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Introduction

Farmland preservation programs can help maintain aland base for the agricultural economy,
provide the amenities of open space and rura character, dow suburban sprawl, provide critica wildlife
habitat, and reduce pollution in areas where suburban development is occurring (Bromley and Hodge;
Fischd; Gardner; McConndl; Wolfram). States and counties use avariety of policy mechanismsto
dow farmland conversion, including exclusive agricultural and low-dengity zoning, differential property
tax assessment programs, purchase of development rights (PDR) or purchase of agricultura
conservation easements (PACE) programs, and transfer of development rights (TDR) programs (Lynch
and Horowitz; Parks and Quimio; Duncan; Mulkey and Clouser; Rose). While zoning and differentia
taxation programs often gpply to dl agricultura landownersin aregion, PDR/PACE and TDR programs
are voluntary incentive-based programs. In PDR/PACE programs, a governmental entity purchases the
development rights. In TDR programs, landowners are assigned marketable permits based on their right
to build on the agricultura land. They can sdll these permits to a second party such asadeveloper ina
private transaction, who then uses them to increase permitted dengity in a planned growth or recelving
area. The sale of development rights results in a conservation easement being placed on the land, which
redtricts the current and al future owners from converting the farm to resdential, commercid, or
indugirid uses. These easement redtrictions have been upheld in court (Danskin).

Almost 50 governmentad entities have implemented TDR and PDR/PACE programs to
permanently preserve farmland (American Farmland Trust). Public support for preserving land is highly
evidenced by the voter approva of 72 percent of the 240 balot measures in 1998 with $7.5 billion in
funding designed to preserve parks, open space, farmland, and other amenities (Myers). Land Trust

Alliance data show that 82 percent of 205 smilar balot initiatives passed in 2000, providing more than



$7.3 billion for land conservation.

As PDR/PACE and TDR programs are voluntary, operating them effectively depends on
understanding what motivates afarmland owner to participate. We address this question by analyzing
the factors influencing participation in farmland preservation programsin four Maryland counties. Data
on the characterigtics of property owners are combined with spatid data of their land to model
participation in Maryland PDR and TDR programs. We modd the decision to participate in these
programs in a discrete choice framework. As more governments debate the relative merits of beginning
or extending these programs, understanding the owner’s mativations is crucid to ensuring efficient
programs and an adequate level of participation.

A 2000 Cdifornia study found that the mativations of 46 landowners for joining easement
programs included cash payments and a persond desire to preserve agricultura land (Rillaand
Sokolow). Earlier Maryland studies found that landowners farther from strong regiona development
pressure were more likely to join the state program (Pitt, Lesdey, and Phipps; Fitt, Phipps, Lesdey).
Program participants gained the increased vaue from development but stayed on the farm. Enrollment in
Cdifornia s voluntary differentia assessment program was higher for farmers than for absentee
landowners, and higher for farms located farther from development activity. Expectations regarding the
timing of development were amain factor influencing enrollment (Hansen and Schwartz; Schwartz,
Hansen, and Foin).

Farmland Preservation Programsin Maryland

Four Maryland counties -- Montgomery, Howard, Carroll, and Cavert -- are among the top 13

programsin the U.S. when preserved acreage is used as the criteria (Bowers). Montgomery and

Cavert counties have both TDR and PDR programs, Howard County has a PDR program, and Carroll



County relies primarily on the State PDR program, Maryland Agricultural Land Preservation Foundation
(MALPF). Number of acres preserved by state and county programs are reported in Table 1.
Montgomery County had 49,010 preserved acres of farmland, Howard had 18,088 acres, Calvert had
14,804 acres, and Carroll had 31,284 acres. Preserved acreage was 59 percent, 45 percent, 33
percent, and 18 percent of 1997 farmland in the county, respectively (U.S. Department of Agriculture,
1997; Bowers).

The gtate haslogt dmogt haf of itsfarmland in the last 50 years, dropping from 4 million to 2.2
million acres. The Maryland Office of Planning predictsthat if current trends continue, 500,000 more
acres of farms, forests, and other open space will be developed over the next 25 years (Bay Journal,
1997). Thisland conversion trend motivated the development of PDR and TDR programs to
permanently preserve agricultura land. Theindividua programs are described below.

Maryland Agricultural Land Preservation Program

In 1977, the State established a PDR program, the Maryland Agricultural Land Preservation
Foundation (MALPF). MALPF sats the value of the easements as the lower of 1) a caculated easement
vaue equd to an gppraisa vaue minusthe agricultura value, and 2) abid made by the landowner. If
insufficient funds exist to purchase dl offers to sall easements landowners have made in a particular yesr,
the farms are ranked by the rétio of the bid to the calculated easement value. Those farms with the
highest value per dollar bid are accepted first. The state program had purchased easements on more
than 152,288 acres statewide by 1998 (Maryland Department of Agriculture). MALPF clamsto have
purchased an additiond 4,641 acres due to the competitive bidding component than would have been
possibleif it had paid the caculated easement (Maryland Department of Agriculture). MALPF has set

minimum digibility criteriaincluding that farms must have & least 100 contiguous acres or be contiguous



to another preserved farm, and must have at least 50 percent of its soil classified as USDA Class|, I,
or 111 soilsor Woodland group | or 1l. Landownersin all four counties can participate in MALPF.
Carroll County farms are preserved through the MALPF program.

