduction is preferential assessment with a usgevadsessment methodology (Anderson 2003).
This method uses current use instead of markessesa values of property for tax purpose in
order to restore balance between taxable valueurad properties and individual landowners’
potential producing income, and to provide taxefefor rural landowners to retain lands in

traditional uses.



Table 1. Current use property tax policy in theteetn United States

State Property Tax Qualifications Administration Withdraw penalties
Programs
Alabama Current use value File application with Tax based on fair
county tax assessor; market value or sale
application must price are due for the
include soil type three proceeding
years
Arkansas Special timberland
tax
Florida Agricultural Length of time land has been utilized;Must apply with
classification Whether lands has been continuous ;property appraiser
Purchase price; size; management
practice; is there a lease
Georgia Conversion use Maximum 2000 acres; property must must apply with
assessment for remain devoted o qualifying use; county assessor;
timberland owner must be natural or naturalized 10 years agreement
citizen; must have certified soil map.
Conversion use Maximum 2000 acres; owner must bel0 years agreement
assessment for natural or naturalized citizen; types of
environmentally eligible land.
sensitive lands
Kentucky Growing timber is Parcel must be 1 minimum of 10
classified acres
as an agricultural use
Louisiana  Timberland must be at least 3 acres or produce amust apply with
classification least $2000/yr in avg. annual income parish assessor; apply
every four yeal
Forest protection tax To aid in fire
protection
Mississippi  Forest land classified
as
agricultural land use
North Forest land minimum of 20 acres; current owner must file with county  deferred taxes,
Carolina classification must own parcel for past 4 years assessor interest, and
penaltie
Oklahoma  Managed timberland
is assessed
at its current value
for use
South Agricultural At least 5 acres or land produces must apply with difference in taxes
Carolina classification $1000 of income in 3 of every 5 assessor for previous 5 years
years.
Tennessee  Farm property Greater than 15 acres with quality  to assessor; Roll back taxes
classification and quantity to signify a forest; no  one time application
more than 150acres
Texas Open space land devoted to timber production 5 of File application with  difference in taxes
devoted to past 7 years chief appraiser. for past Syears at
timber productio 7% interes
Restricted use Parcel must be in aesthetic
timberland management zone, critical wildlife
habitat zone, or streamside
management zon
Virginia Forest use Minimum 20 acres; growing must submit difference in taxes
classification commercial crop or parcel is in a application for pervious 5 years

planned timber management
program

Source: Hibbard et al. 2001.



Every state in the U.S. South provides some soprefierential property tax treatments
for rural lands. Table 1 presents the current uspegrty tax policy in this region based on
special property tax classification or property pe&grams. Landowners with eligible lands can
enroll the program by signing contracts with thevejoment or county tax assessors with a
restriction of minimum or maximum tract size, minim annual production, and minimum
period of continuous forest cover, ownership, andirzg (Hibbard et al. 2001, Polyakov and
Zhang 2008). The simplest goals of these propastyprograms are to mitigate the higher tax
burden of landowners, to compensate them for impgvand management and increasing
agricultural or wood fiber production, and to pmeithem more leeway to keep lands in their
rural uses.

The overall objectives of this dissertation are dgstematically document the
determinants of land use and land use transitiodsfarest type changes in U.S. South, and to
predict the effects of the future forest type chemgn carbon stocks on forest lands. The main
part of this dissertation has three essays.

Essay 1 (Chapter 2) investigates the observed rdetants of land use and land use
changes in the Southern U.S. for six major landaasegories by applying a Random Parameter
Logit model using panel data of USDA National Resea Inventory (NRI) sample plots. The
model is used not only to fully relax the Indepamuke of Irrelevant Alternatives (lIA)
assumption of logit models, but also to capturetémeporal correlation between observations of
the same sample plot, heterogeneity of marginétyutf economic factors among landowners,
and complex substitution patterns between altaredéind uses. Results indicate that economic

return, population density, and land quality are kactors driving lands from rural use to



developed purpose. Economic returns positively caffand use change decisions and land
conversions are more likely to happen among the wiid similar land quality.

Essay 2 (Chapter 3) presents an empirical andilyssgplore how forest type changes in
the U.S. South conditional on changes in land tisdger market, and demographic conditions
using USDA Forest Service Forest Inventory and psial (FIA) periodic data, and to compare
carbon sequestrations potential under forest typge@ed from the estimation results with a
non-transition strategy that eliminates forest tgpaversion. Results indicate that the trends of
increase of planted pine and decrease of natunal gmd hardwoods will continue in the coming
half century. Planted pine will increase by 58 patcfrom 10.2 million hectares to 16.1 million
hectares, and natural pine, mixed hardwoods, btdtuirhardwoods, and upland hardwoods will
decrease by 30 percent, 23 percent, 18 percert pedcent respectively. The transition among
forest types ends to a 1.23Gg Carbon (C) decrdasarioon stocks on standing forests, and 0.5
Gg C increase of carbon stocks on both forestsf@medt products in 2047. Considering carbon
emission by energy recapture, there will be a G80C decrease of carbon sequestration in total
caused by forest type transition.

Essay 3 (Chapter 4) examines how the public paligyent use valuation property tax
policy influences land use change decisions in @aolNorth Georgia is taken as an empirical
study area to quantify the influence of Current Wsduation (CUV) property taxes policy on
land use change decisions. The simulation resodisate that without this program, there will
be an extra 8,000 acres croplands, an extra 1&0@3 pasture lands, and an extra 10,000 acres
forests decrease in the North Georgia.

Chapter 5 draws the main conclusions of this diggen and discusses future works.



Chapter 2. A Random Parameters Logit Study on Wseland

Land Use Transition Patterns in the Southern U.S.

1. Introduction

Land use change has become an inevitable envirdaimehange in the twenty-first
century. The trends of decline in rural lands arda@sion of urban or developed lands have
produced observed negative externalities such raanai water pollution, loss of biodiversity,
wildlife habitat fragmentation, and increased flomd The causes and consequences of changes
in land use have been examined by a growing nurmab&conomists and environmentalists
through using various methods.

As a whole, the 13 Southern states in the U.S.rcaveghly 24 percent of the land area
of the United States, about 93 percent of whiclotgd to private landowners (Forest Service
2002, NRI 2007)Land use statistics for four major land use categdn the South from 1945 to
2007 show a decline in cropland and forest, a sligtrease in pastureland, and a significant
expansion in developed areas (Figure 2.1). Fron2 1®2007, U.S. South has experienced more
land use transition than any other U.S. region—armgp acreage dropped by 26.2 percent, from
107 million to 79 million acres, while developeddause increased by 72.0 percent from 25
million to 43 million acres (NRI 2007). The mairetmds in land use change include land use
conversion from forestry and agricultural lands nmre intensive uses; transition between
marginal agricultural lands and forestry; and tiémrs within agricultural uses under different

land quality (Rudel 2001, Wear and Greis 2002, &aby and Zhang 2008).
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Figure 2. U.S. South major land use changes frof% 1@ 2007

Economic growth, urbanization, and decentralizatbthe population are found to cause
the conversion of rural lands to urban uses (Nel&¥#0, Plantinga 1996, Nagubadi and Zhang
2005, Polyakov and Zhang 2008), and much of thanigation occurring in the South is found
to be driven by population growth and migration i¢®n 2002). The loss of rural lands and
negative impacts on environmental change by hunistnrdance could be more severe in the
South in the coming decades due to the rapid popolgrowth. Based on the latest Census
Bureau statistics, the South is the fastest growaggon in the U.S. in terms of growth rates of
population. Among the top 100 fastest growing c@sin the country, 64 counties belong to

this region ittp://www.census.gov/popest/counties/CO-EST2004:64).° The rapid growth of

population calls for more home sites, roads, comiakeand industrial lots and other non-rural
intensive uses, and thus increases the competifiaural lands, particularly lands in rural-urban

interface.

¥ Among the 64 fasted growth counties, FL, GA, TX,,\WIC, KY, TN, SC account for 15, 12, 11, 9, 5332
counties, respectively, and one county each foar A, LA, MS.



The objective of this essay is to explore the mé&wators contributing to land use and
land use conversions regarding economic and populéatures in the South using the National
Resources Inventory (NRI) sample plot land useland quality data. It differs from previous
studies in terms of methodology, data structurel, land use categories. First, it expands the
existing studies of the determinants of land usenglks in the South by using a more realistic
and appropriate discrete choice model—Random Paeasnkogit (RPL) model, which could
not be applied in earlier studies due to softwaretations and computation capability. This
model fully relaxes the restriction of independen€érrelevant alternatives (I1A) limitation of
discrete choice models, and allows variation amlamgl use alternatives. Second, we fully
consider the data structure of NRI and examineRR& model with plot-level panel data to
capture land use transition probabilities, and &ptere both time variant and invariant
explanations. Third, we decompose regional privatels into more specific categories—crop,
pasture, range, forest, lands in CRP, and develdgeds—to fully reflect the demands of
landowners’ multiple choices, and to examine tlangition patterns in internal and external
agricultural lands simultaneously without sepasatstimating land use transition probabilities
from each initial land use. Some of these aspemtsnat considered in previous studies.
Specifically, Lubowski et al (2002, 2006a) used ttaional NRI land use data, six land use
categories as in this essay, and a nested logiehtogbartially relax I1A. However, they did not
treat data as panel, and the estimated transiiomexamined from each land use separately.
Polyakov and Zhang (2008) used RPL, panel dataalinditial land uses simultaneously, but
with smaller scale and few land uses. To the bestioknowledge, this study is the first one to
apply a panel RPL model to examine land use triansdriving factors in such a large scale as

well as a broad set of categories using the ehliRé land use dataset without random-selected



sampling, which could lessen the uncertainty okd data and provide more precise model
estimates and simulation results.

The next section of this chapter reviews the exgsliterature for land use changes based
on data collection and applied discrete choice nsodgection 3 introduces the RPL model.
Section 4 provides a data description. Sectionesgnts results of the RPL model and elasticity
analysis. Section 6 provides historical simulatibased on the results of RPL model and Section

7 concludes and discusses.

2. Literature Review

Land use and land use change studies in econoraitbe traced to as early as 1755
(Cantillon 1755), and the classic land use the@yetbped by David Ricardo and Johann von
Thunen is the foundation for most existing land usedels. This theory explains land use
patterns in terms of the relative rents to thera#teve uses, which depends on land quality and
distance on a “featureless plain”. The models exptbe relationship between land-use choices
and explicit or proxy measures for land rents, udeig land quality, location, transportation
costs and so ofi.The analyses reveal significant economic and enwiental effects with
implications for a wide range of policy issues.

One of the most common data sources for land uséaaa use change studies in the US
is the National Resources Inventory (NRI) land da&. The NRI is a longitudinal panel survey
conducted by the Natural Resources Conversion @&fNRCS), which can be used to assess
the conditions and trends of the nation’s soil,emabnd related resources through analyzing
national, regional, state, or sub-state samples sit@rmation of land use, land cover, soil

characteristics, erosion, and conservation practicea sample of non-federal lands. It proves to

* More empirical methods discussion can be fouathfPlantinga and Irwin (2006).
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be useful for developing statistical estimates atural resource conditions, and for conducting
geospatial and temporal analyses of these condiibmany geographical levels (NRI 1997).

Recent econometric studies of land use and landchaage using NRI data can be
classified into two groups. County-level aggregaldel land characteristics data (Parker and
Kramer. 1995, Wu and Segerson 1995, Hardie andsPHR7, Miller and Plantinga 1999,
Maudlin and Plantinga 1999a, Maudlin et al. 199Blardie et al. 2000, Hsieh et al. 2000,
Nagubadi and Zhang 2005) and plot-level NRI lanarabteristics data (Claassen 1993, Schataki
1998, Claassen and Tegene 1999, Lubowski 2002,viiskicet al. 2003, Lubowski et al. 2006Db,
Lubowski et al. 2006¢, Polyakov and Zhang 2008 Tost common aggregate data model is
the share model (Plantinga and Irwin 2006). Thadliantage of this model is that the model
examines factors affecting levels in shares ochahges rather than transitions among particular
uses, thus the model cannot account for heterogsrfeatures of land parcels within the county
or region (Lubowski 2002).

Studies examined direct land use transitions endengehe early 1990s (e.g. Claassen
1993, Claassen and Tegene 1999, Schatzki 1998%eTstadies are limited to analyze land use
changes with a small number of transitions andmialsgeographic regions. Recent studies by
Lubowski et al. (2003, 2006b) extend them to thelJnited States using a full set of non-
federal land use categories (crop, pasture, rdogest, lands in Conservation Reserve Programs
(CRP), and urban lands), using a nested logit mtebhpture not only the probability of land
use transition from one land use category to ampthet also the possibilities of different
substitution patterns among land use categorielsowski et al. (2003, 2006b) are the first to

study national comprehensive land use and land ameige using NRI plot-level data.

® With the exception of Plantinga (1996) and Mikerd Plantinga (1999), in their works, they use mmann
likelihood procedure and maximum entropy procedregspectively, to model the effect of unobservedtglidevel
variation on aggregate land-use decisions (LUbo28&PR).
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Additionally, carbon sequestration and other puldid use policies can be examined by using
plot-level observations (Lubowski et al. 2006c).

Discrete choice models are usually used to direatlgasure land use transition
probabilities based on plot-level observations.dBiral probit models are used for cases with
two land use choices (Bockstael 1996, BockstaelBeid1997, Kline and Alig 1999, Hite et al.
2001, Irwin and Bockstael 2002), and multinomiat amonditional logit models are for cases
within more than two choices (Claassen 1993, Lamaid Zhang 1998, Munn and Cleaves
1999). To partially or fully relax the logit modalssumption of independence of irrelevant
alternatives (llA), Lubowski (2002) and Polyakovdadihang (2008) respectively used nested
logit and mixed logit specifications.

As noted earlier, NRI data is a longitudinal pat@iaset. It provides plot-level land use
information from 1982 to 1997 at five year inteszdlsing the panel structure, some unobserved
parcel-specific characteristics can be accounteduting either a fixed or random effects
specification. Land parcels with the same valueexgflanatory variables could have different
land use probabilities (Lubowski 2002). Thus, indiaal behavior over time can be captured
instead of average behavior in the population 1€i899). Fixed effects models have been
proposed (Chamberlain 1980, 1985), but they areapalole of explaining individual
characteristics that do not vary over time, suett the relationship between land use choices and
time invariant features cannot be captured evemvihaividual attributes among observations
exist. For example, two parcels with the same landlity may experience different transition
patterns within the same period, due to the diffees in spatial attributes that have not been
accounted for in the model. Holding land qualitystant ignores some of these differences and

will lead to misleading estimates of transition lpaibility (Lubowski 2002). Under this condition,
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the random effects model is the most advantageaaeinbecause it allows parameters to vary
randomly across individual observations. Howevandom effects versions of logit models were
previously considered infeasible due to computafiontractability (Greene 2001). A new
module in Limdep econometric software provides candoarameter versions of logit model,
with application to panel data (Greene 2002). Tolkmowledge, Polyakov and Zhang (2008) is
the only known recent study that uses the panettstre of the NRI plot-level data to explore
factors influencing land use and land use transstidn their work, they explore a random
parameter logit (RPL) model using the NRI plot-lepanel data to examine how property tax
policy affects land use changes between agricujtimeestry, lands in CRP, and developed uses
in Louisiana. The RPL model takes the temporaledation between observation of the same
sample plot in the panel data into consideratio, @ccounts for heterogeneity of the marginal
utility of property tax among landowners, as wall@mplex substitution patterns between land

use alternatives (Polyakov and Zhang 2008).

3. Random Parameters Logit (RPL) Model

The Random Parameters Logit (PRL) model (also @¢aiiexed Logit, Kernel Logit or
Mixed Multinomial Logit model) is the most generabdel form in the multinomial logit toolkit
for discrete choices studies in terms of the flgéxybof model specifications and the range of
behavior that it can model (Greene 2007). It capr@gmate any random utility model
(McFadden and Train 2000), and allow the parametersary randomly over individual
observations, and thus fully releases the well-kmdimitation of logit models-independence of
irrelevant alternatives (ll1A) assumption.

The RPL model has been known for many years, wisl&ll implementation can only

be traced to the advent of simulation. Now, studissig an RPL model include alternative-
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fueled vehicle choice (Brownstone et al. 2000, Midem and Train 2000), residential
customers’ choice of energy supplier (Train 199®J multiparty elections (Glasgow 2001). Its
capability to accommodate many sources of indiMidwiability, like random heterogeneity
around the mean, different forms of correlation aghalternatives (Akiva et al. 2001, Gopinath
et al. 2005), correlation among different parangeterthe same alternative and choice situation
and auto-correlation of the same parameter overcehsituations (Gopinath et al. 2005), and
observed heterogeneity around the standard dewviatib random parameters and error
components (Greene and Hensher 2006), have maslentidel theoretically and empirically
appealing.

Following Greene (2007), the RPL model can be @erifrom the basic form of the

multinomial logit modef

. exp (@i+B{X )
rob(y; = j) = Lt 1
prob(y; = j) ST exp (aqr i) 1)

Where j” indexes the choicgy; is the index of the choice made for individuaky; is the
alternative specific constant term for individuahndg; is a vector of individual-specific
parameters. The most familiar, simplest versiothefmodel is specified as

Bri = Bk + Ok Vki (2
and aj; = a; + o;vj; 3
whereg, is the population mean for attriblke v;; is the individual specific heterogeneity of
individual i under attributé, with mean zero and standard deviation one,cand the standard
deviation of the distribution gf,;s arounds,. The choice specific constants and the
elements ofs; are distributed randomly across individuals wikedl means. To allow the means

of the parameter distribution to be heterogenedtisabserved data; (which does not include

® For detailed explanation of model derivation, 6zeene 2007, Nlogit Version 4.0 Reference Guide.
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one), the specification ¢, can be redefined with a set of choice invariamtrabteristics,, to
produce individual heterogeneity in the means efrindomly distributed coefficients so that
Bri = Br + 6xz; + 0p Vi (4)
Distribution of the model is not limited to be naimLognormal distribution is appealing
particularly when the dependent variable of inteie the non-negative domain. The triangular
distribution is widely specified in “willingness tpay” studies to make sure that the empirical
amount of money you have to pay related to a paticya situation change is positive, and
without a very long right-hand tail (Hensher et 2005). When the distribution is specified as
log-normal,
Bri = exp(px + 6xZ; + Ok Vi ) ) (5
and aj; Of B ~ Lognormal[p; or i + 6/ o7 1Zi 070y ]
For the full vector ofK random coefficients in the model, the set of rando
parameters are written as
pi = p+Az; + 'y (6)
where I is a diagonal matrix which containg on its diagonal. The treatment for panel data can
be specified as an extension of Equation (5) withssript “t” to index observations over time
for each individual,
pi=p+ Az +Tv; (7)
To apply the RPL model to a land use and land asesition study, we assume that a risk
neutral landowner chooses to allocate a parcelraf ith homogenous quality to a specific land
use from a set of potential uses by seeking theirmaation of net present value of future
returns from different potential land uses (Polyalkmd Zhang 2008). We examine observed

characteristics such as land quality, land locadod economic conditions related to land net
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returns and conversion costs to capture theirioglship to land use decisions. To explain a
landowner’s behavior, ldf,;; represent the utility of converting a paraeb a new land usg
conditional on current land ugeat timet. The utility in terms of net returns and converstosts
can be specified as
Unes1jii = f(Ruejy Rutir Catjii) = Ruej — Ruei — Cnejpi (8)
whereR,,;; is the net returns for parcelin land use at timet, andC,;j; is a one-time cost to
convert land use fromto ;. Land use transition happens wtign, ,; is positive, and the best
choicej will be chosen when
Unes1jli > Unes1k)p VK # J )(©
The utility function, Upe4qj; is divided intoV,.,;|;, the observable characteristics of
land such as quality and rents, ang, a non-observable random part that representsrfact
influencing the utility function, but cannot be aquigatively collected from the real world. The
utility function can then be written as
Uit+1jii = Vats1ji + Entj (10)
The probability of converting parcel from land usé to land usg from potential land
use alternatives is
Pats1jii = Prob(Unesajii > Unevang i)
= prob (Vnt+1j|i + &ntj > Vnrvak)i + e (VK # ])) (11)
Assuming the random unobservable componeptsare independently and identically
distributed with a type | extreme value distributioand following McFadden’s (1973)

conditional logit model, we specify the empiricabdel as

exp(Vrs1)1:)
Zizl exp(Vaerik| 1)

Poti1jli =
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_exp(ajj+B' Xntj=B' Xnti+¥;Snc—¥iSnt)
Y1 eXP(ik+B' Xneie—B' Xnti+¥ Sne=Y iSnt)

(12)

whereq;; is the conversion-specific constaat;(= 0 Vi = j), # is a vector of coefficients of the
attributes characterizing alternative land usesijaris a vector of coefficients of the plot-
specific attributes for land uge(y; = 0 to prevent an indeterminacy in the model, whére
represents developed use). Components of représentsility specific to initial land use
(B'X,:; andy;S,;) cancel out due to appearance in both numeratordendminator. So the
final form of the empirical model is

exp(agj+B'Xntj +Y1"Snt)
She1 eXP(@ik+B' Xne ¥ jSnt)

Ppesji =

(13)

When thef parameters of attributes of alternative land wmesassumed to randomly
vary among sample points, and there is no obseperdonal specific characteristies,
combining Equation 6 with Equation 12, the paneif@f RPL model is specified as

exp(aiﬁﬁﬁxntjﬂ’,'-snt)

Pnt+1j|i(ﬁn) = ZizieXp(aik"‘l’;zXntk"‘Y;csnf) (14)
where
Bu=B+Tv, (49
4, Data

The NRI dataset for the southern US includes 43b63#nts, covering 526.91 million
acres surface area. Plots used in this study deztsd from privately owned properties,
belonging to any of the six land use categoriesplands, pasture, range lands, forests, lands in
CRP and developed lands. Lands in CRP are clagsifte an independent type in NRI. Since
the program is established, there are relativefjhdri percentages of land use transition from

other major land use compared to changes in aéinelrlise categories. Land use transition data
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Table 2. Changes in major non-federal land usesdsst 1982 and 1997 in the southern U.S.
from National Resources Inventory (NRI) (in thoudsuof acres)

Final Land Use

Initial Land Use Period Crop Pasture Range CRP egtor Developed Total
Crop 1982-87 95,755 4,551 456 3,353 1,412 679 106,207
1987-92 88,076 4,103 363 4,856 983 742 99,123
1992-97 82,517 4,127 794 476 1,369 973 90,255
Pasture 1982-87 2,418 57,882 659 218 2,794 580 64,551
1987-92 1,910 59,443 255 230 1,711 798 64,347
1992-97 2,595 56,279 1,091 27 3,344 1,185 64,520
Range 1982-87 778 925 113,511 115 305 408 116,043
1987-92 478 504 112,584 44 298 441 114,348
1992-97 598 446 111,061 14 228 527 112,873
CRP 1982-87 0 0 0 0 0 0 0
1987-92 13 0 0 3,720 0 0 3,733
1992-97 294 240 102 8,074 170 4 8,884
Forest 1982-87 650 1,146 53 39 175,766 1,420 179,074
1987-92 289 696 30 34 177,325 1,689 180,063
1992-97 478 1,359 141 16 175,528 2,629 180,151
Developed 1982-87 18 10 4 0 28 26,829 26,889
1987-92 13 14 4 0 39 29,904 29,974
1992-97 10 10 24 0 35 33,581 33,660
Total 1982-87 99,619 64,514 114,684 3,725 180,306 29,91492,764
1987-92 90,779 64,760 113,237 8,883 180,355 33,57891,587
1992-97 86,492 62,461 113,213 8,607 180,673 38,89990,344
Note:

1. Lands transited to uses other than the six oategare excluded from the table.

2. Read the table horizontally to see how landwest under a particular land use at the beginnirjted period
was subsequently allocated in terms of land usieea¢nd of the cited period. Read the table vélyita see how
land that was under a particular land use at @ giggiod was subsequently allocated in terms af lzge at the
previous five years.

18



were structured into initial and final land usedgpespectively according to land information at
the beginning and the end of each five-year peiioich 1982 to 1997, covering 259,681 points,
representing 456.43 million acres, approximately68ercent of the total land area, and 94.10

percent of non-federal lands in the South.

Table 2 shows the flow of land among major land-cetegories considered in this study
at five year increments from 1982 to 1997. “Total'the last column represents the area of land
that is under a particular use at the beginning oted period, and “Total” in the last three rows
shows the area of land in a particular use at titk &f the cited period. For example, total
cropland was 106,207 thousand acres in 1982 atd 9%housand acres in 1987. Lands in CRP
did not exist during 1982 to 1987, because CRPrpraog were first established and contracts
were signed by landowners in the southern U.S9B61and no land is in CRP at the beginning

of this period.

Two factors, prime farmland (prime) and Land CalfiigbClass (LCC) are included in
NRI to show land quality of an observable plot. &dactors have a major influence on use of
lands for agricultural purposes and forests (Haasid Parks 1997, Ahn et al. 2000, Ahn et al.
2002), and are used to control for land heteroggnrime farmland is a binary variable. Land
classified as a prime farmland indicates that cieps be produced on the plot for the least cost
and with the least damage to the resource base.is@Ccategorical variable classified by the
U.S. Department of Agriculture (USDA) to summanheasure the suitability of land for crop
production, and to demonstrate the erosion, coasiervpractices, and cultivation conditions of
a plot by taking values from I to VIII. It is lined only to crop, pasture, range, forests, or wWedli

food and cover (NRI 2003). The number represemditthitation of lands that restrict their uses,
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where | is the most productive and VIl is the lgaoductive land. Lands in LCC V or greater
are marginal for agricultural crops or have sevegngations that restrict choice of crops to be
grown. In this study, we create a dummy variableLGIC to measure land quality. LCC

dummy=0 for LCC | to 1V, 1 otherwise.

Spatial information on NRI sample sites is confiin and it is impossible to obtain
economic information for every plot, county-levet¢tnreturns are used as proxies for plot
attribute measurements. Data are taken from Lubo(26K2) and discussed in great details in
Lubowski (2006). Crop net returns are annual colmigl weighted average of the gross returns
per acre from different varieties of crops from 298 1997 plus the value of direct government
payments per acre (excluding payments to the C&d3)deed, fertilizer, and petroleum products
costs, farm labor expenses, and other related.odstsial net returns to land under pasture are
calculated based on the county-level average dupagyields for different soil types, weighted
by soil type acreage less pasture managementionoséeh county. Forestry returns are weighted
county-level net present value of sawtimber reveinomn different forest types. Net returns to
developed use are proxy for county-level annualsumesaof developed lot prices, back calculated
from county-level data on single-family home priedaich includes the values of both the house

and of the land.

Population expansion usually precipitates landttesgsition. It increases developed land
use in order to provide public facilities or nonvate services. Population density, the ratio of
population to total land area, determines the sbérand devoted to urban use and explains

population effects on land use change decisionwl population for each county is obtained

" We would like to thank Ruben N. Lubowski for praivig county-level net return data. More detailsaifirn data
collection can be found in Lubowski (2002).
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Table 3. Descriptive statistics of the variables

plot_Level Variable Number of M ean Median Std. Minimum Maximum
Plots Dev.
Plot in Land Capability Class 1-4 744470 0.36 0.00 0.48 0.00 1.00
NRI Sampling Weight (acres/plot) 744470 1000.00 .889 747.15 55.61 30587.27
County level Variables Number of M ean Median Std. Minimum Maximum
(in US$ 1990) Counties Dev.
Annual crop profit/acre (1978- 1212 44.32 31.53 55.62 -141.52 926.23
1982)
Annual crop profit/acre 1209 13.83 12.51 46.97 -547.36 476.54
(1983-1987)
Annual crop profit/acre 1176 17.30 21.76 75.74 -811.88 329.07
(1987-1992)
Annual pasture profit/acre 1208 25.43 29.31 39.30 -88.17 133.31
(1978-1982)
Annual pasture profit/acre 1204 -44.36 -32.21 65.07 -206.97 159.61
(1983-1987)
Annual pasture profit/acre 1209 9.04 -6.04 52.39 -111.13 200.33
(1988-1992)
Annual range profit/acre 351 14.45 13.72 6.85 0.00 52.98
(1978-1982)
Annual range profit/acre 348 17.18 14.82 8.88 0.00 64.17
(1983-1987)
Annual range profit/acre 346 18.23 17.39 8.73 0.00 51.84
(1988-1992)
Annual forest profit/acre 1093 6.29 4.44 4.54 0.19 23.57
(1978-1982)
Annual forest profit/acre 1094 6.33 4.42 4.34 0.39 23.79
(1982-1987)
Annual forest profit/acre 1092 9.18 8.53 3.93 2.48 26.04
(1987-1992)
Annual CRP profit/acre 1306 0.00 0.00 0.00 0.00 0.00
(1978-1982)
Annual CRP profit/acre 1307 34.59 28.67 13.53 20.21 65.46
(1982-1987)
Annual CRP profit/acre 1306 45.18 43.43 5.52 39.38 57.43
(1987-1992)
Annual developed profit/acre 1306 875.27 572.02  722.17 168.88 4633.83
(1978-1982)
Annual developed profit/acre 1307 1176.73 777.95  986.62 217.74 6316.35
(1982-1987)
Annual developed profit/acre 1306 1280.76 787.97 1123.08 266.02 7895.67
(1987-1992)
Annual Government Payment/acre 1212 19.59 16.90 12.57 0.98 137.59
(1978-1982)
Annual Government Payment/acre 1209 10.64 9.19 7.16 1.25 58.48
(1982-1987)
Annual Government Payment/acre 1176 9.58 7.75 7.12 0.12 49.58

(1988-1992)
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from the Regional Economic Information System (REdSthe Bureau of Economic Analysis

(BEA).

Table 3 presents summary statistics of explanatanables. NRI land use data from
1982 to 1997 are pooled together. Missing valuesetrh variable are replaced by county-
average data. Merging county-level data with NRit{¢vel data yields 744,470 points that are

used in this study.
5. Estimation Results and Additional Empirical Analysis

5.1. Parameter Estimates

The study area is separated into two subregionsdbas the presence or absence of
range lands. The subregion with rangelands includabama, Arkansas, Florida, Louisiana,
Oklahoma, and Texas. The subregion without rangslamcludes Georgia, Kentucky,
Mississippi, North Carolina, South Carolina, Tersses and Virginia. Parameters are estimated
using both conditional logit (CL) and RPL panel ratsd The dependent variable in each
subregion is the land use type in yeat each NRI plot. Explanatory variables are laggeé
period and take the values of the previous five-gwarage. We use the first-order Markov
transition matrix to simultaneously model land tra@sition probabilities among five major land
use categories (crop, pasture, forestry, CRP amdlojged) for states without rangelands. The

transition termsy;; are for three initial land uségcrop, pasture, and forestry) and five final uses

j. For the subregion with rangelands, range lanadded as an initial and a final choice, such
thata;; terms are for four initial and six final uses. CRRds are excluded from initial land use,

because the number of parcels converted from CR®hter land use types is relatively small.

Land transition from CRP occurred only in the 19987 period, when the first signups began
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to expire. Conversion to developed use is consitlémeversible® and lands in urban use
remained in that status during the study period.uA& Nlogit 4.0 to estimate both the CL and
RPL model. Scaled NRI expansion factors whose sgoale to the total number of actual
observations used in the model are created as tgdiglobtain correct values of standard errors
(Greene 2002).

Tables 4 and 5 report the estimation results fora@d RPL models for subregions with
and without rangelands, respectively. The CL maglektimated using maximum likelihood
method while the RPL model is estimated using marmnsimulated log-likelihood with 1000
Halton draws? The coefficient of county-level net return in RRlodel is treated as a random
parameter to account for plot-level variation, amdpecified as a log-normal distribution. For
both subregions, the estimation results from CL BRAL indicate good model fits as indicated
high Mcfadden R values. The estimated coefficients are generaifnli significant with
intuitive interpretations. Likelihood ratio testgect the hypothesis that all of the coefficiernts a
simultaneously equal to zero at the 0.01 level. Akelihood ratio tests for model preference
indicate that RPL models are preferred in both egibns at the 0.01 lev&. All McFadden’s
likelihood ratio indices (Pseudc®Rare around 0.85, indicating that the explanat@nyables are
good predictors of the transition probabilitigs. Comparison of CL model and RPL models in
each subregion shows that, except for return, tefficients do not differ significantly, hence

the explanation for RPL model should also holdtfer CL model.

& Small figures in Table 2 shows land use transifiom developed to other types are considered agina errors
when collecting land use data in NRI.

° Halton draws are contained in the unit intervalj avell spaced in the interval. A small number aftein draws is
as effective as or more effective than a large remobPseudo random draws (Hensher et al. 2005)

% The value of the likelihood ratio statistic is B.And 26.52 for the subregion with and without ®agds
respectively, with 99% critical value 9@1 = 6.635.
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Table 4. CL and RPL model estimation results fdirsgion with rangelands

Conditional Logit

Random Parameter Logit

Transition Specific Constanta;()
Crop— Pasture
Crop— Range
Crop— Forest
Crop— CRP

Crop— Developed
Pasture> Crop
Pasture> Range
Pasture» Forest
Pasture-~CRP
Pasture> Developed
Range- Crop
Range- Pasture
Range- Forest
Range-> CRP

Range- Developed
Forest> Crop

Forest> Pasture
Forest> Range
Forest> CRP
Forest> Developed

-3.4027++(0.0212)
-4.8197*+(0.0396)
-5.3208**+(0.0496)
-3.1007+**(0.0255)
-6.7320***(0.0637)
-3.5179*+(0.0293)
-4.2231*+(0.0369)
-3.4771%+(0.0266)
-5.9226+++(0.1026)
-5.9354*+(0.0573)
-4.5554*++(0.0368)
-4.7746%+(0.0378)
-5.9112**%(0.0574)

-6.9453*+(0.1173)
-6.4230%*(0.0568)
-6.0042**+(0.0814)

-4.6971*+(0.0396)
-7.0115%+(0.1025)

-8.7651*+(0.3357)
-5.9546%*(0.0525)

-3.4065***(0.0211)
-4.8272*%(0.0399)
-3.6056%**(0.0257)
-3.1013*%(0.0214)
-6.6911*%(0.0684)
-3.5147++(0.0296)
-4.2276%%(0.0357)
-3.4773%(0.0273)
-5.9185 ***(0.1010)
-5.8067+*(0.0994)
-4.5485%%(0.0363)
-4.7690***(0.0365)
-5.9046***(0.0570)

-6.9369**%(0.1147)
-6.4110%*(0.0682)
-6.0004**%(0.0814)

-4.6942*+%(0.0401)
-7.0177+%(0.1012)

-8.7592*+%(0.3348)
-5.8854*+(0.0568)

Attributes of Land Use$3{
Return Mean of Coefficient

Mean of In(coefficient)
Std.Dev. of In(coefficient)

0.0008**(0.0002)

0.0006

-7.5164**(0.0504)
0.5345*** (0.0355)

Attributes of Plotsy;)

Crop Population density
Land quality

Pasture Population density
Land quality

Range Population density
Land quality

Forest Population density
Land quality

CRP Population density
Land quality

Number of Observations

McFadden R
Log Likelihood

-0.0013*** (0.0001)
-0.7868**+(0.0623)
-0.0005*** (0.0001)
-0.1397++(0.0541)
-0.0010*** (0.0001)
0.8159*** (0.0553)
-0.0001*++(0.0000)

0.5302***(0.0532)
-0.0061*** (0.0004)

-0.0012**+(0.0001)
-0.7691***(0.0735)
-0.0004**+(0.0001)
-0.1147*+(0.0632)

-0.0009**+(0.0001)
0.8513***(0.0650)

-0.0001***(0.0000)

0.5604***(0.0614)
-0.0061***(0.0002)

-0.0721  (0.0883) -0.0521  (0.0973)
397,491 397,491

0.85 0.89

-81700.26 -81703.11

** * significant at the 1% level, ** significant g&he 5% level
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Table 5. CL and RPL model estimation results fdiregion without rangelands

Conditional Logit Random Parameter Logit

Transition Specific Constanta;()

Crop— Pasture
Crop— Forest
Crop— CRP
Crop— Developed
Pasture> Crop
Pasture» Forest
Pasture-~CRP

Pasture»> Developed

Forest> Crop
Forest- Pasture
Forest> CRP
Forest> Developed

-2.8256*** (0.0516)
-3.6067++(0.0880)
-3.3942*++(0.0568)
-5.2570*+(0.0965)
-2.6220**+(0.05509)
-2.9214*+(0.0668)
-5.3670*+(0.1220)
-4.9686*++(0.0888)
-5.2720**+(0.1085)
-5.0641*++(0.0743)
-8.0385*+(0.3072)
-5.1428*+(0.0975)

-2.8287++(0.0186)
-3.6056+**(0.0257)
-3.3942*%(0.0279)
-5.2650***(0.0439)
-2.6191*%(0.0209)
-2.9187+%(0.0234)
-5.3640***(0.0750)
-4.9708%+(0.0454)
-5.2730***(0.0376)
-5.0685***(0.0326)
-8.0379**%(0.1451)
-5.1550**+(0.0344)

Attributes of Land Use$3{

Return Mean of Coefficient 0.0006***(0.0001) 0.00056
Mean of In(coefficient) -7.5923***(0.0518)
Std.Dev. of In(coefficient) 0.4394*** (0.0489)
Attributes of Plotsy;)
Crop Population density -0.0005** (0.0001) -0.0006***(0.0001)
Land quality -0.6099***(0.0476) -0.5945*%(0.5012)
Pasture Population density -0.0005*** (0.0001) -0.0006***(0.0001)
Land quality -0.1070**(0.0426) 0.1244*%(0.0452)
Forest Population density -0.0006**+(0.0001) -0.0008***(0.0001)
Land quality 0.4460**(0.0365) 0.4661*+(0.0389)
CRP Population density -0.0019** (0.0002) -0.0020*+*(0.0002)

Number of Observations

McFadden R
Log Likelihood

Land quality

-0.0499  (0.0838)
346,979

0.87

-88512.66

-0.0342 (0.0857)
346,979

0.842
-88486.14

** * gignificant at the 1% level, ** significant ahe 5% level

5.1.1. Transition Specific Constantg )

As defined in the model, the main explanatory \des include three components.

Conversion specific constants a@f;, which determine land use transition probabilitiesthe

first-order Markov transition matrix, can be usedcdompare the transition priority of lands

horizontally (transition probabilities from an it land use) and vertically (transition

probabilities to a specific land use). Since lamlgat are initially in rural use have a high
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probability of remaining in this use, i.e;; is smaller tham;;, restrictinga;; to zeros will lead
to negative estimates of land use transition teffhe. interpretation of the value ef; is self
explanatory—the greater the value, the higher itiansprobability of that land use conversion.

Comparing all 20 of the transition termg in the RPL model in Table 4 for the region
with rangelands, the lowest; from forest to CRP (-8.7651) and the highgstfrom crop to
CRP (-3.1007) indicate that forests have the lowasd croplands have the highest probabilities
to convert to CRP. For lands enrolled into CRP pog the transition probabilities for the four
initial rural lands, in descending order, are campl, pasture, rangeland and forest, consistent
with CRP policy that croplands are the first to lgyafor enrollment into CRP. Besides, the
weighted values of LCC for the four initial landessshow the same descending order of
transition patterns to the CRP program. The valueeghted LCC for CRP lands is between
cropland and pasture, which indicates that colaead use transition patterns are obtained from
using RPL model. Lands initially under crop, pastor range use are likely to remain in their
initial use or convert to another agricultural usgher than to a non-agricultural use. Transitions
from agriculture to forests and vice versa happetha same time, while transitions within
pasture and forests have higher probabilities coetp&o transitions among other land use
categories within forests. Urbanization is the @niynreason for loss of rural lands. Higher
transition coefficients of pasture and forests éwedoped use indicate that pasture and forest
lands are usually developed for urban expansion.