County Programs

Cavert County began a TDR program in 1978. Under this program, farmland owners can s
their right to convert their land to another use to a developer, who then uses the rightsin a“recaiving”
areato increase building density where growth is planned. The price is determined through negotiations
between the landowner and the developer. Since landowners sdll the TDRs directly to the development
firms, the developers demand for increased dengity and landowners' reservetion prices determine the
number and price of TDRs sold. The developers demand isimpacted by the ared s development
pressure and the availability of receiving areas. Eligihility criteriainclude aminimum of 50 acresand 50
percent prime soil. Calvert has dso ingtituted a PDR program to purchase devel opment rights at the
average TDR price. Thus, if developers demand islow, landowners may sdll alimited number of TDRs
to the county until county program funds are exhausted.

In 1981, Montgomery County established a TDR program in its 90,000 acre agricultural
reserve. Simultaneoudly, the county changed the zoning from one house on five acres to one house on
25 acres. To compensate for the down-zoning, landowners were given approximately one TDR for
every five acres of land. They can use a TDR to congtruct one house for every 25 acres of their land
(the current zoning) and then sl the additional TDRs to developers who can use them to increase
dengity in designated growth areas. Again, the developers demand and the landowners' reservation
prices determine the number and price of TDRssold. Landownersin the agriculturd reserve are digible

to sdl TDRs. More recently, in 1990, Montgomery County began a PDR program under which the



priceis set by apoint system based on the land characteristics or an gppraisa process. PDR farms must
have at least 50 percent Class |, 11, or 111 soilsto be digible.

Started in 1978, Howard County’s PDR program initialy used two gppraisas to determine the
easement price. However, in 1989 the program switched to using a point system based on farm
characterigics to determine the easement value. Smultaneoudy, it shifted to an ingtalment payment
mechanism. Eligibility standards emphasize the number of acres (100 acres or contiguity to another
preserved farm) and quality of soil (on two-thirds of the farm, at least 50 percent of the soil must be
classfied asClass|, I, or I11).

M odeling the Participation Decision

Land ownership may be thought of as abundle of rights, one of which isto develop the land up
to the dlowable zoning densty. One can sl this particular right without reinquishing ownership of the
land. The sale of development rightsis Smilar to the liquidation of a capitd asset. In areas with land
preservation programs, an agricultural land owner can extract the value of these development rightsto
the property, receive an annudized net easement payment, E;, and continue to farm the land forever.
Alternatively, the landowner can choose to exit farming and sl the farmland at some optimal date, d, ,
for an annudized net payment of D.,.

Different individuas may receive different levels of utility from owning afarm, from the net
returns for agriculture, from the net easement payment, and from the net returns to converting the
farmland to anon-agricultura usein the optima period. The utility of farmland owner i, V, , can be
modeled as a function of the non-consumptive vaue of owning the farm, Z,(X;,t), given the vector of the
landowner’ s and the farm’ s characterigtics X;, the net annud agriculturd returns per acre, Ai(X;, t), the

net annudized value per acre of converting the land from agriculture to another use a the optima date



d,, D;i(X;), the net annudized vaue per acre from selling the development rights linked to the farm,

Ei(Xi), and the annud off-farm income, W/(X; t). Thusthe utility for landowner i will be maximized by
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where d =1 if the landowner participatesin the farmland preservation program. Otherwise, d =0, and
the landowner retains the right to sell the land at the optimd dete in the future, d, . The discount rateisr,
?isindividud i’ stime preference, and t istime. If the landowner’ s behavior is consstent with awell-

defined utility function, he or she will participate in the preservation program ( d=1) when
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Data

Inthefal of 1999, atelephone survey was conducted of Maryland farmland ownersin Carrall,
Cavert, Montgomery, and Howard counties by the Maryland Agricultural Statistics Service (MASS).
Information on farmer and family characterigtics was collected. The names and addresses of farmers
with land in the preservation programs (participants) were obtained from the respective county and state
program offices. All participating farmers (N=902) in the four counties were included in the sample. A
dratified random sample of nonparticipant farmers was selected from the Maryland Office of Planning's

tax assessment database. Nonparticipating landowners with agriculturaly assessed land that exceeded



the minimum zoning requirement (Calvert: 5 acres per house; Howard: 3 acres per house; Carroll: 6
acres per house; Montgomery: 25 acres per house) were included in the population. The dtratification
was based on the number of participants and nonparticipants in each county and atota of 1,601 non-
participant parcelswas drawn. Letters (2,503) were sent to inform the landowners of the survey. Ten
percent of these letters were returned as undeliverable.