Thea;;s in Table 5 for the subregion without rangelandsndb vary much across the
different transition patterns. Lands in CRP arentyaderived from croplands. Conversions

within pasture and forests have higher probabdlitiean within croplands and forests. Developed
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lands are more likely to be converted from pastul@song the three initial rural land use types,

pasture lands have the highest probability of beomyverted to other uses, except to CRP.

5.1.2. Attributes of Land UseB)(

Economic forces drive landowner’s decisions andagament strategies. The coefficient
of return is the mean of coefficient for the CL rabdvhile the mean and standard deviation of
log-coefficient are both shown for the RPL modelsignificant standard deviation of the log-
coefficient would indicate high variation among eh&tions. The coefficient mean of return in

the RPL model is calculated from the estimated meand standard errors of log-normal

2
distributed returns using the formya= exp(b; +S?i). In Table 4 and 5, the coefficient of

return in CL model is positive and significant aet0.01 level, and the calculated coefficient of
return from the mean and standard deviation ofcogficients in the RPL models are positive
as well. This demonstrates the classic land useryhthat the higher the economic return
obtained from a land use choice, the higher théability a private landowner will choose that
use.

To further investigate if the RPL model can be aepd by the CL model, we use a
likelihood ratio test to determine which model ismm appropriate. The likelihood ratio statistic
at the 99% critical value witly? = 6.635 is 8.15 (26.52) for subregion with (without)
rangelands, which implies that RPL model is théeggred model. For each subregion, the mean

of coefficient of return in RPL models is slightgss than that in CL model.
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5.1.3. Attributes of Plotsy()

Attributes of plots refer to land quality and pagtibn density. They vary among plots,
not among land use alternatives. The former refldwt suitability of lands for crop production,
and the latter reflects land use pressures duert@mh disturbances.

To examine how land quality influences landownérial land use decision, we create a
series of dummy variables by interacting land dquaiummy and land use alternatives. The
signs of the coefficients indicate the effects afid quality on the probability of choosing a
certain type of land use from any other potenaaldl use alternatives, and the magnitude of the
coefficient can be used to compare the propenditaral use transitions to that type use. By
choosing developed lands as the reference landthsecoefficients of interactions of land
guality dummy and land use alternatives in the egion with rangelands can be ranked as
crop—pasture—CRP—developed—forest—range, which sélaat high quality land is most
likely to be converted to croplands, a little l@s$ likely to pasture, a little bit less likely@RP,

a little bit less likely to developed use, littlé bess likely to forests, and least likely to be
converted to rangelands from any initial use arwk wierse. The subregion without rangelands
presents the same land use transition propensitthd absence of rangeland as a choice, low
quality lands are more likely to convert to forestsd least likely to convert to croplands.

The relationship between population growth and lars® change has been well
documented in the literature (Plantinga 1996, Naduland Zhang 2005, Polyakov and Zhang
2008). Population growth puts tremendous pressamesnds and promotes rapid development
forcing lands converted to non-rural uses. Intéoacbetween population density and land use
alternatives is expected to have negative effentdand transition probabilities for rural use.

Interactions of population density with rural lamde for both subregions is negative and

28



significant at the 0.01 level in the RPL model, ghhconfirms the role of population growth in

speeding up land conversing to more intensive uses.

5.2. Further Empirical Analysis

Though the parameter estimates provide an intuititerpretation of the effects of each
explanatory variable on land use transitions, te&ative and absolute impacts of each
independent variable and the predicted power oflitierent sets of estimates are hard to tell. It
is even harder to evaluate the magnitudes of thma&ied transition effects because a change of
economic return in a particular land choice couftea 25 (5x5 for subregion without
rangelands) or 36 (6x6 for subregion with rangesrmbnversion specific constant terms. To
understand the estimated importance of each exXplgnavariable in driving land use
conversions, we have conducted further empiricalyais to explore the estimated effects of
them on the estimated probabilities with the patansefrom the RPL model at the means of the

explanatory variables.

5.2.1 Probabilities and Effects with Respect tod_Quality

Table 6 and Table 7 show the estimated probalsildfdand use transitions at the means
of explanatory variables by land quality dummy wilie parameters from RPL models for the
two subregions, respectively. Standard errors angpated using the Delta Method. From Table
6, the probabilities of lands remaining their ialituses in crop, pasture and forests reveal higher
probabilities when lands are in higher quality. Egample, the probability of remaining lands in
crops was about 91.15% in LCC 1 from 4, but way @@.47% in LCC from 5 to 8. It could be
explained that transition probabilities from croplato pasture, forest or other potential use

increase as land quality declines.
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Table 6. Land use transition probabilities at treans of explanatory variables by different land
quality for subregion with rangelands

Transition Terms Probability for All Probability for Lqua=0 Probability for Lqua=1

LCC

(LCC=1to0 4)

(LCC=5108)

Crop— Crop
Crop— Pasture
Crop— Range
Crop— CRP
Crop— Forest

Crop— Develop
Pasture— Crop
Pasture— Pasture

Pasture—~ Range
Pasture—» CRP
Pasture— Forest

Pasture— Develop
Range— Crop
Range— Pasture

Range— Range
Range— CRP
Range— Forest
Range— Develop
Forest— Crop
Forest— Pasture
Forest— Range
Forest— CRP
Forest— Forest
Forest— Develop

0.9054*+(0.0919)
0.0326*+(0.0028)
0.0082*+(0.0011)
0.0479*+(0.0043)

0.0033**(0.0012)
0.0026*+(0.0012)
0.0227++(0.0023)

0.9340*+(0.1237)
0.0161**(0.0015)
0.0030*+(0.0010)
0.0175*+(0.0017)

0.0067*+(0.0009)
0.0047*+(0.0005)
0.0054*+(0.0006)
0.9855*+(0.1603)
0.0009*+(0.0003)
0.0012**(0.0002)
0.0024*+(0.0003)
0.0036*+(0.0014)
0.0203*+(0.0070)
0.0029*+(0.0013)
0.0005 (0.0012)
0.9595*+(0.3537)
0.0133*+(0.0045)

0.9115*+(0.0926)
0.0315*+(0.0027)
0.0074*+(0.0011)
0.0441*+(0.0040)

0.0031*+(0.0011)
0.0025*+(0.0011)
0.0260*+(0.0028)

0.9357*+(0.1240)
0.0130*+(0.0013)
0.0026*+(0.0011)
0.0163**(0.0016)

0.0064*+(0.0009)
0.0101*+(0.0013)
0.0086**(0.0011)
0.9750*+(0.1584)
0.0010*(0.0005)
0.0017*+(0.0005)
0.0036**(0.0005)
0.0048*+(0.0017)
0.0196**(0.0069)
0.0018 (0.0011)
0.0004 (0.0011)
0.9613*+(0.3544)
0.0122*%(0.0042)

0.7747*+(0.0775)
0.0500*+(0.0044)
0.0321*+(0.0034)
0.1338*+(0.0124)

0.0067* (0.0031)
0.0036.0033)
0.0138*+(0.13)

0.9165*+(0.1210)
0.0346*+(0.0037)
0.0050*+(0.0014)
0.0225*+(0.0021)
0.00763*0012)
0.0021*+(00R)
0.0033*+(0.0004)
0.9916*+(0.1614)
0.0008*+(0.0002)
0.0008*+(0.0001)
0.0015*+(0.0002)
0.0026*(0.0012)
0.0208*+(0.0071)
0.0049*+(0.0017)
0.0007 (0.0013)
0.9565*+(0.3524)
0.01456*0049)

** significant at 1% level, * significant at 5%vel

Opposite patterns can be observed in rangeland&isLeemaining in their initial range
use have relatively high probabilities as land fualeclines. Probabilities of transition terms
among land use alternatives indicates that landrassitions are more likely to happen among
land use alternatives in closer quality to the esitee margin. For example, for lands converting
from crop to range, the change will occur to lowdajuality plots with a high probability, while
for lands initially in forests, high probabilitie$ conversion to agricultural uses are more likely

to happen when land qualities are high.
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The standard errors in parentheses provide intuifar identifying when estimated
probabilities are statistically different from zeaba certain level. For the 24 examined land use
transition types in Table 6, only 1 out of 24 ihlaCC, and 2 out of 24 in LCC from 5 to 8, and 2
out of 24 in LCC from 1 to 4 are statistically igsificant at the 5% level. With implications of
statistically significant level of each transitigmobability, CRP lands can't be transited from
lands initial in forests no matter how rich thedas. This is consistent with the requirements of
CRP program. Lands initial in forests under lowlgyare more likely to convert to range, and
almost a zero probability of transition from foredb range in high land quality. Another
transition term in Table 6 that should be mentiorgethe crop-developed transition term. The
insignificant probability of low quality lands tranioning from crop to developed suggests that
croplands in high quality have characteristics tnake them more attractive to developed use
though high productivity of crop products can beagied on these lands. The same conclusion
has been drawn from previous studies (Hite et @002 Lubowski 2002, Hite et al. 2003,
Templeton et al. 2006, Hite and Sohngen 2006,), @wdd be explained by the theory of
efficient allocation of lands among different lande alternative in Zhang and Pearse (2011).
High quality lands are usual flatter, closer to ke&r cheaper to develop and lower transaction
cost to need, thus it is possible that no tradebeilcut down after land use transitions.

Table 7 presents a similar land use transition gdity pattern to Table 6. Lands
initially croped are more likely to keep their iaituse in high land quality, while pasture and
forests transited more to other uses as land gualihigh. The primary differences between
these two subregions come from lands initial useiasts. In the subregion without rangelands,
there are zero probabilities of lands in forestsdavert to agricultural uses due to insignificant

probabilities of transition terms from forests tog and pasture. Statistics from NRI that forests
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in this subregion have not experienced observessld®m 1982 to 1997 make the insignificant
transition probabilities more convincible. The gairfi forests from agricultural uses is
guantitatively equal to the loss of forests to deped uses.

Elasticity is the ratio of the percent change ire arariable to the percent change in
another variable, used to measure the responswefhasfunction to changes in the interested

Table 7. Land use transition probabilities at treans of explanatory variables by different land
quality for subregion without rangelands

Transition Terms Probability for All Probability for Lqua=0 Probability for Lqua=1

LCC

(LCC=1to0 4)

(LCC=5t08)

Crop— Crop
Crop— Pasture
Crop— CRP
Crop— Forest
Crop— Develop
Pasture— Crop
Pasture— Pasture
Pasture-» CRP
Pasture— Forest
Pasture— Develop
Forest— Crop
Forest— Pasture
Forest— CRP
Forest— Forest
Forest— Develop

0.8886***(0.0570)
0.0526*++(0.0023)
0.0255*++(0.0011)
0.0244*++(0.0010)
0.0089**+(0.0012)
0.0553*++(0.0045)
0.8790**+(0.0846)
0.0032* (0.0018)
0.0500**+(0.0040)
0.0124*+*(0.0016)
0.0030  (0.1422)
0.0053 (0.1419)
0.0002  (0.0004)
0.9827*++(0.1574)
0.0088**+(0.0013)

0.8913*+(0.0572)
0.0514**+(0.0023)
0.0249**+(0.0011)
0.0235**+(0.0010)
0.0088**+(0.0011)
0.0646*++(0.0053)
0.8725**+(0.0839)
0.0036**(0.0018)
0.0464**+(0.0037)
0.0129*++(0.0017)
0.0051  (0.1410)
0.0062  (0.1409)
0.0003  (0.0005)
0.9768**+(0.1564)
0.0116***(0.0017)

0.7916+*(0.048)
0.0947++(0.0(8)
0.0419*+(0.002)
0.0611***(0.007)
0.0106*+*(0.0(®)
0.0320**(0.008)
0.8913**(0.08H
0.0023 .0@L7)
0.0639*++(0.008
0.0105** (0.0®)
0.00(.80.1430)
0.004%0.1426)
0.00020.0003)
0.9869*++(0.159
0.0066*+*(0.0a)

*** gignificant at the 1% level, ** significant ahe 5% level, * significant at the 10% level

variable in a unit-less way. Due to the binary nié@bn of land quality, it is impossible to
estimate traditional elasticities of the transitfmobabilities with respect to a percentage change
of land quality. Thus, we compare percentage clargfeland use transition probabilities
between the land quality dummy rather than calowdaelasiticities. Two probabilities with
lands all in high quality or all in low quality @ach land use transition type are evaluated using

the RPL model estimated at the overall means ablzderved explanatory variables. Therefore,
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the difference between transition probabilitieseath transition term is caused by land quality
dummy only.

Table 8. Impact of land quality on land use traasiprobabilities

Subregion with rangelands Subregion without rangelands
Transition all lqgua=0 Lqua=1 percentage | all lgua=0 Lqua=1 percenta
LCC (LCC=1 (LCC=5 change LCC (LCC=1 (LCC=5 ge
to 4) to 8) to 4) to 8) change

Crop_Crop 0.9054 0.9117 0.7679 -14.38% 0.8886 @891 0.7927 -9.86%
Crop_Pasture 0.0326 0.0315 0.0509 1.95% 0.0526 18.05 0.0938 4.24%
Crop_Range 0.0082 0.0074 0.0314 2.40% - - - -
Crop_CRP 0.0479 0.0440 0.1400 9.60% 0.0244  0.0236 .0608 3.69%
Crop_Forest 0.0033 0.0032 0.0054 0.28% 0.0255  0.025 0.0389 1.39%
Crop_Developed 0.0026 0.0025 0.0045 0.20% 0.0089 0087. 0.0140 0.53%
Pasture_Crop 0.0227 0.0262 0.0134 -1.27% 0.0553 646.0 0.0320 -3.26%
Pasture_Pasture 0.9340 0.9344 0.9222 -1.21% 0.87908734 0.8879 1.45%
Pasture_Range 0.0161 0.0131 0.0340 2.09% - - - -
Pasture_CRP 0.0030 0.0026 0.0051 0.24% 0.0500 ©.0460.0659 1.98%
Pasture_Forest 0.0175 0.0172 0.0181 0.09% 0.00320038. 0.0029 -0.04%
Pasture_Developed 0.0067 0.0065 0.0072 0.07% 0.01140126 0.0113 -0.13%
Range_Crop 0.0047 0.0101 0.0020 -0.81L% - - - -
Range_Pasture 0.0054 0.0085 0.0033 -0.52% - - - -
Range_Range 0.9855 0.9750 0.9916 1.66% - - - -
Range_CRP 0.0009 0.0010 0.0008 -0.0R% - - - -
Range_Forest 0.0012 0.0018 0.0007 -0.11% - - - -
Range_Developed 0.0024 0.0035 0.0015 -0.20% - - - -
Forest_Crop 0.0036 0.0050 0.0025 -0.26% 0.0030 50.00 0.0018 -0.33%
Forest_Pasture 0.0203 0.0208 0.0196 -0.13% 0.00530062 0.0044 -0.18%
Forest_Range 0.0029 0.0019 0.0046 0.28% - - - -
Forest_ CRP 0.0005 0.0004 0.0007 0.08% 0.9827 0.9774.9866 0.92%
Forest_Forest 0.9595 0.9589 0.9590 0.01% 0.0002 008.0 0.0002 -0.01%
Forest_Developed 0.0133 0.0129 0.0136 0.07% 0.00880110 0.0070  -0.40%

As is revealed on the left side of Table 8, proli#ds of land use remaining in croplands

decrease as land quality declines, and probabkildferansitions from crop to other alternatives
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increase as land quality declines. Lands initiadljorests display an opposite pattern, regardless
of insignificant conversions from forest to CRP vM2gions of transition probabilities for pasture
and range between land quality in high and low haagtive (negative) figures when final land
use types relatively require lower (higher) lan@lgy than that of the initial transited lands.
Overall, land quality plays a more important rote lands whose initial uses are in crops. The
probability of staying in crops is 14.38 percenwés on low quality compared to high quality.
The probability of land use transition from cropG&P at lower quality is approximately three
times larger relative to croplands in high qualityis reasonable since lands enrolled into CRP
are not required to be in high land quality becathsy are not used for crop production any
more. They can be used for planting trees, or giogi space for wildlife habitats. Percentage
changes in probabilities of land use transitiongailty in croplands by land quality revealed in
the right part of Table 8 have relatively highergméudes than lands initially in pasture and
forests, which indicates that land quality for ggpays a more important role than that for

pasture and forests when land conversion happens.

5.2.2 Probabilities and Elasticities with RespedEtonomic Return

Table 9 and Table 10 report the land use transipovbabilites and elasticities of
probabilities with respect to the mean of economgturns for subregion with and without
rangelands, respectively. The transition probaédiare evaluated at the mean of the explanatory
variables, and are the same in magnitudes witlpithleabilities of Table 6 and Table 7 under all
LCC. The probabilities in the second column of BaBl(Table 10) reveal that crop (pasture)
lands are the most competitive lands by showinglatively low probability of remaining lands
in their initial use and higher probabilities ofne@rting lands to other alternatives. The general

conclusion derived from comparing the probabilittdslands remaining in their initial uses is
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that high quality lands are more likely to convestother land use alternatives. Land use
transition probabilities follow the extensive margheory and can be interpreted in the same
way as in Table 6 and Table 7.

Table 9. Land use transition probabilities andteddes of probabilities with respect to
economic return for subregion with rangelands

Elasticities of Transition Probabilities

E;Eggﬁgies with respect economic return per acre on

Transition (Retention) Crop Pasture Range  Forest CRP " Developed
Crop— Crop 0.9054 0.0017 -0.0001 -0.0001 0.0000 -0.0004 -0.0028
Crop— Pasture 0.0326 -0.0190 0.0033 -0.0001 0.0000 -0.0004 -0.0027
Crop— Range 0.0082 -0.0191 -0.0001 0.0089 0.0000 -0.0004 -0.0027
Crop— CRP 0.0479 -0.0190 -0.0001 -0.0001 0.0034 -0.0004 -0.0027
Crop— Forest 0.0033 -0.0191 -0.0001 -0.0001 0.0000 0.0128 -0.0027
Crop— Developed 0.0026 -0.0250 -0.0001 -0.0001 0.0000 .00db 0.9512
Pasture> Crop 0.0227 0.0190 -0.0064 -0.0002 -0.0001 0.0000 -0.0082
Pasture» Pasture 0.9340 -0.0004 0.0006 -0.0002 -0.0001 0.0000 -0.0081
Pasture> Range 0.0161 -0.0004 -0.0063 0.0104 -0.0001 0.0000 -0.0081
Pasture> CRP 0.0030 -0.0004 -0.0063 -0.0002 0.0032 0.0000 -0.0081
Pasture~> Forest 0.0175 -0.0004 -0.0063 -0.0002 -0.0001 0.0140 -0.0082
Pasture» Developed 0.0067 -0.0006 -0.0086 -0.0002 -0.0001 .0OGD 1.0845
Range- Crop 0.0047 0.0165 0.0000 -0.0092 0.0000 0.0000 -0.0022
Range- Pasture 0.0054 -0.0001 0.0034 -0.0091 0.0000 0.0000 -0.0021
Range~ Range 0.9855 -0.0001 0.0000 0.0001 0.0000 0.0000 -0.0021
Range-»> CRP 0.0009 -0.0001 0.0000 -0.0091 0.0035 0.0000 -0.0021
Range- Forest 0.0012 -0.0001 0.0000 -0.0092 0.0000 0.0133 -0.0022
Range~ Developed 0.0024  -0.0001 0.0000 -0.0118 0.0000 oamo 0.8965
Forest> Crop 0.0036 0.0199 -0.0001 0.0000 -0.0041 0.0000 -0.0047
Forest»> Pasture 0.0203 0.0000 0.0151 0.0000 -0.0041 0.0000 -0.0047
Forest-> Range 0.0029 0.0000 -0.0001 0.0081 -0.0041 0.0000 -0.0047
Forest> CRP 0.0005 0.0000 -0.0001  0.0000 0.0001 0.0000 -0.0046
Forest Forest 09505 0.0000 -0.0001  0.0000 -0.0041 00145  -0.0047
Forest> Developed 00133 00000 -0.0001  0.0000 -0.0054  0.0000 0.9462

Elasticities are used to examine the sensitivityaofd use transition probabilities with

respect to economic returns under different lare alternatives. The diagonal elements of the
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elasticity sub-table represent the own elasticiiigdicating the percentage change of conversion
probability to certain land use with 1% change adremic return on this land use, and the off-
diagonal elements are cross elasticities showingach the percentage of land use transits to
a different type when economic return increasesdn% certain land use.