Attempts were made to find telephone numbers for dl included participants and non-
participants. Telephone numbers could not be found for 424 nonparticipants. Another 324
nonparticipants were deemed inaccessible by MASS ether because they had moved, were deceased,
or could not be reached after more than 6 attempts. It was aso difficult to find phone numbersfor the
participants. Most of the programs have existed for 20 years and hdf the participating farmers had
joined during the 1980s. Of the total 902 participants, 201 were deemed inaccessible (e.g., had sold the
farm, were deceased). No telephone number could be located for another 181 participants. Thus, in
total 1,373 people were contacted by phone of which 385 declined to be surveyed and 115 were
deemed indligible (e.g. did not own agricultura land) Respondents who werein 5-year agricultura
districts and had not sold a perpetua easement were excluded from the analysis. Therefore, 838 usable
surveys remained.

In addition to the survey data collected, ARC/INFO, a geographic information system, was used
to extract parcel characteristics (percent of the farm that had prime soils; the percent of land in crops,
forest, and pasture; number of acres; and distances in meters to the nearest town, nearest metropolitan
area, and nearest preserved farm, and for Calvert County, to the shore of the Chesapeake Bay or mgjor
tributary). These parcdl-level data were aggregated to the farm level by weighting each parcd’s

characteristics by the number of acresin that parcel. The survey and spatial data are consistent with



those used in previous analyses of farmland vaues that included proxies for agricultura and development
vaues (Bockstad; Chicoine; Clonts, Dunford, Marti, and Mittlehammer; Elad, Clifton, and Epperson;
Hushak and Sadr; Irwin and Bockstadl; Nickerson and Lynch; PAmquist and Danielson; Shi, Phipps
and Colyer; Vitdiano and Hill).

Agricultural landowners make their participation decison based on the utility derived from land
ownership, the net returns to farming, the net returns to converting the land, and the net value of the
development rights paid by the preservation program. Higher agriculturd returns should increase the
likelihood of participating in a preservation program because the owner of a profitable farm would
expect afuturein farming. In the empirical mode, net agriculturd returns are proxied by how the land
was being used, soil type, and Sze of the farm. A series of binary variables was congtructed to indicate
the commodity that had the highest gross sdes returns for the farm: Grains (cash grains and oilseeds),
High-value (vegetables, fruit, and horticultura crops), Dairy, Rental Income, and Forest. Livestock,
anima specidity products, aquaculture, cotton, and tobacco were the excluded categories. Grain, high-
vaue, and dairy farmersin Maryland are hypothesized to have higher agricultura returns and thus are
more likely to participate. Non-farming owners (rental income) and forest landowners were expected to
be lesslikdy to enroll.

Gl S-computed variables for the percent of prime soils, the percent of land in crops, and the
percent of land in pasture on the farm were dso included as proxies for agriculturd returns. Maryland
soils are categorized around Six characteristics: agricultura productivity, erosion susceptibility,
permesbility, depth to bedrock, depth to watertable, and stability as well astheir dope. Prime soils
were computed based on the characteristics of high agricultural productivity, good drainage, and even

dope. A higher percentage of prime soil would indicate higher productivity, thus higher net returns.



Percent of prime soilsis expected to be positively related to the likelihood of participating. Percent of
cropland is dso hypothesized to increase the likelihood of participating. Percent of pasture land is
expected to decrease the probability of participating given it usudly has alow agriculturd vaue. The
percent of woodlands was not included.

Parcel Szeis expected to pogtively affect net agricultura returns and program digibility. Land
preservation programs often have a minimum acreage requirement because large farms are perceived to
assig in presarving the agricultura economy. Acreege isincluded non-linearly as number of total acres
divided by 100 and this number squared. Eligibility to enroll may aso depend on proximity to other
preserved parcels. Preservation programs prefer farms next to other preserved farms to ensure the
existence of large contiguous blocks of farmland. Two variables for proximity are included: a binary
vaiableif the farm is within one mile of another preserved farm, and a continuous variable measuring the
distance in meters divided by 10,000 to the nearest preserved farm within one mile. In addition to the
program’s preference, having a preserved parcel nearby may decrease the transaction costs of learning
about the available programs. Taking over the fence about the benefits and procedures of preservation
may motivate additiona neighborsto participate. Therefore, proximity to preserved farmland is
expected to increase alandowner’ s likelihood of joining the preservation programs.