Table 10. Land use transition probabilities andtatdies of probabilities with respect
toeconomic return for subregion without rangelands

Elasticities of Transition Probabilities

E;gggﬁ%es with respect to economic return per acre on

Transition (Retention) Crop Pasture  Forest CRP  Developed
Crop— Crop 0.8886  0.0015 0.0006 -0.0001 -0.0004 -0.0045
Crop— Pasture 0.0526 -.0116 -0.0107 -0.0001 -0.0004 -0.0044
Crop— Forest 0.0255 -0.0116 0.0006 0.0042 -0.0004 -0.0045
Crop— CRP 0.0244 -0.0116 0.0006 -0.0001 0.0146 -0.0045
Crop— Developed 0.0089  -0.0129 0.0007  -0.0001  -0.0005 0.5332
Pasture> Crop 0.0553 0.0160 0.0032 -0.0002 -0.0001 -0.0080
Pasture» Pasture 0.8790 -0.0009 -0.0004 -0.0002 -0.0001 -0.0079
Pasture~» Forest 0.0032 -0.0009 0.0032 0.0032 -0.0001 -0.0079
Pasture> CRP 0.0500 -0.0009 0.0032 -0.0002 0.0172 -0.0080
Pasture> Developed 0.0124 -0.0010 0.0036 -0.0002 -0.0001 0.6614
Forest> Crop 0.0030 0.0121 0.0001 -0.0045 0.0000 -0.0060
Forest- Pasture 0.0053 0.0000 -0.0147 -0.0044 0.0000 -0.0059
Forest> Forest 0.9827 0.0000 0.0001 0.0001 0.0000 -0.0060
Forest»> CRP 0.0002 0.0000 0.0001 -0.0045 0.0158 -0.0060
Forest> Developed 0.0088 0.0000 0.0001 -0.0051 0.0000 0.6498

The expected positive own-elasticities on the diad®and negative cross-elasticities on
the off-diagonals confirm the role of net returmsland use transitions. High economic return on
a certain type of land is associated with high plolity of remaining in or converting lands to
that use, and decrease the competitiveness of lathéruse alternatives. Take croplands as an
example, for lands in the subregion with rangelaamdl% increase of economic return of
croplands will increase the probability of landmegning in this use by 0.0017%, and will cause

a 0.0190%, 0.0139%, and 0.0164% increase on laedrassition probabilities from pasture,
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range and forests to croplands, respectively. Hmeeschange of crop returns will decrease the
probability of land converted to forestry by 0.0¥900.0004% and 0.0001% from lands initially
use for crop, pasture and range, respectively.

For all the own and cross elasticities in Tablené &able 10, the magnitudes are quite
small, indicating an inelastic relationship betwéserd use transition probabilities and economic
returns. In Table 9, the cross responses of laedrassition probabilities with respect to CRP
earnings are negligible according to the zero eetssticities of land use transitions from
pasture, range and forests. Economic return for @R&s is derived from government subsidies
for conservation purposes rather than driven byksetar Its increase does promote lands to
enroll this program, but does not affect transgi@among other alternatives except itself. Some
other zero cross-elasticities are observed as eaon@turn changes. For example, an increase
in pasture returns will not influence land use $iaans from range to other alternatives except
use in pasture. And transition probabilities ofdardrom forests to other types except cropland
(rangeland) do not change as economic profit oplaral (rangeland) changes. One point of
interest is that the means of return to pastursdbregion without rangelands for the 1978-1982
and 1983-1987 are negative, thus the own and @lassicities of land use transition
probabilities with respect to pastures return ibl€d.0 are opposite to our expectation.

One of the goal for use of the RPL model is toyfudllax the 1A assumption of standard
logit models by achieving different cross-elasi@stof land use transition probabilities among
land use alternatives from one initial use withpees to change of economic returns of a certain
use. Unfortunately, there is no strong evidenceay that IlA is not a reasonable assumption
either by presenting some equal cross-elastiaii¢sansition probabilities from one initial land

use category with respect to changes of econoniicn® of a kind of land. The quite small
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magnitudes of cross-elasitcities with only fouritdrgund decimal might be one of the reasons to

negelet the insignificant differences.

5.2.3 Probabilities and Elasticities with RespedPbpulation Density

Table 11 presents the elasticities of land usesitian probabilities with respect to the

mean of population density by subregion. Underdi@ition of population density—the ratio of

Table 11. Land use transition probabilities andtetdies of probabilities with respect to
population density

Subregion with Rangelands

Subregion without Rangelands

Transiton

Crop_Crop**
Crop_Pasture**
Crop_Range**
Crop_CRP**
Crop_Forest**
Crop_Developed**

Pasture_Crop**
Pasture_Pasture**
Pasture_Range**
Pasture_ CRP**
Pasture_Forest**
Pasture_Developed**

Range_Crop**
Range_Pasture**
Range_Range**
Range_CRP**
Range_Forest**
Range_Developed**

Forest_Crop**
Forest_Pasture**
Forest_Range**
Forest_CRP
Forest_Forest**
Forest_Developed**

Predicted
Probabilities

0.9054
0.0326
0.0082

0.0479
0.0033
0.0026

0.0227
0.9340
0.0161

0.0030
0.0175
0.0067

0.0047
0.0054
0.9855

0.0009
0.0012
0.0024

0.0036
0.0203
0.0029
0.0005
0.9595
0.0133

Elasticity

-0.0046
0.0481
0.014f7

0.0701

-0.333p

0.0779

-0.0599
0.01D9
-0.0339
0.0405
-0.5014
0.0510

-0.0207
0.0362
0.0001

0.0600

-0.3757

0.0684

0.701f7
0.8198
0.745
0.864
-0.034
0.88¢

N © w P

Transiton

Crop_Crop**
Crop_Pasture**
Crop_Range

Crop_CRP**
Crop_Forest**
Crop_Developed**

Pasture_Crop**
Pasture_Pasture**
Pasture_Range
Pasture_ CRP**
Pasture_Forest**
Pasture_Develtped

Range_Crop
Range_Pasture
Range_Range
Range_CRP
Range_Forest
Range_Developed

Forest_Crop
Forest_Pasture
Forest_Range
Forest_CRP
Forest_Forest**
Forest_Developed**

Predicted —
Probabilities Elasticity
0.8886 400
0.0526 0.0091
0.0244 -0.0147
0.0255 0.1770
B9 0.0848
0.0553 -0.0046
8790 0.0013
0.0500 026D
00%e -0.2203
0.0124 0.0916
0.0030 801
8.005 0.0222
0.0000 0960.
0.0002 -0.0010
QP8 -0.1596
0.0088 0.0962

**

significant at the 1% level
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total population to county land area, it variesyoamong observations, not among land use
alternatives. The own and cross elasticities ofhetansition probabilities with respect to
population density are even in magnitudes, thu®mhg report the own elasiticities. For both of
the subregions, the elasticity of any transitioobability to pasture or developed uses with
respect to population density is positive, indiogtihat no matter what kind of land it is initiglly
population growth or urbanization stimulates latal€onvert to pasture lands or to urban use.
Probabilities of lands staying in crops or tramgjtto crops decrease as population increase with
the exception of lands initial in forests.

Lands initially in forests respond more drasticadlith respect to population density in
the subregion with rangelands. The negative eltastcof the probabilities of lands remaining
their original use in forests or the probabilitefs new forests transiting from other rural uses
imply that population growth make the forests Ids&ir competitiveness with other rural lands.
Lands are not likely to convert to forests whenylapon rises.

Keeping all other factors equal, a 1% increase apupation density will result in a
0.08%, 0.05%, 0.07% and 0.89% increase of landsittan probabilities from crop, pasture,
range, and forest to developed use respectivethensubregion with rangelands, and 0.08%,
0.09% and 0.10% increase of that from crop, pastanel forests in the subregion without
rangelands. The same change of population dengdltgause 0.33%, 0.50%, 0.38%, and 0.04%
decrease of land use transition probabilities fromop, pasture, range, and forest to forests
respectively in the subregion with rangelands, @riB%, 0.22% and 0.16% increase of that
from crop, pasture, and forests in the subregiothamit rangelands. The role of population
density on rangelands is bilateral. A 1% increab@apulation density increase the land use

transition probabilities from crop, range and fése® range by 0.01%, 0.04%, and 0.74%,
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respectively, while decrease the transition prdiggtof lands from pasture to range by 0.04%.

Comparing the magnitudes of elasticities of tlaadition probability with respect to the
mean of economic returns and the mean of populaémsity, though both of them are inelastic,
the magnitudes of the elasticities with respegbdpulation density are relatively larger, which
means that land use transition probabilities argengensitive to the change of population

density. It contributes more on rural land use ctida and on urbanization.

6. Simulations

The previous analysis provides quantitative effeéteconomic returns and land quality
on land use transition probabilities by estimating parameters, probabilities and elasticities of
each variable. While it is not easy to tell theatiee importance of the different effects since
both own and cross elasticities are estimated eatntbans of the economic profits, and could
affect lands on 25 or 36 terms simultaneously. ¥sial based on the plot level data could
examine land use transition behavior more accyrabelwever, it cannot reflect the aggregate
behavior of the key factors on land use transitiansl could not provide enough information for
comparing the explanatory power of different valesb

Simulations provide a way to explore the aggregdt@nges among different land-use
categories driven by different economic returnsreHee examine two types of simulations:
factual and counterfactual simulation. In this gectwe first present a “factual” simulation to
check the predictive accuracy of the RPL model, thed we present a series of “counterfactual”
simulations directly related to changes of econoreitirns to explore the importance of the

various economic return levels on return variable.
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6.1. “Factual” Simulation

The “factual” simulation is designed to use thetdrisally observed values of all
variables to simulate land use changes among xhaajor land use categories. Using the parcel
simulated transition probability derived from thd’IR model, and its corresponding acreage
factor from NRI, estimations of acres of land attparcel transiting from one starting use to
another use can be calculated. Summation of thelsied acreages of all parcels for each
particular land use category presents the aggrexsimated acreages of that certain use. The
aggregate estimated acreages of a certain lantypseare compared with factual land use from
the NRI reports to check the predictive accuracythef RPL model as well as to provide a
baseline for comparing the historically observeddlaise change against some hypothetical
scenarios.

Table 12 presents the factual simulation resulteims of the approach described above
and the comparison of the simulated and actualagese The RPL models are generally
powerful for predicting aggregate land use acresigee most of the percentages of predicted
deviation between factual simulated and actual lasé status are fairly small in both
subregions. The greatest predicted deviations dtn bubregions come from lands for CRP and
lands for developed purpose for each transitiorodeFor example, in the subregion with
rangelands, lands in CRP use from factual simulatiaring the period 1982 to 1987 are
underestimated by 0.3 million acres (11.56%) comgbdo the actual use. Lands in developed
use are overestimated by 38.06 percent between 49871992 in the factual simulation. The
most serious deviation for the subregion with rdages is the CRP lands in the period of 1992-
1997. The factual simulated acreage overestimhteadtual acreage by about 5 times. The same

situation is observed in the subregion without edagds as well. One possible reason for the
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large deviations could be the relatively small areda CRP and developed lands compared to
other land use categories. Generally, the totaage of lands is fixed. Any small deviation from
crop, pasture, range or forest could cause a labg®lute acreage difference to CRP or to
developed use. The trade-off between the fixed aneafour or three large rural land bases goes
to CRP and non-rural use, thus aggregate the dmviat these two kinds of lands.

Table 12. Comparison of “factual” simulated aread actual areas

Scenarios Period Crop Pasture Range Forest CRP Developed
Subregion with Rangelands

Actual Acreages 1982-87 59977.2 39561.8 113818.6 0708 2589.6 1403.8
Factual Simulated Acreages 59670.23 39406.22 1145188172.39  2290.14 1366.04
Percentage Deviation -0.51% -0.39% 0.61% 0.13% .56Ph -2.69%
Actual Acreages 1987-92 55178.8 39938.8 112733.5 58384 3551.7 1647.7
Factual Simulated Acreages 56376.03 39148.4 1190498672.72 2199.86 2186.73
Percentage Deviation 2.17% -1.98% 0.28% 0.11% 0638. 32.71%
Actual Acreages 1992-97 52482.7 38697.9 112953.4 380% 320.1 2225.2
Factual Simulated Acreages 51498.15 39484.65 11486979012.8 1967.63 2227.12
Percentage Deviation -1.88% 2.03% -0.96% -0.46% 4.68P% 0.09%

Subregion without Rangelands

Actual Acreages 1982-87 32000.1 23414.3 --- 100506. 1075.9 1449.6
Factual Simulated Acreages 32053.96 23612.09 --- 028D 1028.92 1469.74
Percentage Deviation 0.17% 0.84% -0.22% -4.37% 1.40%
Actual Acreages 1987-92 28429 23601.9 100361 61% 1694.6
Factual Simulated Acreages 29314.30 22853.76 ---0470.6 968.07 2034.25
Percentage Deviation 3.11% -3.17% 0.12% -3B00 20.04%
Actual Acreages 1992-97 26519.7 22262.7 --- 99844.8 204.9 2614.5
Factual Simulated Acreages 25553.35 22766.58 ---83B85 844.41 2444.60
Percentage Deviation -3.64% 2.26% -0.01% 3IM%.1 -6.50%
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6.2 “Counterfactual” Simulations

Following Lubowski (2002), the counterfactual siations regarding to variables of
economic return variable are pursued to examinénipertance of return variables on aggregate
land use transition behaviors between differend lase categories by keeping the return of one
land use category at the early period’s value, evlélilowing the profit values of all the other land
use categories to take their actual historicalemlBecause the return variable in our RPL model
specification is with a period lag and the valuéseturn before 1978 is not available, we only
examine the simulations from 1987 to 1997.

From Table 3, the values of land economic retuonstie six major categories change
into different directions for the periods for 197882, 1983-1987 and 1988-1992. Except for the
average negative pasture return where is obsenvéeiU.S. South for the 1983-1987 period, in
general, between the 1978-1982 and 1988-1992 ritite total real increases of annual per
acre economic return for range, forest, CRP anctldped use are $3.78 (26.16%), $2.89
(45.95%), $45.18, and $405.49 (46.33%), respegtiredal per acre crop return decreased from
$44.32 to $13.83 from 1978-1982 to 1983-1997, thereased slightly to $17.30 in 1988-1992.
Table 13 reports the simulation results of areangha of the six major land use categories under
different scenarios. The change in the acreageaoh éand use type for factual simulation is
based on the historical values of all variableglusethe estimation. Counterfactual simulations
trace land use situations under different assumgtion economic values. The difference
between the counterfactual simulation and factirlukation results divided by the factual
simulation results measures the percentage chasagged by the constant economic returns.

Positive (negative) values indicate that the acedgnge in the counterfactual simulation is
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Table 13.

Simulated changes of land use categorid® southern U.S. under alternative scenarios

Subregion with rangelands

Subregion without rangelands

U.S. South

Percentages of

Percentages of

Percentages of

Simulation Scenario . Acreage change Change in Acreage changg  Change in Acreage change
Change in Acreage : . .
(,000 of acres) attrllbutable to Acreage attrl.butable to Acreage attrllbutable to
Variable Held | (,000 of acres) Variable Held | (,000 of acres) Variable Held
Constant Constant Constant

Crop Lands
Factual Simulation -8172.07 0.00p6 -6500.61 0.00% 4672.68 0.00%
No Change in any return -8006.53 -2.03% -6266.88 .60% -14273.41 -2.72%
No Change in Crop Return -8131.77 -0.49% -6411.32 1.37% -14543.09 -0.88%
No Change in Pasture Return -8222.40 0.62% -6515.45 0.23% -14737.85 0.44%
No Change in Range Return -8169.94 -0.08% -6500.61 0.00% -14670.56 -0.01%
No Change in Forest Return -8171.55 -0.001% -6498.82 -0.03% -14670.37 -0.02%
No Change in CRP Return -8129.33 -0.52% -6483.85 .26%0 -14613.18 -0.41%
No Change in Developed Return -8041.73 -1.59% -6358 -2.19% -14399.93 -1.86%
No change in Govt. payment -7849.39 -3.95% -6046.38 -6.99% -13895.77 -5.29%
No Change in Crop excluded govt. Return -8130.57 51% -6410.47 -1.39% -14541.04 -0.90%
No Change in Population Density -8151.20 -0.26% 29%6a7 -1.10% -14580.27 -0.63%
Pasture Lands
Factual Simulation 78.43 0.00% -845.51 0.00% -7867.0 0.00%
No Change in any return 408.64 421.05% -659.35 022%. -250.71 -67.32%
No Change in Crop Return 60.47 -22.90% -892.87 %.60 -832.40 8.52%
No Change in Pasture Return 191.83 144.60% -821.97 -2.78% -630.14 -17.85%
No Change in Range Return 81.08 3.38% -845.51 0.00% -764.43 -0.35%
No Change in Forest Return 80.40 2.51% -842.35 79.3 -761.95 -0.67%
No Change in CRP Return 81.70 4.17% -842.51 -0.35%  -760.81 -0.82%
No Change in Developed Return 306.86 291.27% -@40.6 -24.24% -333.80 -56.48%
No change in Govt. payment -55.11 -170.26% -1090.24 28.94% -1145.35 49.31%
No Change in Crop excluded govt. Return 59.77 2% -893.39 5.66% -833.62 8.67%
No Change in Population Density 19.92 -74.60% 809. 7.58% -889.69 15.98%
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Table 13. (Continued) Simulated changes of landcassgories in the southern U.S. under alternatemarios

Subregion with rangelands Subregion without rangelands U.S. South
Percentages of Percentages of Percentages of
Simulation Scenario ch . Acreage change Change in Acreage changel  Change in Acreage change
ange in Acreage . : .
(,000 of acres) attrllbutable to Acreage attr|.butable to Acreage attr|.butable to
Variable Held | (,000 of acres) Variable Held (,000 of acres) Variable Held
Constant Constant Constant
RangelLands
Factual Simulation -2647.30 0.00p% -2647.30 0060
No Change in any return -2482.12 -6.24% -2482.12 -6.24%
No Change in Crop Return -2653.20 6.89% -2653.20 6.89%
No Change in Pasture Return -2665.02 0.45% -2665.02 0.45%
No Change in Range Return -2654.59 -0.39% -2654.59 -0.39%
No Change in Forest Return -2646.96 -0.29% -2646.96 -0.29%
No Change in CRP Return -2645.53 -0.05% -2645.53 -0.05%
No Change in Developed Return -2453.71 -7.25% -2453.71 -7.25%
No change in Govt. payment -2699.22 10.019 -2699.22 10.01%
No Change in Crop excluded govt. Return -2653.46 -1.70% -2653.46 -1.70%
No Change in Population Density -2641.01 -0.47% -2641.01 -0.47%
Forest Lands
Factual Simulation 840.41 0.00% -443.94 0.00% 396.47 0.00%
No Change in any return 1141.92 35.889 214.43 -148.30% 1356.35 242.10%
No Change in Crop Return 837.37 -0.36% -464.32 4.59% 373.05 -5.91%
No Change in Pasture Return 805.64 -4.14% -451.31 1.66% 354.33 -10.63%
No Change in Range Return 841.11 0.08% -443.94 0.00% 397.17 0.18%
No Change in Forest Return 836.37 -0.48% -451.97 1.81% 384.40 -3.05%
No Change in CRP Return 840.90 0.06% -442.75 -0.27% 398.15 0.42%
No Change in Developed Return 1182.33 40.689 248.25 -155.92% 1430.58 260.83%
No change in Govt. payment 819.01 -2.55% -548.04 23.45% 270.97 -31.65%
No Change in Crop excluded govt. Return 837.28 -0.37% -464.55 4.64% 372.73 -5.99%
No Change in Population Density 801.69 -4.61% -458.52 3.28% 343.17 -13.44%
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Table 13. (Continued) Simulated Changes of Land@Cegories in the Southern U.S. under Alternafigenarios

Subregion with rangelands

Subregion without rangelands

U.S. South

Percentages of

Percentages of

Percentages of

Simulation Scenario ch . Acreage change Change in Acreage changel Change in Acreage change
ange in Acreage . : .
(,000 of acres) attrllbutable to Acreage attr|.butable to Acreage attn.butable to
Variable Held | (,000 of acres) Variable Held (,000 of acres) Variable Held
Constant Constant Constant

CRP Lands

Factual Simulation 6457.63 0.00% 2841.4 0.00% 9299.03 0.00%
No Change in any return 6344.41 -1.75% 2773.83 -2.38% 9118.24 -1.94%
No Change in Crop Return 6427.09 -0.47% 2813.25 -0.99% 9240.34 -0.63%
No Change in Pasture Return 6447.47 -0.16% 2836.08 -0.19% 9283.55 -0.17%
No Change in Range Return 6457.89 0.00% 2841.4 0.00% 9299.29 0.00%
No Change in Forest Return 6457.65 0.00% 2841.49 0.00% 9299.14 0.00%
No Change in CRP Return 6375.14 -1.28% 2799.56 -1.47% 9174.70 -1.34%
No Change in Developed Return 6466.94 0.14% 2848.68 0.26% 9315.62 0.18%
No change in Govt. payment 6461.20 0.06% 2824.77 -0.59% 9285.97 -0.14%
No Change in Crop excluded govt. Return 6440.08 -0.27% 2816.42 -0.88% 9256.50 -0.46%
No Change in Population Density 6527.52 1.08% 2852.81 0.40% 9380.33 0.87%
Developed Lands

Factual Simulation 5779.88 0.00% 5947.66 0.00% 11727.54 0.00%
No Change in any return 4030.87 -30.269 4305.31 -27.61% 8336.18 -28.92%
No Change in Crop Return 5772.83 -0.12% 5930.54 -0.29% 11703.37 -0.21%
No Change in Pasture Return 5736.33 -0.75% 5931.34 -0.27% 11667.67 -0.51%
No Change in Range Return 5783.06 0.05% 5947.66 0.00P%6 11730.72 0.03%
No Change in Forest Return 5780.45 0.01% 5950.97 0.06% 11731.42 0.03%
No Change in CRP Return 5780.54 0.01% 5948.29 0.01% 11728.83 0.01%
No Change in Developed Return 4064.50 -29.689 4325.58 -27.27% 8390.08 -28.46%
No change in Govt. payment 5775.00 -0.08% 5928.22 -0.33% 11703.22 -0.21%
No Change in Crop excluded govt. Return 5776.57 -0.06% 5932.06 -0.26% 11708.63 -0.16%
No Change in Population Density 5816.53 0.63% 5945.67 -0.03%% 11762.20 0.30%
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greater (smaller) than the factual simulation. Blfgger the absolute value of the difference, the
more important the attribute contributes to lane wansition aggregate behavior.

The historical simulation results are first dis@dyby subregion, and then summed to the
whole of the U.S. South. Take croplands as an ebanfigr the change of cropland between
1987-1997, the factual simulation reports an 8.3)(énillion decrease in the subregion with
(without) rangelands. In total, the U.S. South &mabout 14.7 million acres of croplands during
1987-1997 based on the factual simulation resuitchvis much closer to the actual loss of 13.0
million acres from the NRI reports. According tauaterfactual simulation results, the simulated
effects of no changes in the return variable induely period cause a 2.03 percent (0.17 million
acres) smaller decrease on croplands in the swregth rangelands, and a 3.60 percent (0.23
million acres) smaller decrease compared to theidhsimulation result.

Comparing the factual and counterfactual simulatiesults, in general, keeping all the
economic returns for different land use alternatisetheir 1978-1982 level, we could have 0.40,
0.52 and 0.17 million acres more lands in cropfyasand range uses respectively, accompanied
by a 0.96, 0.18 and 3.40 million acres decreaséslam forest, CRP, and developed purposes
respectively. Compared to the role of the assunoedtant economic return for each land use
alternative, the significant appreciation of depeld lands is the main cause of losses of rural
lands. Without the $405.49 (46.33%) increase fr@m8t1982 to 1988-1992 period, there could
be 1.59 percentage, 291.27 percentage, 7.25 pagee0.68 percentage more lands on crop,
pasture, range and forest respectively in the gitmewith rangelands, and 2.19 percentage,
24.24 percentage and 260.83 percentage more laraep, pasture and forest uses respectively
in the subregion without rangelands. As a trade-®f4 million acres rural lands will be kept

from transiting to developed use.
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As a subsidy, government payments aim to motivateldwners to keep cropping by
providing financial supports. It accounts for appneately 50 percent of the total real crop
return from the period 1978-1982 and 1992-1997,&hdercent in 1983-1987. During the study
period, government payments decreased more thalf.al'he significant decrease mitigated the
competitive ability of croplands compared to oth@md use alternatives. In total, the 51.10
percent decrease of government payments could @useditional 5.29 percent (0.78 million
acres) more lands to switch from crop usage, aitiaddl 3.95 percent (0.38 million acres) more
lands on pasture, and an additional 10.01 per@e@5 (million acres) more lands on rangelands
in the South. Forests, lands in CRP, and develtp®ts are not affected as much as agricultural
lands under the change of government payments.

Additionally, the impacts of population density kalieen revealed in Table 13 under
each land use category by subregion. The growth ahfpopulation density is approximately
twice higher in the subregion with rangelands thé@thout. The contribution of population
density to pasture and forests are more signifidaant that to croplands and forests. Comparing
the factual and counterfactual simulation resuhg, 34.66 percentage increase of population
density in the region with rangeland could decreaspland, rangeland, and forest uses by 0.02
million acres (0.26%), 0.01 million acres (0.47%M)d 0.04 million acres (4.61%), respectively,
and increase pasture by 0.06 million acres (74.6(86)y the whole region, no change in
population from 1978-1982 to 1988-1992 periods dopftovide 0.09 million acres more
croplands (0.63%), 0.01 million acres more rang#sai®.47%), 0.12 million acres (15.98%) less

pasture, and 0.05 million acres less forests (1%14

48



7. Conclusions and Discussions

A panel RPL model is constructed in this studyxplere the determinants of land use
transitions among six major land use categoriethénsouthern U.S. using NRI plot-level land
use and land quality data and county-level per am@nomic returns to various land use
alternatives. The results demonstrate that landtmasesitions are highly related to land rents,
land quality and population density. The probaiesitand elasticities analyses provide further
information on the effect of different factors aanél use change decisions. Both the elasticities
of land use transition probabilities with respecthe mean of the net economic returns and the
mean of population density are inelastic, and pamrt growth contributed more than economic
returns to the decrease in rural land uses, and sipe urbanization. With the historical
simulation, we address the different importanceanomic returns on land use alternatives as
well as population density on aggregate behaviblana use changes. We find that urbanization
associated with land value appreciation is the mogbrtant factor for the decrease of rural
lands. Increases of economic return of each las® aategory is another contributing factor
causing less decrease of that certain land use.

Though the RPL model could provide an unbiasednadtir for each probability and is
quite appealing as noted earlier, the applicatioRPL model has been restricted by simulation
methods. There might be a potential simulation Imasstimating the unknown distribution of
the random components with a log-normal distributamd the lognormal predictions need to be

adjusted because the predicted mean is lower fiwndistribution than the observed data.
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Chapter 3. An Econometric Study of Forest Typer@ea and

Related Canbon Consequences in the Southern U.S.

1. Introduction

Forests in the South account for 27 percent dadist lands in the United States (Smith
et al. 2009). A fairly constant 96 percent of thesest lands in the South is timberland over the
past half century (Alig and Butler 2004). It is thwst important timber production region that
holds about two-fifths of the country’s timberlammtpducing about 58 percent of U.S. industrial
roundwood and three-fourths of total U.S. pulpwdnd2002 (Zhang and Polyakov 2010).
Although the fraction of planted stands is only @&cent of the total timber land (about 45
million acres) in the South in 2007, it contributes57 percent of accrual of the net annual
growth of softwood species based on recent remeamunt data and provides 43 percent of the
softwood removals in 2007 (Smith et al. 2009).

Between 1952 and 1997, planted pine area incrdasedore than 10.1 million hectares
in the South, mainly caused by artificial regeners of harvested natural pine, mixed-oak-pine,
and hardwood stands or plantations on old agricalltands. Naturally generated pine lost a total
of 59 percent of its area, which is the largestngeaof forest type, followed by increases of
planted pine and upland hardwood, and decreasewddid hardwood (Alig and Butler 2004).
These trends might continue and perhaps be expbetlise regenerated plantations, the vast
majority of which are composed of softwood speceesjld produce larger volumes of higher-
value sawtimber in less time relative to hardwoaas] provide relatively larger returns for

forest owners (Siry 2002). However, hardwood fardstve higher annual wood production and
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higher carbon stocks than softwood forests (Brotwal.e1999, Brown and Schroeder 1999). On
average, the carbon storage ability of planted f@ramly from 46 percent to 70 percent of that of
upland hardwood forests, depending on site quéfibx 2003). The different growth rates and
carbon sequestration capabilities of forest tymrgcccause unclear consequences for the future
availability of timber, wildlife habitat, forest daon, and other forest ecosystem goods and
services.

The Intergovernmental Panel on Climate Change (A& reported that total land use,
land use change and forestry activities has rasutteet carbon (C) sequestration increases by
approximately 26 percent between 1990 and 200Z0@QY, about 17.4 percent of total U.S. CO
emissions were offset by changes of land use anesthy, with a net C sequestration of
1,062.6Tg CQ(289.8 Tg C). This increase was primarily due taramease in the rate of net C
accumulation in forest C stocks (EPA 2009). Previgtudies on terrestrial carbon analysis
suggest that afforestation, including tree plaoteti may be an effective way to increase
terrestrial carbon stores in the United States j(5&889, Moulton and Richards 1990, Adams
and Haynes 1996, Birdsey et al. 1999). while ecatomexaminations are quite limited to deal
with the quantitative effects of this kind of eronmental change on carbon consequences,
except for Alig and Bulter (2004) and Sohngen anah& (2006).

The purpose of this study is to project the futdisgribution of southern forest types, and
to examine related carbon consequences. This gsalds the advantages of discrete choice
models described in Chapter 2 by using availablaetdevel forest type data from the Forest
Inventory and Analysis (FIA), and considers lane ul/namics between forestry and non-

forestry sectors as a simultaneous process orusedynamics within forest sectors.
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The next section introduces the method for prapgcthe future forest type changes and
the data used in the study. Section 3 and 4 presenhodel estimation results, and land use and
forest type projections. Section 5 shows the comsparresults of carbon sequestrations with
forest type changes and without. The final sectiemmarizes and draws conclusions and policy

implications based on our findings.

2. Methods and Data

Forest type changes cannot be isolated from lapddysamics since total land area for
the region is fixed. Because conversion among faed non-forest land uses and conversion
within forest sectors happens at the same tims,ntore reasonable to estimate these two kinds
of change simultaneously. Sohngen and Brown (2086) a share model to examine the shares
of lands in three forest types and agricultural bsged on aggregated county-level land use data
from NRI and forest type data from FIA. With therg@eter estimates, and the assumed rental
rates for future time periods, the proportion ofdallocated to these four land uses are predicted
for each county. Models simultaneously exploringdlaise changes and forest type changes
other than a share model could not accomplishaneastage model due to data availability and
convertibility (Alig and Butler 2004, Zhang and Rakov 2010). Therefore, to project future
patterns of forest types, we follow Zhang and Pkya(2010) ‘s conceptual scheme of pine
plantation simulation to project land use dynanircghe coming half century in the first stage,

and then project forest type changes conditiondand use projection results in the first stage.

2.1. Projection of Future Land Use Change Patterns
Similarly to the study in Chapter 2, we perform dw®nometric study of U.S. South land
use and land use change, and project future laacaterns with the random parameter logit

(RPL) model, but with a different data constructidime available latest ten-year interval U.S.

52



South land use data that trace land use transitimnderived from National Resources Inventory
(NRI) from 1987 to 1997. Plots in non-federal rupalrposes are chosen with four initial uses
(crop, pasture, range and forest) and five finalsugrop, pasture, range, forests, and developed
lands). Lands classified as Conservation Reseregr®m (CRP) in NRI are reclassified into
crop or forest uses according to further CRP infdrom. Other lands including water, federal
lands and lands in developed purposes in 1987xaleded from the analysis. Our dependent
variable in the RPL model is land use category 9971 Explanatory variables in the model
include socio-economic and bio-physical factorsolgould limit and influence the chance of a
particular land parcel being converted to anotlser, with previous ten-year average real values
for time-variant variables and fixed values forehimvariant variables. To be consistent with the
forest type change projection in the second stagegxclude non-forest counties which are
mostly in western Texas in NRI according to Fotegentory and Analysis (FIA) records.

In total, our land use change study covers 1,02&sfocounties in the South, including
188,823 plots, representing 67 percent of the tadatfederal rural lands. The key variables used
in the model are economic returns for land userateres, dummy variable “Prime farmland”
from NRI, population interaction index (PII) frothe Census block group population data, and
continuous variable of slope for each point fromINWe also include three dummy variables,
Piedmont, Mississippi Delta, Mountains and Plateagapture land use transition patterns with
respect to physical geographical features. Couittiesastal plain are set as the base. In terms of
classic land theory, we assume that the higheretwmmomic return of a kind of land use, the
higher probability of lands remaining or convertioghat certain use. Lands classified as “prime
farmland” are more likely to stay in or convertdgricultural use due to high productivity of

agricultural products (Polyakov and Zhang 2008,ri¢hand Polyakov 2010). Slope of a site is
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assumed to negatively influence lands in agricaltuise and developed use. The steeper the
slope is, the less probability of land remainingirconverting to those uses.

Parameter estimates in the RPL model are usedojegprmajor land use areas in the
coming half century. Keeping all time-invariant ,dnles with the same values, we adjust county
land rents for different land use types based eir thistorical growth rates from 1987 to 1997.
The average annual growth rates of land rents rfapland, pasture, rangeland and forests are
2.22 percent, 4.68 percent, 0.48 percent, 3.49eperand 0.85 percent, respectively. PII

adjustment is based on the annual growth rate dilation projected by US Census Bureau.

2.2. Projection of Future Forest Type Patterns

Forest types change is a prominent environment@hgd along with land use and land
cover changes in the South. The dramatic increatgdanted pine plantation transited from
other forest types or afforested from marginal @agtural lands are not only of interest for forest
managers or investors, but also for policy makexs environmentalists. Previous econometric
studies emphasized modeling the dynamics of f@lasitation by examining or projecting forest
plantation using aggregate forest type data, howageZhang and Polyakov (2010) said, “they
seldom consider the possibility of diminishing ahtl resources available for plantation (Kline et
al. 2001, Wear and Greis 2002, Zhou et al. 200&nd Zhang 2007).”

In the second stage, the RPL model is used to exjlgnamics of forest type changes
among five major forest types: planted pine, natpme, mixed pine, upland hardwood, and
bottomland hardwood using the FIA remeasuremerd. dBtte FIA data are collected on an
approximate 10-year cycle for sample plots locatagyhly in a 5 by 5 grid pattern. To match

data collection time between NRI and FIA, we usesimory data between 1980 and 1990 as the
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initial point, and data between 1990 and 2000 asfitral point. Remeasurementable plots in

these two periods record the actual forest typeélsaniwo different time periods.
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Figure 3. The structure of plantation developménusation.
Source: Zhang D, Polyakov M, 2010.

Explanatory variables for the analysis include s@gonomic and bio-physical factors as
well. Due to lack of harvest volume data, and marniesactions usually happen on a stand tree.
We use growing-stock volume of live trees instedtiarvest volume to calculate the economic

return for each forest cover type. We first separsawtimber and pulpwood based on the
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diameter of breast for each tree and aggregatgi¢hds based on their growing-stock volume
provided by FIA. Prices for sawtimber and pulpwoa@ derived from Timber Mart South
(TMS). Thus the product of growing- stock volumealamit price for each forest cover type is
the gross economic return, and is used as a prorgtarns to different forest type. Two more
variables other than dummies of geographical feafuslope and PIl are added into the model.
Soil hydricity represents high content of moisturehe soil. The higher the soil hydricity is, the
less suitable for a pine plantation. The remeasen¢meriod for each plot is included. A longer
remeasurement period will lead to a higher prolitghdf observed forest type change (Zhang
and Polyakov 2010).

The projection of forest type change is based aamater estimates in the first stage,
and the projection of forestlands in the second. a&ume that the growth rates of economic
returns for different cover types in future decatt#low the same change trend in 1987-1997.
Using the rates of forest loss and gain calculétech the land use change projection for each
FIA unit in each state, we adjust area of eachstgpéot to make sure that the dynamics of forest

loss and gain can be fully presented.

3. Estimation Results

With the assumption of log-normal distribution dfet economic returns in each stage, we
estimate the model with Conditional Logit (CL) argndom Parameters Logit (RPL)
specifications, and test the model preference v and RPL in each stage. Then we report
the estimation results for the preferred model.ldali4 and 15 present our model estimates for
the RPL model and CL model for the two steps, retppay. For both of the two stages, most
parameters are highly significant at the 1% or 8l with expected signs. Both the mean of

economic returns for different land uses in thedlaise change model and the difference of

56



economic earnings for different forest types inftirest types change model positively influence
the probability of lands or forests remaining oneerting to that kind activity. The standard
deviation of economic returns in the first modelsignificant at the 1% level, indicating that
economic returns vary among plots with a log-nordistribution.