Transaction costs of participation are proxied by how one heard about the program. We include
binary variables equa to oneif the survey respondent had heard about the program through a neighbor,
through the newspaper, or through an Extension agent as opposed to other sources. Hearing about the
program from a neighbor or friend is hypothesized to positively impact the likelihood of participating.
Similarly, learning about the programs and digibility requirements may take less time through a

newspaper or an Extension agent than through the excluded categories of word-of-mouth, workshop on



preservation programs, a banker, a preservation program administrator, and Farm Bureau meeting.

Net returns to converting or selling the land for another use are proxied by distancesto the
nearest town and distance to the nearest metropolitan area, either Washington, D.C., or Batimore.
Farmland near loca towns may have a higher net return to development; therefore, farmers closer to the
nearest town are expected to be lesslikdly to join. Similarly, as distance to the nearest city decreases,
net returns from selling the farm are likely to increase. This relationship between distance and land vaue
could be nonlinear. For example, if the parcd iswithin 50 miles of Batimore, the city may influenceits
land vdue. Beyond 50 miles, the city’ sinfluence may be indgnificant. Therefore, a squared term of
distance to the nearest city and nearest town isincluded to alow for this possibility. Proximity to both
town and city is expected to decrease alandowner’ s willingness to participate in the preservation
program. Distances to town and city are measured in meters as the crow flies and then divided by
10,000 and 100,000 respectively. The distancesin miles are included in the descriptive statisticsin
Table 2 and Table 3 for interpretation purposes. Cavert County farms close to the waterfront may have
ahigher net return for developing the land. Therefore, the distance in meters to the Chesgpeske Bay or
mgor tributary for Cavert farms (divided by 10,000) isincluded in the andyss. Proximity to the weater
is expected to decrease alandowner’ s likelihood of participating.

Some varigbles will affect both the agriculturd and development vaue of the farmland. For
example, the percent of prime soils can make the land attractive for both agriculture and development.
Prime soils tend to be more permeable and have little or no dope which makes them rdatively atractive
for development aswell astottill. In addition to impacting development vaue, distance from the city
could increase the net agricultura returns by decreasing trangportation costs or providing marketing

opportunities. It could also decrease agricultura returns by increasing the level of nuisance complaints



from non-farming neighbors.

Binary county variablesfor Carroll, Howard, and Montgomery counties account for differences
in the average returns landowners expect to receive for sdling development rights, county-level services,
permitted zoning dengities, and preservation programs.

In addition to the farm characterigtics, individua characteristics may affect the utility an owner
receives from owning the farm and the price the individud iswilling to accept for the development rights.
Owners may aso have different rates of time preferences. Some owners may not want to wait until the
optimal date to develop, d, , if sdlling one's development rights would provide an income stream sooner.
In addition, owning a particular farm may have non-consumptive value for the owner. Rillaand
Sokolow found that non-consumptive motivations such as a desire to preserve the land in agriculture or
for the heirs was frequently mentioned as areason for sdling an easement. If the farm has been in the
family and a child plansto take over the farm, a bequest motivation may increase one' swillingnessto
join the program. We include the number of years the family has owned the farm and a binary varigble
for whether they have a child who plansto continue farming. Similarly, if one's parents had farmed,
farming may be part of one's heritage and an owner may be more likely to participate. Education and
experience on afarm may affect the rdative agricultura returns and dternative income opportunities.
Binary variables for whether the owner has a college or post-college degree, whether he or she usesa
computer in the farm business, and the number of years the individua has owned the farm are used to
proxy both agriculturd and aternative income opportunities. A binary variable isaso included to
indicate whether the family earns 25 percent or less of itsincome from thefarm. A smdler share of farm
income is expected to decrease alandowner’s probability of joining.

Table 2 reports the variables and basic descriptive statistics for the entire sample, and by



participants and non-participants. Table 3 givesthe atistics by county. On average, farms have 50
percent prime soils, with participants having dightly less prime soils than non-participants. Howard
County has the highest overdl percent of prime soils per farm (81 percent). Cropland accounts for 50
percent of farmland area: 57 percent for participants land and 44 percent for non-participants . Carroll
and Howard had a higher percentage of land in crops than Cavert. The average distance to Batimore
or Washington, D.C.,, is 26.65 miles, with little difference between participants and non-participants.
Cavert farms are farthest away, at 34 miles, and Howard farms are closest, a 17 miles. Participants
are much more likely to be within amile of a preserved farm (95 percent) than non-participants (63
percent). More Montgomery farms (87 percent) and Howard farms (81 percent) were within amile of a
preserved farm than Calvert (67 percent) and Carroll (66 percent) farms. Participants owned an
average of 126 acres, compared to 37 acres for nonparticipants. Average number of acres ranged from
85 (Montgomery) to 51 (Cavert).