Table 14. Plot-level RPL model estimation resuttsldnd use changes

Variables Final Land Uses (choices)
Crop Pasture Range Forest Developed

Initial Crop 0 -2.1856***  -5.2509***  -2,1793**  -3.4005***
(0.0349) (0.1773) (0.0355) (0.0557)

Initial Pasture -2.3079%** 0 -3.5133***  -1.3274***  -3.1546***
(0.0385) (0.0975) (0.0339) (0.0572)

Initial Range -3.2120%** -2.3547%* 0 -2.2242%%%  3.8102*%**
(0.1117) (0.0739) (0.0772) (0.1135)

Initial Forest -5.6016*** -4.6611%*  -7.4261%* 0 -4,6249%**
(0.0500) (0.0374) (0.1071) (0.0418)

Pl -0.0023*** -0.0038***  -0.0016***  -0.0025***  ---
(0.0002) (0.0001) (0.0002) (0.0001)

Changeof PII -0.0054*** -0.0015***  -0.0027***  -0.0071***  ---
(0.0005) (0.0005) (0.0008) (0.0003)

Primeland 1.3816%+* 1.0300 0.3144* 0.4807** -
(0.0530) (0.0527) (0.1633) (0.0516)

Slope 0.1159*** 0.1603*** -0.6014***  0.0398***
(0.0070) (0.0065) (0.0352) (0.0068)

Pie -0.4312*** 0.3289*** 0.6659*** 0.1489***
(0.0489) (0.0465) (0.1132) (0.0407)

Mountain -0.0232 0.2053*+*  -0.1900 -0.0796
(0.0584) (0.0560) (0.2278) (0.0523)

Delta 1.5689*** 0.7517*** -1.2986* 0.5966***
(0.1256) (0.1312) (0.7234) (0.1308)

Economic Return for All
Land Use Alternatives eco'r\:loer{rj:inc?];turn S0 OSIEdREtS;/n LarsT
(0.2532) (0.1394)

Number of observation 188,823

Log-likelihood -64915.68

Preudo R? 0.7864

*** gignificant at the 1% level, ** significant ahe 5% level, * significant at the 10% level
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Table 15. RPL model estimation results for forgpetchanges

Variables Final Forest Types (choices)
Pine Plantation Natural Pine  Mixed Pine  Upland Bottomland
Hardwood Hardwood
Initial Pine Plantation 0 -3.5650*** -2.6353**  -3.3690*** -3.2017***
(0.2129) (0.2258) (0.5066) (0.2327)
Initial Natural Pine -1.527 7% 0 -0.7903**  -1.6046** -1.5480%*
(0.2040) (0.2192) (0.4571) (0.1875)
Initial Mixed Pine -1.5854*** -1.8691*** 0 -1.2591***  -4.5938***
(0.2491) (0.2198) (0.4684) (0.4655)
Initial Upland Har dwood -2.3058*** -4.1947*+* -1.6123*** 0 -0.9976**
(0.2255) (0.1974) (0.2470) (0.4503)
Initial Bottomland Hardwood -4 5938+ -6.8684*** -3.9383**  -3.7817** 0
(0.4655) (0.4937) (0.4674) (0.4533)
Population Influence I ndex -0.1859*** -0.0229** -0.0325***  -0.0426*** ---
(0.0141) (0.0106) (0.0089) (0.0142)

Change of Population

Influence | ndex 0.0524* 0.0770%* 0.0225 0.0369
(0.0312) (0.0238) (0.0205) (0.0297)  ---

Slope -0.0369*** -0.0186*** -0.0149%*  .0.0512%* -
(0.0034) (0.0025) (0.0019) (0.0054)  ---

Soil Hydricity -0.2640 0.6008*** 0.9255%*  2.3828%* .
(0.1721) (0.1369) (0.1168) (0.0992)  ---

Piedmont -0.5691%+* -0.2848%* -0.2755**  .0.1678*  ---
(0.0526) (0.0492) (0.0419) (0.0726)  ---

Mountains and Plateau -1.6115%* -0.6300*** -0.6544**  .0.4658*** -
(0.1047) (0.0945) (0.0680) (0.1625)  ---

Mississippi Delta -0.3523** 0.4486** 0.0075 0.9537*+ ...
(0.1580) (0.1331) (0.1259) (0.1658)  ---

Log(re-measurement period)  0.7862** 0.3778*+* 0.0972 -0.5450%* -
(0.1130) (0.0940) (0.1213) (0.2245)  ---

Earning Profits Mean of Gross 0.0002
Return (0.0001)

Number of observation 40459

Log-likelihood -30576.95

Preudo R? 0.57

*** gignificant at the 1% level, ** significant a¢he 5% level, * significant at the 10% level

The significant land use transition terms and fotgge conversion terms indicate that
there are dynamics among different land uses arebtfdypes. Forest lands are more likely to

convert from pasture lands, and to convert to daged use. Except for the existed pine
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plantation, currently planted pines mainly tramsigd from natural pine, followed by mixed pine
and upland hardwood. Hardwoods prefer to transihiwihardwoods. They are less likely to
convert to softwood forests after harvested.

All other things being equal, lands converted tioamr (forest) use are most (least) likely
to happen under a greater Pll and a greater chainB#d. High population pressure leads to a
higher probability of forest type change convertechardwoods. And the probability of pine
plantation converted from other type decreasesllagmdreases. High slope and productive soil
increase the probability of lands under or conwkrte forest use compared to land use
alternatives in developed purpose. While the saoneliion causes a lower transition probability
of forest lands for pine plantation. Forests undiffierent geographical regions have different
transition preference. Basically, forests in cdgsia@n have higher probabilities for planted pine,

followed by Mississippi Delta, Piedmont, and Mounsaand Plateau.

4. Land Useand Forest Type Projections

Based on the estimation results and the methodildeddn section 2, we start our land
use simulation from 1997 to 2047 in decades. Wédcoat use land use data between 1997 and
2007 due to data unavailability of NRI. While trendl use simulation results for 2007 with
assumed change rates of economic return and papulafluence index indicates a 2.10 percent
(3.71 million acres) decrease of forest lands frb@97 to 2007, which is 0.3 percentage
overestimate of the decrease compared to FIA 8tatid.8 percentage decrease in FIAJr the
ten-year interval simulation from 2007 to 2047 ef&is increase by 0.13 percent during 2007-
2017, then presents an increasing decrease trehdate of 0.42 percent, 0.77 percent, and 1.11

percent in every decade, where the total decrdabe study period is 4.24 percent.
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Table 16 presents the region aggregate land agacped for each forest type after
adjusted by projection of forest land areas in firet stage from 1997 to 2047. During this
period, pine plantations increase by 57.77 perceuat, natural pine, mixed pine-hardwood,
bottomland hardwood, and upland hardwood decre&s803percent, 22.74 percent, 17.63
percent and 5.20 percent, respectively. Figuresdisglay the simulated percentage change of
each forest type by county from 2007 to 2047. At dtate level, pine plantations will increase a
large amount in Alabama, Mississippi, and Louisjamainly caused by dramatic conversion
from natural pine. A high increase of natural pim@rojected in the mountain area and western
Arkansas. The common use for this region is fangilaa small amount increase in pine
plantation will bring a high percentage change t&atand hardwoods highly increase in coastal
area. The influences of geographical situationhendistribution of forest type can be seen from
these figures.

Table 16. Projections of the areas of private tiri@mel in the South by forest type between 1997
and 2047, million hectares

Change
1997 2007 2017 2027 2037 2047 (1997_2847)
Pine plantation 10.2 13.7 15.1 15.9 16.2 16.1 .77
Natural pine 10.8 10.2 9.1 8.5 8.0 7.6 -30.30%
Mixed-pine hardwood 10.1 9.1 9.1 8.8 8.3 7.8 -2%74
Bottomland hardwood 10.4 9.2 8.9 8.7 8.5 8.6 -1%63
Upland hardwood 24.0 22.1 22.1 22.2 225 22.7 %.20
Total forest 65.6 64.2 64.3 64.0 63.5 62.8 -4.21%
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Figure 4. Simulated percentage change of private plantations between 2007 and 2047
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Figure 5. Simulated percentage change of natunal petween 2007 and 2047.
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Figure 6. Simulated percentage change of mixed lpanéwood between 2007 and 2047
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Figure 8. Simulated percentage change of bottontkandwood between 2007 and 2047

5. Carbon Consequences from Forest | nventory Projection

This section quantifies the approximate contributod the forestry sector to the region’s
carbon balance. Our goal to compare the influedderest type changes on carbon emission
allows us to not to account for long-term effedtpor land-use changes on soil carbon, which
means that soil carbon sequestrated by differemnt lse categories other than forests in 1997 or
by land-use changes from or to forest in the follmvdecades is not considered. We first
estimate the growing-stock volume of each foresecdype under the initial and the projected
forest type distributions in each period, and tleattulate the forest ecosystem and harvested
carbon using the standard estimates for foreststjqmen Smith et al. (2006). By comparing the
differences of carbon sequestration under the siceohthe initial and the projected forest type

distribution, we examine how forest type changedrdaute to carbon emissions in forest sector.
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As in Sohngen and Brown (2006), we assume thatioatage for all forest types are 40
years. The harvesting is assumed to occur at fiatgs through the projection period, which is
100 percent for pine plantation and 25 percenhédural pine stands above 40 years old, and 11
percent of the hardwood stands above 40 yearscim @acade. The initial age class distribution
for each forest type is from USDA FIA (2003). Wegust the age of standing tree in each plot to
the age in 1997, and adjust the unit growing-stamkme to 1997 volume based on the growth
rate between the remeasurement years under eacimtegel. With the state mean growing
stock volume of each forest type by age, we motlify standard estimate table including the
mean volume and mean carbon density in carbon pooBoutheast and South Central as
defined in Smith et al. (2006). Then we calculéte tarbon stocks for different forest types on
forest land with the modified defaults and the pctgd forest area of each forest type under
different ages. The aggregate carbon stock foreaip forest type in each decade is the sum of
carbon stocks of that certain type under all ade@s. example, total carbon stock for pine
plantation in 2007 is the sum of the stocks of gtamtation from age 1 until the oldest.
Following Smith et al. (2006), carbon stocks ireirproducts include four dispositions. Carbon
in use, carbon in landfills, carbon emitted withergy recapture, and carbon emitted without
energy recapture. We convert growing-stock volumedrbon mass in these four categories
based on the factors of calculating carbon in gngwatock volume under different region and
different forest type group provided by Table 4Smith et al. (2006), and then convert carbon
mass in growing-stock volume to carbon in industeandwood according to factors provided
by Table 5 in Smith et al. (2006). With the caltethcarbon stocks in industrial roundwood
(including softwood saw log carbon, softwood pulpdocarbon, hardwood saw log carbon,

hardwood pulpwood carbon), and the average dispospatterns of carbon as fractions in
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industrial roundwood in Table 6 in Smith et al. @8), the carbon in forest products in use at a
specific year can be computed (see example 4 ithSghial. (2006)). The cumulative carbon in
each disposition in the calculated year is the efithe carbon stocks in forests of all ages at the
year.
Table 17 presents the cumulative carbon stockhfeffive cited forest types under the scenarios
that the transitions among forest types exist dr Ranels A, B, and C present the projected
forest areas for each forest type, the cumulatarban stocks in forests only, and total carbon
stocks in forests, forest products, and landfiéspectively. We adjust forestland areas for the
one without transition based on land use projestion the first stage to make the total
forestlands in each decade equal to the areastnaitkition. From Table 17, the carbon stock in
forests only for scenario that no forests typesdition exists but only within self-regeneration
and self-harvest increases by 8.39 percent, fro@ G (1Gg =18g) to 12.2 Gg, while the
carbon stock is projected to decline by 0.6 Gg(Q48rcent) over the 50-year period when forest
type conversions are allowed. The associated 1.5oGgeduction of carbon stock in forests is
mainly caused by the loss of carbon stocks fromarahpine and other hardwood species, and
the conversion of these stocks to pine plantatidhile this reduction can be made up by
increases in total carbon stocks of forests anesfgeroducts. The conversion among forest types
brings in a 0.5 Gg increases of total carbon stockiding standing forests, forest products, and
landfills.

We also project carbon emissions from energy recafb estimate carbon fluxes in the
forest within forest products. These emissions vatluce carbon stocks by releasing carbon to
the atmosphere. On the other side, these emission&d offset emissions from using other

sources of fuel to produce the same energy, andsae to measure how much fuel is needed to
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Table 17. Forest area inventories and carbon s{@iki®n tonnes carbon by the year given; 1 tonhé4g=1C g; 1 Gg=16Mg)

Forest cover typewithout transition

Forest cover typewith transition

1997
Panel A: Forestland area (Million hectar es)
Pine plantation 10.2
Natural pine 10.8
Mixed-pine har dwood 10.1
Bottomland har dwood 10.4
Upland hardwood 24.0
Total forest 65.6

10.0
10.6

9.9
10.2
23.5
64.2

10.0
10.6

9.9
10.2
23.5
64.3

Panel B: Carbon stocksin forest only (Gg carbon)

Pine plantation 1.6
Natural pine 1.9
Mixed-pine hardwood 1.7
Bottomland hardwood 2.1
Upland hardwood 4.0
Total forest 11.3

1.8
1.9
1.8
2.2
4.1
11.8

1.8
1.9
1.8
2.2
4.2
12.0

2007 2017 2027

10.0
10.6

9.9
10.2
23.4
64.0

1.6
1.9
1.9
2.2
4.3
11.8

2037

9.9
10.5
9.8
10.1
23.2
63.5

1.6
1.9
1.9
2.2
4.3
11.9

Panel C: Carbon stock in forests, forest productsand landfills (Gg car bon)

Pine plantation 1.6
Natural pine 1.9
Mixed-pine hardwood 1.7
Bottomland hardwood 2.1
Upland hardwood 4.0
Total forest 11.3

Energy emission --

Total carbon stock 11.3

2.0
2.8
2.0
2.4
4.8
14.0
1.4

12.7

2.2
2.6
2.0
2.4
4.8
14.1
1.8

12.3

3.1
2.5
2.1
24
4.9
15.0
3.5

115

3.2
2.6
2.2
2.4
5.0
15.3
3.9

11.5

Change
2047 (1997-
2047)
9.8 -4.22%
104 -4.22%
9.7 -4.22%
10.0 -4.22%
23.0 -4.22%
62.8 -4.22%
1.8 14.68%
1.9 1.39%
1.9 11.64%
2.2 5.83%
4.4 9.12%
12.2 8.39%
3.1 93.09%
24  31.62%
2.2 28.12%
2.4 13.05%
50 25.71%
151 34.14%
2.3 64.29%
12.8

Change

2037 2047 (1997-

16.2 16.1
8.0 7.6
3 8.78
8.5 8.6
225 227
635 62.8

2.362.38 2.74
144 341 1.26
1.511.39 1.27

176 741 1.76
3.66 .683 3.67

2007 2017 2027
10.2 13.7 151591
10.8 10.2 9.185
10.1 9.1 9.1 8.8
10.4 9.2 89 .7 8
24.0 22.1 22.122.2
65.6 64.2 64.3%4.0
1.58 2.38 2.37
1.86 1.76 1.57
1.70 1.58 1.59
2.12 1.85 1.80
4.00 3.73 3.99
11.3 11.3 11.30.7

1.6 3.5 4.5 4.9
1.9 2.6 2.2 1.9
1.7 1.8 1.8 1.7
2.1 2.3 2.1 2.0
4.0 4.4 4.5 4.2
11.3 14.7 15.a4.8

- 1.87 2.79 2.94
11.3 12.8 12.2

105 10.7

4.76.1
1.91.7
1.61.5
2.021
4.34.3

145 156

33.13.04

11.911.4 12,6

2047)

57.77%
-30.30%
-22.74%
-17.63%
-5.20%
-4.21%

73.23%
-32.05%
-25.07%
-16.91%

-8.29%

-4.90%

283.12%
-9.27%
-12.51%
-2.51%
7.65%
38.65%
62.57%
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generate the same power. The last row in paneleSepts cumulative carbon emission from
using forest by-products in the energy stream chetecade. In general, energy emissions from
forest type transition are higher than that from-tr@ansition except two periods, 2017-2027, and
2027-2037. Total carbon stock from all cited fastandicates that there is not too much

difference between these two kinds of forest tyig&idutions for the environmental perspective.

6. Conclusions and Discussions

Land use, land use changes and forest type chdwagesenvironmental impacts. Policy
analysts try to find appropriate policy to maximiecial benefits and to balance landowners’
economic goals. In this study, we project futureeéd type distribution under land use and land
use change dynamics through a two-stage discretieectmodel, and explore the influence of
this change from the side of carbon sequestrafarbe forest sector.

Our results indicate that the increasing trendioé plantation adoption and decrease of
other forest types will continue in the coming haghtury. Private pine plantations will increase
by about 58 percent, from 10.2 million hectared @97 to 16.1 million hectares in 2047, and
natural pine, mixed hardwoods, bottomland hardwpeadd upland hardwoods will decrease by
30 percent, 23 percent, 18 percent, and 5 peroespectively, in the study period. Economic
returns and population growth are highly correlatedthe conversion. Assuming economic
returns growing at their historical growth ratesl gmopulation density changing as United States
Census Bureau projected, the transition among tfdggees results in 1.23 Gg Carbon (C)
decrease of carbon stocks in standing forests,0amdsg C increase of carbon stocks on both
forests and forest products in 2047 than that witlorest cover type change. Difference of total
amounts of carbon storage including sequestratiostanding forests, forest products, landfills,

and energy emission is 0.2 Gg Carbon (C). Thusetl®eno obvious evidence to say that the
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expansion of pine plantations and shrinkage of rotleeest types could produce severe
environmental problems caused by carbon emissiomderu these two proposed forest
management strategies.

Our result indicates the potential effects of catimg hardwoods or natural pine to
intensive pine plantations. However, there mightsbene factors mitigating this forest type
change. First, we assume that the growth ratesaiamic returns for each forest type follow
their historical records. This assumption may rattor a 40-year projection. In fact, economic
profit is the primary factor when private landowsienake their land or forest management
decisions, and there have already been some ppoblicies such as cost-sharing programs,
government subsidies, carbon credits and so omd¢ougage private landowners to make their
land management strategies consistent with clincange mitigation goals. Any particular
program could redistribute landowners’ returns, eufildence their future performance.

Second, there is more than one type of atmosphegenhouse gases. Only considering
carbon effects produced by forest type changesdteelsin a somewhat weak conclusion that the
expansion of pine plantations and shrinkage ofrdtirest cover types would not produce severe
environmental problems caused by carbon emissidben under an intensive forest
management strategy, the impacts of nitrous oX®) from fertilization should be considered.

Third, we set a fixed rotation age and fixed haesproportion when for harvest
decisions. Previous studies indicate that carbguesgration will increase as the rotation length
increases (Chen 2010). Changing rotation lengtlhtiigng a new dimension to this study.

Finally, the call for renewable energy makes theaidf converting woody biomass to
bio-energy more appealing. The increase of pinatateon could mitigate forest fragmentation,

augment timber supplies and meet the demand oéreogy production. This would potentially
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enhance the conversion of hardwoods to softwoods.hdve not adjusted the analysis if bio-
energy incentives are involved.

Further studies could focus on sensitivity and gyohnalysis, referring to the change of
growth rates of economic returns, the change ddtimt length, government subsidies for

hardwood preservation, and public policies on nating bio-energy production.
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Chapter 4. Impacts of Current Use Property Taxdyan

Land Use Change Decisions in North Georgia

1. Introduction

Property tax is the primary revenue source for llgmernment and for most public
school systems in the United States. It is an ddrem tax levied on an individual’'s real
properties. A property tax levied on lands and g¢hat are permanently built or attached to the
land, is essentially a real property tax, basedthan property’s fair market value. Due to
economic pressures from economic development apdlg@iion growth, fair market value of
rural lands often exceeds the capitalized inconoelpeing capability of rural land uses, making
individual landowners endure a higher tax burdew &fluencing their land management and
use decisions (Hickman 1982). It has been fountpghaperty taxes have important impacts on
the management of private forest and farm landbl&tid et al. 2000). Property tax deductions
have been ranked as the top preference for govertrspensored programs for nonindustrial
private forest landowners in the Midwest and assineond top in the Southeast (Hibbard et al.
2000, Megalos and Cubbage 2000). It is consideryduketindirectly or directly related to some
other public policies, and an effective way to sédoute income and wealth of landowners and
the society.

Georgia is the ninth most populous state (UniteateSt Census Bureau, 2000) and is
currently one of the fastest growing states in th8. From 2007 to 2008, 14 of Georgia's
counties ranked among the nation's 100 fastestiggpaounties, second only to Texas. In the

past few decades, Georgia has experienced sigmtifiaad use changes in rural and developed

70



uses. Figure 1 shows trends of land uses in rmchld@veloped purposes from 1945 to 2002-a

9.60 percent decrease in rural lands and a 564&&2pt increase in developed lands. From 1992
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Figure 9. Rural and development land uses in Gadrgiween 1945 and 2002.

to 1997, Georgia was second among states losimyacia, forests, and other types of rural open
space to urban development in the United StateB é@Bal. 2006). Changes in land use have
produced significant economic and environmentaa$ such as traffic congestion, increases in
property tax rates, lower air and water qualityd &ss of biodiversity.

To find out how property tax policy influences e landowners’ land use and land use
transition decisions, we pursue a series of disabbice (DC) analyses based on the first-order
Markov transition probabilities in five major lande categories using the panel data of USDA
Natural Resources Inventory (NRI) sample plotscdémjunction with classic land use theory,
Markov transition probabilities are specified asdtions of land-use net returns, property tax
levied on different land use types, and land guaiieasures. Additionally, we evaluate the
relative importance of CUV property tax policy cantl use and land use change decisions

through simulation scenarios based on DC modehas#is.
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The remainder of this chapter is divided into ®xt®ns. Section 2 reviews literature on
land use and land use studies from the standpdipublic policy. Section 3 describes our
theoretical and empirical model. Section 4 documeata sources. Section 5 presents estimation
results of parameters, probabilities and elastigiind the impacts of CUV property tax policy.

Section 6 provides concluding comments.

2. Literature Review of Studieson Land Use Public policies

The goals of public policy on land use and land clsenges are concerned with the
public’s interest in sustainably managing privadé@d resources through a complex mix of
information, education, regulation, technical a@ssise, and fiscal and tax incentive programs.
Land use public policies aim to narrow the diveigebetween privately and socially optimal
land allocations by modifying the economic inceesivfaced by private landowners. Programs
such as Conservation Reserve Program (CRP), theoBmental Quality Incentive Program
(EQIP), Wetland Reserve Program (WRP), tax incestivcost sharing, easements, and
certification programs are established in ordesltov down conversion of rural lands to more
intensive uses, encourage reforestation and sabtaiforest management, and mitigate negative
environmental externalities (Lubowski 2002, Yorkat 2005). They could affect land use
decisions in a variety of ways.

Government-funded federal programs and infrastrectievelopments provide policy
support for land use reservation and land use itrams The Conservation Reserve Program
(CRP) was created to reduce soil erosion throughrétirement of marginal agricultural lands
and conversion to permanent cover (Osborn et &5,1Plantinga et al. 2001, Schatzki 2003,
Carmen-Flores and Irwin 2004). The Wetland Resénagram (WRP) was designed to protect

existing wetlands or restore converted wetlandsl, @ost protection policies are designed to
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slow conversion from agricultural use (Parker andrier. 1995). Flood control projects were
established to enhance the economic viability oficafural production in selected areas
(Stavins and Jaffe 1990). The Environmental Quadlitentive Program (EQIP) could promote
agricultural production and environmental quality providing payments to eligible lands
subjected to National Resource Conservation SerfNgeCS) technical standard of up to 75
percent or 90 percent of the incurred costs andnnac foregone due to the use of certain
conservation practices and activities.

Government price supports could affect the extensnargins by altering the relative
return between commaodities that are supported lapsktthat are not, but it has been criticized
for encouraging more intensive farming practicethwhe externality of increasing chemical use
and pollution (Just and Antle 1990, Wu and Segefd€95, Plantinga 1996). Tax codes may fit
certain land uses depending on their treatmenssd@ated investments, and tax policies could
be held accountable for a significant fraction mfastments in center pivot systems (Just and
Antle 1990, Wu and Segerson 1995, Plantinga 1996)p insurance is used to promote crop
cultivation in relatively risky places by reducittee risk in crop production (Wu 1999, Goodwin
et al. 2004). Zoning policies of specific land wmeas could influence land price by setting
restricted or unrestricted use (Vaillancourt andhid 985, Hite et al. 2003).

The primary state mechanism which is used to eagsurural landowners to retain lands
in traditional uses is property tax relief in tharh of preferential assessments with use value
assessment methodology (Anderson 2003). In theetrBtates, 19 states use pure preferential
assessment programs; 26 states use preferentesassnt with deferred taxation, and 5 states

practice preferential assessment with restrictyre@ments and deferred tax (Morris 1998).
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By conducting a survey of the Current Use Valuatissessment (CUVA) program
implementation in Georgia, Pan (2005) finds that phogram is effectively implemented, but it
is not considered to be a significant factor impartovenanters’ land use decisions. Applying a
logistic analysis of attrition on historical propetax records, Snider (2002) examines the effects
of North Carolina’s use-value property tax on landers’ decisions to either subdivide or sell
their property, or whether to withdraw from the wsdue program while retaining ownership of
the property. Polyakov and Zhang (2008) find th&aheut current use valuation in Louisiana,
property taxes on forestry and agricultural landsiMd have doubled and tripled respectively,
leading to an additional 2.1% loss of agricultdaaids, an additional 1.3% gain in forestry, and
an additional 0.2% gain of developed lands overyt#aes 1992 to 1997. Meng and Zhang (2011)
explore a study on how the general property taxcpohfluence private landowner’s land use
management decisions in Georgia and they find ptppexes have significantly negative
impacts on private landowners’ land use changesttets, but these impacts are relatively small.
At the national-level, Morris (1998) examines tlileets of preferential taxation on the retention
of lands in farming using data from 3,000 countreg?7 states, and concludes that about 10%

more farmlands are retained in counties with udaeevtaxation than those without.

3. Methodology

In terms of microeconomic theory, landowners chogsecific land use for each parcel
among a set of alternative uses in order to maerthe present discounted value of the stream
of expected future net benefits. To describe thasam making pattern of such behavior, we
make some assumptions before describing the theairetodel.

Firstly, we assume that each parcel of land isavhdgeneous quality, and in a unique

use. Secondly, landowners are risk-neutral, so Wik\keep or convert all lands to a single use
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when facing land use decisions. Thirdly, land-uste@ms are linear in the quantity of land, and
the size of parcel will not affect the relative fitability of different land-use options. Finally,
though it is not realistic, due to the unknown ganhformation on each sample plot, spatial
externalities are assumed to not exist among mareeld the land-use decision for one parcel
does not depend on the choices made for otherlparce
Given the above assumptions and following LubowgKi02) and Polyakov and Zhang
(2008), for a parcel of lamd in usei at timet, a profit-maximizing landowner will choose use
at timet + 1 that yields the highest expected present discdurdkie of an infinite stream of net
returns minus conversion costs. It or R;, be the instantaneous net benefits from any acre of
land in us€ orj at timet, respectively, and;;.(a;;;) be the total cost of convertimgacres of
land from use€ to usej at timet, then land use conversion frano j happens if:
Rjr — Cjie(ajie) > Ry (16)
When faced with more than one potential fisthe landowner will choose the alternative
with the highest positive value &f; — Cj;;(ajir) — Ric -
We define a utility function of converting pareefrom land use toj as:
Une+yjli = Ruej — Ruti = Caejli = Ve i + Ene (17)
Equation (16) captures both observable and unoakknfactors that might affect the
landowners’ returns and conversion costs to diffetand usesV,,1;; iS a representative
utility that contains factors of observable atttémiof initial and final land uses,,; andx,;;,
and observable attributes of parcgls that are related to either returns or conversmsisc The
random expressiog),;; is used to capture unobservable or non-quantidtictors that could

affect land use conversion decisions, assumed tmdependently and identically distributed
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(IID), and follow the type | extreme value distrttmn. Land use change happens when

Un(e+1)j1:>0, and land initial use inwill convert toj instead of when

Unce+njli > Unceryi i {18
where Une+nyjii = Vner)j)i + Enei
Unce+kli = Vaer k)i T Entke G #k)

The probability of converting land ugéo land usé is:
Pace+yjii = Prob(Uncesnyjii > Ungernyn i)
= prob(Vnce+1)j)i + &ntj > Vo i + €ne) - (19)
Based on McFadden’s (1973) conditional logit (CLgdel, and following Polyakov and
Zhang (2008), the empirical model is specified as

exp (@jj+7¢j+B' Xntj~B' Xnti+V;Snt—ViSnt)

Z£=1 exp (Xix+Tek+B' Xnek—B' Xnti+Y i Snt—Y{Snt)

Puernyjli = (20)

whereq;; are the conversion-specific constants equalta € j, 7;; are fixed year effects equal
to O for 7r; and 7,;, B is a vector of coefficients of the attributes ewerizing alternative land
uses, angt; is a vector of coefficients of the plot-specifittributes for land usg (y;, = 0to
remove an indeterminacy in the model). Componehtemresentative utility specific to initial
land use B'X,,:; andy;S,:) cancel out due to appearance in both numeratordandminator.
So the final form of the empirical model is

exp (aij+th+ﬁ’Xntj+Y]"snt)
Z{c:l exp (aik+7—'tk +B,Xntk +Y;¢Snt)

Pu+nyjli = (21)

When the parameters of attributes of alternatine kases are assumed to be random and
vary among sample points, the CL model of equa{®®) can be specified to the random

parameters logit (RPL),
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exp(aij+T¢j+B' Xnej+¥jSnt)
£=1 exp(@ix+Tek+B' Xnek+¥iSnt)

Pn(t+1)j|i(ﬁn) = D (22)

The inclusion of the random parameter in the emglirmodel allows us to measure
implicitly some unobservable point-level effectsidahelps us lessen deviations from using
county-level socioeconomic factors rather than approximate point-level values due to data

information limitation (Lewis et al. 2011).

4. Data

According to the classic land use theory developgdavid Ricardo and Johann von
Thinen, land use patterns are determined by reldéimd rents to alternative land use, land
guality and location. Thus, land use decisions khde based on quantified assessments of
potential and development possibilities of the leegburces, taking into account the biophysical,

environmental, public policy, and socio-economictdas.

Land use data for Georgia were derived from Nati®&sources Inventory (NRI). It is a
longitudinal panel survey providing information dand use, land characteristics, and
conservation practices for about 800,000 sampés sif nonfederal US lands every five years
from 1982 to 1997. After 2001, data has been c@teevery year with a slightly less than 25

percent of these same sample sites (NRI 2001),hwhaxde our study period limit to 1982-1997.

The NRI dataset for Georgia contains 35,972 powith a total area of 37.4 million
acres. Land use in NRI is classified into twelvedats, which include three types of federal lands
and nine types of non-federal ontsn this study, six categories of non-federal laaps chosen

to represent five land use types: croplands, pastiorests, lands in Conservation Reserve

YFederal lands are small water areas, census waldederal land. The nine kinds of nonfederal laands
cultivated cropland, noncultivated cropland, pasand, rangeland, forestland, other rural landanrégnd built-up
land, rural transportation land, and conservateserve program (CRP) land.
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Program (CRP) and developed lands. Data were taikiéfre beginning and the end of each of the

five-year periods from 1987 to 1997, representidg3@4 sample sites, covering 31.1 million

acres. The reason we exclude points representimgr otiral lands and rural transportation is

because they account for only a small percentagbeofotal lands and land use transitions of

these types are not mainly driven by market fo{gedyakov and Zhang 2008). Lands in CRP

are considered to be an independent type due itardtegtively larger land use transitions from

Table 18. Changes in major non-federal land ustgdam 1982 and 1997 from National
Resources Inventory (NRI) in Georgia (Thousandsjcre

Initial Land Use  Period Final Land Use
Crop Pasture Forest CRP Urban Total
Crop 1982-87  5670.70 247.70 323.20 267.30 48.20 6557.10
1987-92  4994.40 298.00 273.60 260.90 62.50 5889.40
1992-97  4433.30 260.70 311.30 44.80 88.80 5138.90
Pasture 1982-87 106.70 2563.30 197.50 24.00 33.00 2924.50
1987-92 105.40 2604.00 124.60 26.70 53.10 2913.80
1992-97 181.10 2431.70 278.50 0.00 112.50 3003.80
CRP 1987-92 - - - 301.20 - 301.20
1992-97 1.10 5.30 56.60 536.70 0.40 600.10
Forest 1982-87 112.90 101.40 21471.00 9.90 183.20 21878.40
1987-92 63.50 110.90 21420.00 11.50 358.30 21964.20
1992-97 128.30 146.00 20865.00 11.90 623.20 21074.4
Urban 1982-87 0.20 1.50 3.00 0.00 2361.70 2366.40
1987-92 0.10 0.90 2.70 0.00 2624.60 2628.30
1992-97 0.90 1.00 5.40 0.00 3098.10 3105.40
Total 1982-87 5890.50 2913.90 21994.70 301.20 2626.10 2@30
1987-92 5163.40 3013.80 21820.90 600.30 3098.50 96396
1992-97 474470 284470 21516.80 593.40 3923.00 2286

other major land use compared to changes among latid:use categories. Table 18 shows the

flow of lands between the different major land-es¢egories considered in this study at five

year increments from 1982 to 1997. Lands in CRmft®82 to 1987 do not exist, because lands
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in this program can only be obtained from 1986, wl&P programs were first established and

contacts were signed by landowners.

A land quality dummy is created in the same waglescribed in chapter 2 for controlling
land heterogeneity and to capture potential comwersosts that cannot account for by the
explanatory variable. LCC dummy equals O for LC@®IIV, 1 otherwise. County-level net
returns for major land use alternatives are cadl@diased on Lubowski (2002). It is used as a
proxy for plot-level economic return due to limitedormation of confidentially designed NRI
sample sites. Additionally, population density ged as an explanatory variable to see how the

demographics influence land use change decisions.

Property tax data for different land uses are olethifrom the Georgia Department of
Revenue. Land records are classified into ordiagnculture use, preferential use, conservation
use, and lands in industrial, commercial, resiérand other kinds of non-rural uses for tax
purposes. All properties are assessed by theinfarket values and 40 percent of the values are
taken for tax purposes except for lands in pret@akmnd conversion use. The amount of
deducted taxes in these two programs are providethé “tax consolidate summary”. As
described by the state’s official documents, priyperxes collected for preferential use are based
on 30 percent of the fair market value, while tae tollected for conservation use is based on
current use value rather than fair market valued@dithis program, landowners can have their ad

valorem taxes lowered by 90 percent or more, whagihesents significant tax relief.

Property taxes can be calculated by using the texadues of each land category, the
nominal mileage rates and acreages informationjudgd qualified exemptions for each land
use type. Rural tax provided by the Georgia Depamtnof Revenue is the sum of crop, pasture

and forest taxes. There is not any explicit wagpbt the rural tax into crop, pasture and forest

79



due to limited data information from both the stated county property tax assessor’s office.
Thus we separate the taxes into three particupgestypased on the assessed land values of each
type. Firstly, we collected farmland value data éooplands and pasture from Department of
Agriculture, United States. Forest land values oaroe directly obtained from any available
source. We took 27 percent of the farmland valul®iEst land value according to Binkley et al.
(1998). Secondly, we calculated the proportioraofll values for each land use type by using per
acre value of each land type and the corresporatingages. Thirdly, we use this proportion to
separate the totally collected property tax fromo@& Department of revenue into three
specific kinds, and then calculate property tax g@e for each category based on the property

taxes value and the detailed acreage information.

Property taxes for crops, pastures and forestpief@rential use program are 75 percent
of the tax of lands in ordinary crops, pastures famdsts in terms of the relationship between
ordinary agriculture lands and lands under pret&aknse. Property taxes for conservation use
are more complicated. The percentage is calculadaseéd on the exempted tax values and total
collected land values. On average, the percentad@ percent, which means that property taxes
of rural lands under conservation program are tewie 16 percent of the average fair market
value. The preferential use program is heavilyiagd in the South of Georgia, while, the
conservation program is more populous in the NdBibth of the programs have a maximum
acreage limit of 2,000 acres for each owner, whigtans that the owner cannot enroll more than
a total of two thousand acres of land into the paog The applicant has to be a natural or
naturalized citizen. The preferential assessmeagrpm requires 80 percent of the owner’s
income to come from farming, and lands qualifiedcasservation use program must be used

primarily in the production of timber. According Mewman (2000) and Pan (2005), though the

80



two programs are prevailed along the state, theye#fiective ways on mitigating landowners’
property tax burden, not on influencing land useiglens. In this study, we only focus on the
CUVA program since it provides greater tax rellen preferential use (comparing 75 percent to
16 percent of the taxes in ordinary agriculture)uBecause the CUVA program is dominated in
the North, the study area is reduced to 73 countibgh includes 9,577 sample sites, covering

11.22 million acres of whole rural lands (Figurg.10

Figure 10. Study area of North Georgia
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Due to unknown spatial information of each samptg, pve could not tell which plot
was taxed as ordinary agricultural lands, and whighunder conservation use program.
Therefore, we randomly choose plots whose totabage is equal to the acres under the
conservation use program with a 1 percent deviafi@ke Carrol County as an example, in
1997, private forest land in the county is 386@&udand acres, and 19.5 thousand acres are under
CUVA program. Thus we randomly choose sample pfaisn all forest plots whose total
acreage is 21.45 and 17.55 thousand acres (199%65%0.01) to represent plots under the
CUVA program, and leave the extra plots under @dirforest use. We create random sample
sites based on county-level CUVA program infornmatiand randomly combine the chosen plots
from the 73 counties to represent all plots undévV& program. To make this simple, we only
examine ten combined random samples. Then we réperestimation results based on the
sample whose parameter of property tax approachésetmean of the parameters of property

tax from the ten samples most.

Historical records of property tax date back to@.9Bhe tax value for a specific year is
calculated as the mean of the previous five yeata. ®Property taxes for 1987 are extrapolated
using data for 1992 and 1997. The county propetyper acre is used as proxy for plot-level
property tax as well. All values in this study akeflated using the 1987 consumer price index

(CPI) as the base€., CPhog;=100).

Table 19 presents the summary statistics for tipdaeatory variables. NRI land use data
from 1987 to 1997 are pooled together. Missing @slior each variable are replaced by county-
average data. After merging county-level data wWiRI plot level data, 18,380 plots are

generated for use in this study.
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Table 19. Description statistics of explanatoryiatalies

Plot-level variables Number of Mean Std. Dev.  Minimum  Maximum
lots

Plot in Land Capability Class 1-4 ° 18380 0.37 0.48 0 1
NRI Sampling Weight 18380 1.21 0.73 0.1 10.2
County-level Variables (in US$ 1987) Number of Mean Std. Dev.  Minimum  Maximum

counties
Return from crop (with gorvenment 132 6.36 24.98 -86.32 70.02
payment) lands, $/acre
Return from pasture lands, $/acre 146 -9.21 4.00 8.12 -4.51
Return from forest lands, $/acre 146 10.94 3.30 04.5 21.85
Return from developed lands, $/acre 146 1720.43 9.810 612.86 4695.27
Property tax for Croplands, $/acre 146 3.75 10.83 36.46 34.64
Property tax for Pasture, $/acre 146 2.96 5.67 129. 25.48
Property tax for Forest, $/acre 146 1.01 7.56 4.0 13.86
Property tax for developed lands, $/acre 146 29.05 72.07 -425.79 227.18
Property tax for Croplands (CUV), $/acre 132 155 6.61 -14.59 18.86
Property tax for Pasture (CUV), $/acre 146 1.21 98.3 -11.67 13.29
Property tax for Forest (CUV), $/acre 146 0.50 4.35 -5.72 6.79
Population density 146 152.78 245.00 14.58 1620.76

5. Estimation Results

Our dependent variable is the choice of land useérniod t at each NRI point.
Explanatory variables are lagged in one period wisttues for period t-1. We model the
transition between five major land use categoroesp pasture, forestry, CRP, and developed)
simultaneously, and consider land use transitiomser;; with three initial land useis(crop,
pasture and forestry) and five final uges two periods, 1987-1992 and 1992-1997. CRP lands
are excluded from initial land use, because thebmirof parcels converted from CRP to other
land is relatively small, and land transition fra@RP could happen only during 1992-1997
period, when the first signups began to expire. dl@ped land use is considered to be
irreversible. DC models are estimated using Nlddit Scaled NRI expansion factors are created
as weights to avoid shrinking the standard ertars tthe sum of scaled NRI expansion factors

equals the total number of actual observations irsdte model (Greene 2002).
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5.1. Parameter Estimates

The conditional logit model (CL) is estimated b thnaximum likelihood method, and
the random parameter logit (RPL) model is estimatgdg maximum simulated log-likelihood.
The coefficients of returns and property taxes specified as random parameters in the RPL
model to account for the variation among parceisesicounty-level returns and property taxes
are used as proxies for parcel-level values. Threysaecified as log-normal distributions as
recommended by Hensher et al. (2005) and 1000 Haltaws instead of random draws are
performed to provide better estimates.

Table 20 reports the complete set of parametenatgs for the CL and RPL models. The
estimation results indicate a good model fit anel éistimated parameters are generally highly
significant with expected signs. Likelihood ratests in both models reject the hypothesis that
all of the coefficients are simultaneously equakévo at the 0.01 level, and rejection of null
hypothesis from likelihood ratio tests between @le and RPL models proved that the RPL
model is preferred over the CL mod@l.The coefficients and standard errors for fixed
parameters in the CL and RPL models are similat,the statistically significant standard error
of property tax derived from the RPL model indisateat the influence of property tax are
varied among parcels.