Over aquarter of participants had children who planned to continue farming, compared to 12
percent for non-participants. More than half of the respondents in both categories had parents who had
farmed (59 percent). More than a quarter (28 percent) of the survey respondents heard about the
preservation programs through the newspaper -- 8 percent hearing from a neighbor and 6 percent from
an Extension agent. Three-quarters of the respondents made less than 25 percent of their income from
farming -- 86 percent for non-participants and 59 percent for participants. Carroll County farmland
owners accounted for 31 percent of the sample, Montgomery County for 30 percent, Howard County
for 18 percent, and Calvert County for 21 percent.

A totd of 838 observetions were available for usein the empirica modd. The geographic

information was complete for all 838 observations. However, only 537 respondents had complete



information for al the included survey variables. Some people would not give the percent of income
from farming, others did not specify which crop provided the highest gross revenue, others did not
provide family information such as whether a child planned to continue farming, whether parents had
farmed, education, number of years they had owned the farm, number of years the family had owned the
farm, and if they used a computer. In order to make use of al 838 observations, we created binary
variables equd to oneif the datawas missing (Dincome =1 if share of income was missing) and then
transformed the respective variables (share of income) to equal zero. We then included these binary
variablesin the regression to determine if this transformation was Sgnificant in the estimation. Three
binary variables were crested: for share of income, crops, and family variables.
Econometric I ssues and Results

Although an individud’s utility in the two states (participating (d = 1) and non-participating(d=0))
is not observed, there is some probability that V, (d=0) >V,( d=1). We can formulate the
participation decision P; such that P, =1if V; (d=1) >V, (d=0) and P, =0if V, (d=1) < V; (d=0).
Severa authors have used a smilar gpproach to explain participation in voluntary programs (Konyar and
Osborn; Calvin; Shoemaker; Chambers and Foster; McLean-Meyinsse, Hui, and Joseph). The
empirical form of themodd is V;;(d" 1) " x;3,%p,; andV,,(d" 0) " x;3 %Ly , where x; is avector of
observed characteristics, |;; are any unobserved characteristics for the d™ state, and 3 are the vectors
of parametersto be estimated. Thus the estimated equation isV, " X; (13, &13,)% (1 &1y,;) ™ X;@%e, where
a=[3, -1}, and e=p;-Hio- The vector, x;, incdudes characteridtics of the individua farm (e.g., soil qudity,
land use, distance to town and city), and of the individua owner (e.g., education, income from farming,
years farming, higtory of farm). The error term is assumed to have a norma distribution so that g ~

N(0,1). Thusthe Prob(P,;" 1)" Prob(e>&x;a)" 1&F (&x,a) where F isthe cumulaive distribution



functionfor e (Maddaa, 1983). Thelikeihood functionis L* ep -0 F(&x;a) ke 1 [1&F (&x;a)] .
Thelog-likdihood of this function is maximized with respect to the a.

The empirica eguations were estimated using a probit model where the discrete dependent
variable was participation in a preservation program (1 if yes, 0 if no) employing Limdep Verson 7
econometric software. The first model contained the county binary variables to compute differences
across counties. In running diagnostics on the regression estimation, evidence of heteroscedadticity was
found. Therefore, the likelihood equation was adjusted and a maximum likelihood approach is used for
the estimation of aweight matrix Smultaneoudy with the estimation of the coefficients (Greene). A
probit model with multiplicative heteroscedadticity is estimated assuminge - N(O,exp(?)wi)z) wherew;, is

the vector of variables that impact the heteroscedadticity and ? is the vector of weight parameters to be

&xi a
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egimated. Thusthe likdihood functionis L* <p o F[
i exp(?Pw)

exp(Pw)
Thismode differs from the basic probit modd only in the different structure of the variance term.
Because the log-likelihood function for this modd is not globaly concave, the default dgorithm is DPF
rather than Newton’s method (Greene, 1995). The binary variable for Montgomery County and the
variable for distance to town were significant causes of heteroscedagticity based on a Log-likelihood
ratio test between the uncorrected regression and the corrected regresson. Table 4 reportsthe
coefficient estimates for this mode.

Overdl, the generd regression with 838 observations performed well, the Chi-squared Satistic
for goodness of fit of the overadl modd was 583.52 and was sgnificant a the one percent level. The
model correctly predicted 267 out of 326 participants, and 454 out of 512 participants given a 0.50

threshold leved. Thelikdihood of participating increased sgnificantly if a preserved farm was within a



mile, asthe distance to the city increased, as the number of years the farm had been in the family
increased, if the children intended to continue farming, and if the owner had heard about the program
from aneighbor or an Extenson agent. The likelihood of participating decreased as the percent of prime
s0il increased, as the distance to the nearest preserved farm incressed, if one's parents had farmed, if the
preservation programs were heard about via newspapers, and if the share of income from the farm was
lessthan 25 percent. The likelihood of participating was not sgnificantly affected by the percent of
cropland or pasture, by the distance to nearest town, by the number of years the respondent had owned
the farm, by the respondent’ s education, by whether the respondent used a computer, by the commodity
grown, or by the county where the farm was located.