The conversion-specific constantg are statistically significant at the 0.01 levetiwihe
expected negative signs. Since lands remainindpeir tnitial rural usesa;; account for high
probabilities of the corresponding transitionstiesng «;; to zeros leads to negative estimates

of land transition terms. Estimates af; determine land use transition probabilities in fihet-

order Markov transition matrix. A high value @f; indicates a high transition probability from

*2 The value of likelihood ratio statistic (s-5346.64) — (—5338.30) = 8.34 with 95% critical value of? = 5.99.
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Table 20. Regression results of conditional logd sansom parameter logit models

CL

RPL

Transition Specific Constants (a;;)

Crop— Pasture
Crop— Forest
Crop— CRP
Crop— Developed
Pasture— Crop
Pasture— Forest
Pasture—~CRP
Pasture— Developed
Forest— Crop
Forest— Pasture
Forest— CRP
Forest— Developed
Fixed Time Effects (T;;)

Crop
Pasture

Forest
CRP

Attributes of Land Uses (B)

Return

Property Taxes
Attributes of Plots (y;)
Crop

Pasture

Forest

CRP

M cFadden R?
Log Likelihood

-1.3840* (0.1162)
-2.2587*%(0.1494)
-2.1427*+(0.2878)
-4.2845*+(0.2259)
-4.0106**(0.1650)
-2.6105*+(0.0937)
-35.0754 (120748)
-4.4800*+(0.1492)
-6.2321*%(0.2325)
-4.5505*+(0.1127)
-7.0491*+(0.5564)
-4.2672*+(0.1102)

1987-1992 0.9400* (0.1561)
1987-1992 0.8669**(0.1221)
1987-1992 0.7303**(0.0948)
1987-1992 0.4307 (0.3400)

Mean of Coefficient 0.0007**(0.0000)

Mean of In(coefficient)
Std.Dev. of In(coefficient)
Mean of Coefficient 0.0025*+(0.0005)
Mean of In(coefficient)

Std.Dev. of In(coefficient)

Population density -0.0001 (0.0003)
Land quality -0.7939*%(0.2432)
Population density -0.0003 (0.0002)
Land quality -0.2783* (0.1369)
Population density -0.0004*%(0.0001)
Land quality 0.2190* (0.0874)
Population density -0.0083* (0.0036)
Land quality -0.7380 (0.6998)

0.7625

-5346.64

-1.3841*+(0.1170)
-2.2589*%(0.1597)
-2.1477%(0.2823)
-4.2987*%(0.2288)
-4.0101*%(0.1613)
-2.6108*+(0.0903)
-35.0754 (530362)
-4.4790*+(0.1530)
-6.2336**+(0.2342)
-4.5519*%(0.1081)
-7.0531*%(0.8438)
-4.2637*%(0.1183)

1.0308**(0.1709)
0.9559*+(0.1283)

0.8143*%(0.1170)
0.5227  (0.4046)

0.0005
-7.7385*%(0.1519)
0.0323  (1.6243)

0.0024
-7.5530%*(0.7935)
1.9802** (0.5662)

-0.0001 (0.0003)
-0.7933*+(0.2614)
-0.0004*  (0.0002)
-0.2737* (0.1423)
-0.0005**+(0.0001)
0.2271*+(0.0907)
-0.0083* (0.0042)

-0.7345 (0.9790)
0.8195

-5338.30

** is significant at the 1% level, * is significaat the 5% level
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usei to j. Among the twelve transition terms, conversiomfréorestry to CRP has the lowest
value, implying such a conversion is less likelyheppen. Comparing three conversion-to-CRP
terms, conversion from croplands has the highdshates, which means CRP lands most likely
came from croplands. This is consistent with laodligy statistics in the NRI records. From
NRI, the weighted mean of land capability clas<C&P lands is 2.50, close to croplands with
2.244 (LCC for pasture is 3.229, and 4.276 for soxg. Estimates of conversions from
croplands or pasture lands to other types exceit &® generally greater than that from forests,
which provides evidence that land use transitionsflands in high qualities to low qualities
take place easier than transition from low quaétyds to high quality lands.

Fixed time effectg;; are used to capture the impacts of time on théaghitity of
choosing a land use type rather than developedhusgeriod. Using the transition period from
1992-1997 as the base year, parameters of tramditoon 1987-1992 for different land use
alternatives are highly significant at the 0.05elewith positive signs. With the assumption of
irreversible developed land uses, influences oktiom lands in different alternatives can be
positively traced, which means that the rate afigigzon to developed land use increases with
time.

Generally speaking, high quality lands may bedlaéind have fewer trees, and thus have
fewer barriers to development. We believe that editvg lands in low land quality to another
use costs more than the ones in high land qué#titgractions of land quality dummy (LCC) and
land use alternatives are created to capture csiovecosts of land use transitions. The sign of
LCC estimates indicates the direction of the effattthe relative probability of choosing the
associated use versus choosing developed landgpatechto lands of higher quality. The

significant negative estimates of land quality dwrnteracted with croplands and forests in the
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CL model indicate decreasing probabilities of labesng converted to these certain uses when
land quality is low, and the probabilities of chmgspasture and CRP are not influenced by land
quality. Though the magnitudes of the two modets @most the same, the influence of land
quality on pasture is no longer equal to zero eRPL model.

Population expansion usually precipitates landttesgsition. It increases developed land
use in order to provide more public facilities esidential development. Interaction between
population density and land use alternatives isetqal to yield low land transition probabilities
for rural use. The RPL model estimates show thaufation density does not play as important
a role as other factors. Compared to conversiodetzeloped use, an increase in population
density will negatively affect land uses in forgsand pasture by highly significant negative
signs, and will not affect land uses in crops olFCRompared to other existing land use studies
(Plantinga 1996, Plantinga et al. 2002, Nagubadi Amang 2005), the insignificant impacts of
population density can be explained by the ploelesbservations used in this work. It is
acceptable to use population density to measuralgiopn influence in a county-level study,
while for a plot or parcel level study, populatisize and proximity to populated place for each
plot cannot be fully reflected by the density opptation of that county. A better variable called
the population influence index has been used ttucagopulation characteristics for a specific
parcel,and has been proved to have highly significantugrices on land use change studies
(Breneman 1997, Polyakov and Zhang 2008, Polyakal Zzhang 2008). It will be used to
reanalyze the model when the data is available. late

Economic factors reflected by net returns and ptggaxes are significant and positively
impact land use transition probabilities in the @lodel, which means that higher economic

returns and lower property taxes could motivateddéamners to keep or convert lands to that
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particular use. This is consistent with the classid rent theory. The positive sign of property
taxes derived from the negative definition of mlittax values due to requirements of model
estimation of the RPL modéf The means of the coefficients of returns and piypxes in

RPL model are calculated using the estimated meants standard errors of log-normal

2
distributed returns and property taxes in termshef formulas; = exp (b; +S?"). Both of the

means of the coefficients of the two variables gmesater in the CL model than those estimated
from the RPL model.

The estimated means of natural logarithm of théfiooents as well as the standard errors
for random parameters are both highly significantha .01 level. Highly significant estimated
standard error of property taxes and returns inelscthat variation exists in the two coefficients.
Usually, return and property tax can be combinedomas explanatory variable, while, the
concrete function of economic return and tax burdannot be examined to provide further
policy implication in this case. To examine if thasvo variables can be combined, we create a
new variable by combining returns with propertyasxand estimate the restricted RPL model
with the same model specification but a new lamd. réhe value of the likelihood ratio statistic
is 132.46 with 99% critical value of? = 6.635 , which indicates that separating returns and

property taxes is more appropriate to specify tR& Rodel.

5.2. Probabilities and Elasticities
It is well-known that a parameter estimate of ai@hanodel could not provide any

straightforward behavioral interpretation asidenfrthe sign of the parameter, which indicates

13 A parameter estimate for an attribute with aneetgd negative mean estimate in a RPL model caalel the
problem of nonconvergence or to converge with aeptably large mean estimates when the attribugeditility
expression specified with a random parameter thimignormally distributed. It can be fixed by resiag the sign of
the attribute prior to model estimation. A positlegnormal parameter for the negative of the aitehis the same
as a negative lognormal parameter to the attrilitgelf (Hensher et.al.2005).
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whether the variable of interest has either pasitiv negative effects on the probabilities of
choosing choices. It is even more difficult to nptet in this study because the same vector of
coefficients is a component in all utility funct®nOne coefficient could influence twenty-five
elasticities (Polyakov and Zhang 2008). To quantifg impact of property tax on land use
change decisions, we evaluate land-use transitiobapilities and elasticities for land transition
specific constants;; and land retention constants; at the means of the data using the
estimated coefficients from the RPL model.

Table 21 presents the estimated land-use transpiiotabilities and elasticities of
associated transition probabilities with respeqirmperty tax per acre on lands initially in crops,
pasture and forestry at the mean of the data. Stdnefrors are provided in the parentheses,
estimated using the Delta Method. The predictedbgdities of land transitions from each
initial use calculated by parameters estimated ftloenRPL model are consistent with the land
transition specific constants in Table 20. Overdtle estimated probabilities are generally
significantly different from zero at the 10% lewal better. Lands remaining in their initial uses
during the study periods have the highest estimateldabilities with 1% significant level. Lands
initially in crop and pasture uses are more likelgonvert to forestry; however, transitions from
forestry to any other major rural uses are in qlit® probability, even zero, which again
indicates that land transition are more likely fogher quality parcels than for lower quality
parcels. Lands for CRP use can only be converteoh fcroplands. Only the probability of
transition from crop to CRP is not equal to zerbisTis consistent with the fact that land must
first be in cropland before qualifying for the CRRRIll none of them are statistically significant.

The diagonal elements of the elasticity sub-tabl&able 21 represent own elasticities,

indicating percentage change in probability of cantimg to a certain land use with 1 percent
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Table 21. Transtion probabilites and elasticitieprobabilities with respect to property tax

Elasticities of Transition Probabilities

Eregicgﬁqt_ with respect to property tax per acreon

Transition (Retention) rODabITItes Crop Pasture Forest CRP  Developed

Crop— Crop 0.690*** -0.0032 0.0018 0.0005 0.0002 0.0016
(0.27)

Crop— Pasture 0.157*** 0.0079 -0.0092 0.0005 0.0002 0.0016
(0.071)

Crop— Forest 0.059*** 0.0079 0.0018 -0.0075 0.0002 0.0016
(0.017)

Crop— CRP 0.035%*** 0.0079 0.0018 0.0005 -0.0077 0.0017
(0.014)

Crop— Developed 0.059**+* 0.0078 0.0018 0.0005 0.0002 -0.0462
(0.017)

Pasture— Crop 0.015 -0.0084 0.0075 0.0005 0.0019 0.0015
(0.10)

Pasture— Pasture 0.855%** 0.001 -0.0010 0.0005 0.0001 0.0015
(0.028)

Pasture— Forest 0.061**+* 0.001 0.0075 -0.0071 0.0001 0.0015
(0.013)

Pasture— CRP 0.000 0.0000 0.000 0.0010 -0.0090 0.0012
(0.014)

Pasture— Developed 0.070%** 0.0001 0.0075 0.0005 0.0007 -0.0353
(0.022)

Forest— Crop 0.002 -0.0087 0.0001 0.0074 0.0000 0.0017
(0.006)

Forest— Pasture 0.008 0.0004 -0.0087 0.0074 0.0000 0.0017
(0.008)

Forest— Forest 0.917*** 0.0001 0.0001 -0.0004 0.0000 0.0017
(0.081)

Forest— CRP 0.0003 0.0001 0.0001 0.0075 -0.0078 0.0016
(0.006)

Forest— Developed 0.073** 0.0002 0.0001 0.0073 0.0000 -0.0377
(0.027)

Note: The bold figures of diagonal elements are elasticities, and the off-diagonal elements aossielasticities.
*** gignificant at the 1% level, ** significant ahe 5% level, * significant at the 10% level

change of property tax on this land use, and tlialiafjonal elements are cross elasticities

showing percentage change in probability of conngrto a certain land use when property tax
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on different land use increases by 1 percent. Kamgle, a 1 percent increase in property tax on
forestry will decrease the probability of land us&version to forestry by 0.0075 percent,

0.0071 percent and 0.0004 percent from lands lilyitiesed for crops, pasture and forestry, as
respectively show by the sub-table diagonal elementier Forest.

The cross—elasticities have positive signs whilen celasticities are negative, which
indicates that tax increase in one use will inceetg probability of land transition to other uses.
For example, when property tax of forestry incredsg 1 percent, probability of transition from
crop to pasture will increase by 0.0005 percent,slaswn by the entry corresponding to
Crop—Pasture under Forest. The small values of elagiigiply inelastic land use transitions
such that a change in property tax for one kinthofl use has a minor impact on landowners’

decisions to convert to other land use types.

5.3. Implication of Current Use Valuation Assessni¥ngram

As is described in section 4, both of the two propéax programs in Georgia aim to
mitigate landowners’ tax burdens and motivate thenkeep lands in rural uses. Under the
enrolliment requirements, the dominant CUVA progiamlorth Georgia from 1992 to 1997 has
allowed nearly 22 percent eligible rural lands ithes program. According to the property tax
collection procedures described in section 4, is $lection we did a simulation to find out how
the CUVA influences aggregate land use behavioraur final chosen dataset, for plots under
CUVA program, we use the property taxes of ordinengps, pasture and forest to replace the
taxes of these three types of lands under CUVAqitigr all rural lands to be in regular uses.
Then we do a simulation based on this scenarigyubim regression result of the RPL model. We

find that without the CUVA program, there will be& @&xtra 8,000 acres croplands, an extra
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10,000 acres pasture lands, and an extra 10,0@8 &mrests decrease in the North, which is
about 0.25% of the total rural lands in North Géarg

Enroliment of the CUVA program in the South is quiew, and the degree of tax
mitigation compared to preferential use prograrthis region is relatively small, we believe that
the influence of CUVA program on land use transitio South Georgia is not as significant as

that in North Georgia.

6. Conclusions

This study presents an econometric analysis oetfeets of property taxes on land use
transitions among five major land uses in Georgieng) the period 1987-1997. By using the
NRI plot-level land use and land quality informatiocand aggregate county-level economic
returns and property tax data, a panel random peemlogit model is pursued to relax the IIA
assumption of multiple choices models, and accolamt temporal correlation between
observations of the same sample points, as wdletsogeneity of marginal utility of property
taxes among landowners.

The results of the model estimation confirms thessic land rent theory that land use
patterns are determined by the rents of alternatses and land quality. High economic return
from a particular land use could increase the fibaof land remaining or converting to this
use, and decrease the probability of transitingther uses. Land quality is an important factor to
influence land use decisions, and transitions withigh quality parcels is more likely than
transitions within low quality parcels. Propertyea have significant influences on land use
transitions and random among land parcels. Thetegrdhe property tax associated with a

particular land use, the lower probability of landsmaining in its original use. Land use
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transition with respect to property taxes is foundbe inelastic, which is consistent with
Polyakov and Zhang (2008).

Based on the estimated parameters and the esse@t#V@ program, simulation with
no existing CUVA program results in an extra 8,@@0es, 10,000 acres and 10,000 acres more
decrease on croplands, pasture, forests, resplgdtiilie Northern Georgia. Influence of CUVA
program in the southern Georgia is not as sigmfies that of the northern part because of the
fewer enrollments of the program in the south. Thus believe that the total influence of this
program is not very effective in the state. Newr(2000) revealed a similar conclusion that the
CUVA program is an effective way to lessen landowhé&ax burden, but does not influence

their final land use transition decisions.
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Chapter 5. Conclusions

This dissertation presents a series of economatiatyses that explain the causes and
consequences in land use, land use changes, asl fgpe changes in the southern U.S. These
studies combine plot-level land use and land quatiformation from National Resources
Inventory (NRI), NRCS with county-level socio-econic and demographic factors, and
estimate the parameters of a set of first-orderkibhatransition probabilities using panel random
parameters logit models. With different model speaiions, these studies take the advantage of
recent development in RPL models, and make a @anion in the following aspects.

First, in chapter 2, land use and land qualitpinfation from NRI are fully captured
by using the entire sample plots rather than aawrnhy selected sample, which could mitigate
bias, and provide more accurate estimation and latioo results. Using the county-level
average economic return as a proxy for plot-leweinemic return ignores the heterogeneity of
land quality for each plot, thus applying the RPadal to allow heterogeneity of marginal utility
of economic factors among landowners and compléstgution patterns among land use
alternatives is necessary. The panel RPL modekhede the effects of both time-variant and
time-invariant forces, which could not fulfill ifé early time.

Second, Chapter 3 projects the future forest tjpeibution in the South based on a
two-stage discrete choice model where land usegehdynamics are concerned in the first stage.

It provides policy makers about how to balance gbeial benefit from environments and the
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individual benefits from intensive forest managemetrategy. Overall, forest carbons are
unaffected by change in forest types in the nextet0s in the southern US.

Third, Chapter 4 quantifies the impacts of propéaik and the Current Use Valuation
Assessment (CUVA) program on land use change de&ssin North Georgia. Due to
information limitation, previous studies on thidgct concentrate on using descriptive methods
rather than an econometric analysis, which is dwre. Further in this study, we separate tax for
rural lands to crops, pasture and forests in tefithair land values. Based on communication
with both Georgia Department of Revenue and copnbyerty tax assessors, taxes created by
this method is much closer to the county facts,ctiprovides a way to fill the gap of losing
historical property tax records.

Based on our model estimation, elasticity analgsid simulation results, the main
conclusions of this dissertation are:

Land use transitions are highly related to landtseland quality and human
disturbances such as population density. The ei@ss of land use transition probabilities with
respect to the mean of the net economic returngtenthean of population density are inelastic,
and population growth contributed more to the deseeof rural lands, and sped up urbanization.

Urbanization associated with land value appremmis the most important factor in
decreasing the percentage of rural land uses camgptire impacts of economic returns on as
well as population density on aggregate behaviblanol use changes. This might put rural lands
in the South into too much pressure in the futgrece the U.S. South is projected to be the
fastest growing region in the United States.

During 1997-2047, forest land is projected to dase by 4.21 percent, accompanied

with a 57.77 percent increase of pine plantati@amg] 30.30 percentage, 22.74 percent, 17.63
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percent and 5.20 percent decline in natural pingednpine hardwood, bottomland hardwood,

and upland hardwood respectively. This kind of $o@ver type conversion could produce 1.3
Gg more carbon in total, including the decreas@.6fGg carbon in forests only, and an increase
of 4.3 Gg carbon in forests and forest products.

Thus, whether forest type transitions exist or, tigd total carbon storage in southern
forests is similar. There is only 0.2 Gg more carlsbocks for self-type regenerated forest
management strategy in 2047. The optimal profil gbarivate landowners by converting long-
rotation hardwoods and natural pine to intensivee gblantation does not hurt social welfare
from the point of carbon storage, while there migatsome potential problem caused by other
greenhouse gases, such a®Nnd CH.

Property taxes have important impacts on the mamagt of private forest and farm
lands. Higher property taxes on a land decreasprtit@bilities of lands transited to this certain
use. The transition probability with respect to aere property tax is inelastic. Its impact is more
complicated and cannot be treated as only a coshwlraking land management and conversion
decisions. A Current Use Valuation Assessment (CYUYPogram is effective in mitigating
private landowners’ higher tax burdens, and maydsl to help curb rapid loss of rural lands in
Georgia and perhaps elsewhere. But its impacgrmg of acreage saved, could be rather small.
Overall, only an extra 8,000 acres of croplandsQQ® acres of pasture and 10,000 acres forests
can be saved in North Georgia in 1997, which iy n25% of the total area of the rural lands.

In terms of the conclusions and potential problemesmentioned in the dissertation,
future works will focus on refinement of the modmhd sensitivity analysis. Because our
analyses are based on the RPL model and simulasuits, while there is a potential simulation

bias in the RPL model, we have to find a way tdgaie this bias.
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