These results to alarge extent were as hypothesized. Lower development values, high non-
consumptive use value, and low transaction costs appear to dominate the decison making. However,
some of the results were contrary to our expectations. For example, we expected that the percent of
prime soils would increase agricultura returns -- it is possible that prime soils increase devel opment
returns more than agricultura returns, thus resulting in a negative effect on participation. Nor did percent
cropland or percent pasture gppear to impact the decison. The commodity grown as an agricultura
proxy did not fare wdl ether. The number of years of farm ownership, educationd leve, or use of
computer in the farm business did not have datisticaly sgnificant coefficients. The only variable used to
proxy agricultural returns that impacted the likelihood of participating was number of acresin the farm.
Thus it gppears that the variables included to proxy agricultura returns did not weight heavily or did not
perform wdl in explaining the landowner’ s decision to participate in the preservation program. On the
other hand, being within amile of another preserved parcd positively influenced participation. This result

may indicate that farmers near preserved parcels expect agriculture to remain viable in the future.



Digtance to nearest city influenced the decision as expected, athough distance to town did not
have asgnificant coefficient. Towns vary greetly within and between these counties, and distance to city
appears to be a better proxy for immediate development value. Likewise, the distance to waterfront
variable in Cavert County did not explain the participation decison. Some of this waterfront land may
not be suitable for development or it could be that most of the land dready has a house constructed on
it. Alternative income opportunities may have made sdlling for development more attractive but
education was a0 not sgnificant. However, people whose income from farming was less than 25
percent of their tota income were lesslikely to preserve their land, dl ese the same.

The number of years the family had owned the farm was positively related to participation,
indicating that non-consumptive value may be high. In addition, having a child who planned to continue
on in farming increased on€e' s likelihood of participating. Contrary to our expectations, the individud’s
length of ownership had no sgnificant impact on the probability. If the person had inherited or
purchased the farm from the parent, the actud transfer may have happened much later than the person’s
farming of the land. Or the increased length of ownership may be aproxy for age. Asthe farmer
gpproaches retirement age, he or she may think salling the farm will be the best way to have anest egg
for retirement. Another surprising result was that a person was less likely to participate if hisor her
parents had farmed. The high correlation between having parents who had farmed with the number of
years the farm had been in the family (?=.45997) may partidly explain this negative sgn. Similarly, the
number of years the farm had been in the family and the number of years the owner had owned the farm
were aso correlated (7=.33696). These results could be counterbaancing, and the inggnificant results
for the number of years the respondent had personaly owned the farm could be due to multi-collinearity.

Table 4 dso reports the coefficient estimates for the general model using only those observations



for which we have responses on each survey question for comparison purposes. The two models
generated Smilar results. Most coefficient estimates were quaitatively and quantitetively smilar. A few
variables were satigticaly sgnificant in the smaller mode that did not gppear in the larger model, such as
percent of cropland positively impacting participation, and the number of years the respondent had
owned the farm and growing high vaue crops negatively impacting participation. Distance to nearest
city, on the other hand, was not significant, nor was the number of years the family had owned the farm.
As mentioned above, the number of years the family had owned the farm and number of yearsthe
respondent had owned the farm were correlated; thus a switch in sgnificance from one to another
suggest it isthe overdl impact of the family variables that matters not the vaue of any one. Disanceto
city and percent of cropland were spatial, not survey, data, and therefore were collected for each
observation. Including the dummy variables for missing survey datadlowed the use of dl spatia datain
the regression.

The problem with theinitial uncorrected for heteroscedasticity mode could be one of
gpecification error (or functiona form) rather than heteroscedasticity (Greene 1993). Therefore, in
addition to estimating the basic modd corrected for heteroscedadticity, a second modd was estimated
using county interaction terms. 1n the second model, we hypothesized that certain variables would have
different margind contributions to the likelihood of participating by county. Thus county-specific
interaction terms (variables multiplied by the respective county binary variable) were included for each
variable except income. Using alog-likelihood test between the first (non-interacted) model and the
second (interacted) mode, the null hypothesis that they are the same is rgjected, (7= 108.6, d.f. =71).

The results for the second modd are given in Table 5. The null hypothesisthat al the

coefficients in the county interaction model are zero isrgjected, (=692.7, d.f. =106). Table 5's base



case reports the genera influence of each variable, with Cavert County being the excluded county.
Table 6 givesthe margind effects of dl the variables calculated at the mean of the entire sample. For the
binary variables, the margind effects are computed as probability of participating if the variable equals 1
compared to probability of participating if the variable equals 0. The base coefficients on the variables
of number of acres, being within amile of a preserved farm, the number of years the family had owned
the farm, having a child who planned to continue farming, growing grains, and hearing about the program
viaaneighbor, were satigticaly sgnificant and positively influenced participation. The coefficients on the
distance to the nearest preserved parcel, the binary variable that parents had farmed, on having adairy,
and on earning less than 25 percent of one' s income from the farm, were satistically sgnificant and
negatively influenced participation. The Sgns of the coefficients on these variables were Smilar to those
in the non-interactive modd. If a preserved farm was contiguous, the probability of participating
increased 39 percent. Grains asthe mgjor crop increased the probability of participation by 55 percent,
while dairy decreased it by 17 percent. If parents had farmed, participation was 60 percent less likely.
And if the respondent had a child who planned to continue farming, he or she was 66 percent more
likely to participate in the preservation program. Earning less than 25 percent of one€' s income from the
farm resulted in an 18 percent decrease in the probability of enrolling in a program.

Table 5 dso reports the different margina contributions by county. In Howard and
Montgomery counties, for example, the probability of participating increases as the distance to the city
increases, but is not sgnificant in the base modd or for Carroll county parcels. Given the growth
pressure in Howard and Montgomery counties, thisresult is not surprising. In addition, while the overal
effect of distance to the nearest preserved parcel (county coefficient plus the base case coefficient) was

negative for both Howard and Montgomery, the estimated coefficient for these county-interacted



variables were positive, suggesting the contiguous distance effect is less strong in these two counties than
in Cavert or Carrall. In Howard, the number of years the family had owned the farm had a negative
impact on the probability of joining the preservation program, but having parents who had farmed had a
positive effect and increased Howard landowners' probability of joining by 29 percent. In both Carroll
and Montgomery, the coefficients were dso positive. The margind effects for these two counties of
having a parent who had farmed was to increse the probability of enrolling by 26 percent and 14 percent
repectively. Montgomery landowners were less likely to join the preservation program if achild
planned to continue farming than farmers in other counties (49 percent instead of 66 percent). Using a
computer in the business negatively impacted participation in Howard County relative to other counties
(16 percent rather than 35 percent). Only in Montgomery did receiving most of the income from the
farm as rental income negatively affect the probability of participating. Also in Montgomery, the impact
of hearing about the program from a neighbor was smdler.
Conclusion

Understanding which factors affect alandowner’ s decision to participate in an agriculturd land
preservation program is important to designing and implementing effective programs. Using adiscrete
choice modd, we find that farmer and parcel characteristics affect the probability of participating in these
programs. Overdl, parcd characteristics that affect development value are sgnificant more frequently
than those usad to proxy agriculturd value. In addition, variables used to proxy the non-consumptive
vaue or bequest motivations were important. However, a child’s decision to continue the farm may be
determined by the expectations for future farming profitability thus this may be a better proxy of
expected agricultura returns than the included proxies of percent of prime soils or cropland and crops

grown. If itistrue that the agricultural vaue isless important that the development vduein a



landowner’ s decision, program administrators need to ensure that they update the easement values to
reflect on-going increases in development value,

The type of preservation program varied by county and al landowners had access to the sate
program to preserve their land.  Landownersin the 4 counties exhibit smilarities on some factors such
as number of acres, if another preserved parcel iswithin amile, if they have a child planning to continue
farming, share of income and what they produce. But for others characteristics, the results demondtrate
both quantitative and quditetive different margina contributions to the probability of participating. These
factorsincluded the distance to nearest city, distance to nearest preserved parcel, years family owned
the farm and whether parents farmed. Given the variance in the county programs by payment
mechanism and digibility criteria, one might have expected more difference in the margina contributions
by county. For example, the number of acresimpacted the probability of enrolling in aprogram. This
might be attributed to the digibility criteriain the state and some county programs. Y et in Montgomery
TDR program, a minimum acreage requirement does not exist. However, the contribution of this
acresge variable in Montgomery did not vary from the other counties. In addition, a criticism of the
MALPF has been its scattered preservation pattern both between and within counties. Y et Carall
landowners which use MALPF do not exhibit a different influence of the proximity to a preserved parce
relative to other counties,

Another concern about the Maryland preservation programs is that they preserve hobby farms
rather than working farms. If the god isto preserve the agricultura economy not just farmland for open
gpace and other reasons, then using limited program money in this may not be optima. These results
suggest that agriculturd landowners in farm area (proximity to preserved farms) who are farming the land

(alarger percent of income from farming) were the most likely to join, al ese the same.
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Table1l. Number of AcresPreserved by County and Program

County
Program Cavert Carrall Howard Montgomery
MALPF 3,844 31,284 3,937 2,074
County PDR o? 0 12,801 6,353
County TDR 10,960 0 1,350 40,583
Total 14,804 31,284 18,088 49,010

Source: Bowers, Greg Bowen, Calvert County Office of Planning and Zoning
@Some of the TDR acres reported above were sold as part of the County PDR program. Greg Bowen of
Cavert Office of Planning and Zoning estimates that 2,500 acres of the TDR total acres have been

preserved under the Calvert PDR program.



Table 2. Descriptive Statisticsfor Survey Respondents by Preservation Status

Total (N=838)
Mean Std.Dev.

Percent of Prime Soils 49.84% 0.40
Percent of Cropland 48.68% 035
Percent of Pasture 12.29% 023
Distanceto Town (miles) 355 169
Distance to Nearest City (D.C. or Baltimore, miles) 26.65 7.83
Distance to Water* Calvert County (miles) 0.32 0.79
Contiguous preserved parcel within amile (=1 if yes) 75.42% 043
Distance to preserved parcel if with amile (miles) 0.32 027
Number of acres 71.95 87.86
Y ears family owned farm 22.60 34.14
Y ears owner owned farm 27.10 16.44
Child plansto continue farming (=1 if yes) 17.86% 0.38
Parents farmed (=1 if yes) 58.63% 0.49
College Graduate + (=1 if college grad or greater) 60.98% 049
Uses Computer in Business (=1 if yes) 37.71% 0.49
Highest Gross Income from

Grains (=1if yes) 20.46% 0.40
High Value Crops (=1 if yes) 8.75% 0.28
Dairy (=1if yes) 8.09% 0.27
Rental income (=1if yes) 12.05% 033
Forest products (=1if yes) 387 0.19
Heard about Preservation Program from

Neighbor (=1if yes) 847% 0.28
Newspaper (=1if yes) 2757% 0.45
Extension Agent (=1 if yes) 6.09% 024
Lessthan 25% of income from Farm (=1 if yes) 74.83% 043
Carroll County (=1if located in this county) 31.38% 0.46
Montgomery County (=1if located in this county) 30.19% 0.46

Howard County (=1if located in thiscounty) 17.54% 0.38

Participant (N=326)

Mean
47.65%
56.72%
13.42%

321
26.69
013
95.40%
0.33
126.40
28.16
26.72
26.29%
60.89%
61.63%
42.23%

25.79%
5.16%
14.29%
11.90%
4.28%

13.19%
20.86%

9.51%
59.32%
24.85%
44.48%
19.63%

Std.Dev.
0.38
0.30
021
152
6.85
0.49
021
0.18

11032
36.55
1575

044
0.49
0.49
0.49

044
022
0.35
0.32
0.20

034
041
0.29
049
043
0.50
040

Nonparticipant (N=512)

Mean
51.23%
4356%
11.58%

376
26.63
0.44
62.70%
0.32
37.28
1859
2137
11.78%
57.02%
60.52%
34.47%

16.67%
11.30%
367%
12.15%
3.61%

547%
31.84%

391%
85.59%
35.55%
21.0%%
16.21%

Std.Dev.
041
0.36
0.24
175
841
091
0.48
031

4250
3174
1694
032
0.50
0.49
0.48

0.37
0.32
019
0.33
0.19

0.23
047
0.19
0.35
048
041
0.37



Table 3. Descriptive Statisticsfor Survey Respondents by County

Percent of Prime Soils

Percent of Cropland

Percent of Pasture

Distance to Town (miles)

Distanceto Nearest City (D.C. or Baltimore, miles)
Distance to Water* Calvert County (miles)
Contiguous preserved parcel within amile (=1 if yes)
Distance to preserved parcel if with amile (miles)
Number of acres

Y ears family owned farm

Y ears owner owned farm

Child plansto continue farming (=1 if yes)
Parents farmed (=1 if yes)

College Graduate + (=1 if college grad or greater)
Uses Computer in Business (=1 if yes)

Highest Gross Income from

Grains (=1 if yes)

High Value Crops (=1 if yes)

Dairy (=1if yes)

Rental income (=1 if yes)

Forest products (=1 if yes)

Heard about Preservation Program from
Neighbor (=1if yes)

Newspaper (=1if yes)

Extension Agent (=1if yes)

Lessthan 25% of income from Farm (=1 if yes)

Calvert

46.65%
27.5%%
2.26%
3.96
3443
152
68.57%
034
50.77
3331
25.60
12.04%
68.87%
55.24%
31.19%

17.43%
11.01%
0.00%
7.34%
2.86%

2.29%
22.2%
2.86%
77.45%

Std.Dev.

0.35
031
012
1.66
5.80
1.07
047
0.30
81.69
39.78
17.30
0.33
047
0.50
047

0.38
031
0.00
0.26
0.17

0.15
042
0.17
042

Carroll

Mean
40.03%
62.77%
10.77%

3.66
29.00

66.16%
0.33
75.33
19.75
28.70
21.58%
64.92%
46.56%
20.69%

24.87%
6.09%
15.74%
15.74%
254%

9.51%
29.66%
9.13%
66.31%

Sd.Dev.
0.39
0.29
021
164
6.17

047
0.30
75.30
32.32
15.14
041
048
0.50
0.46

043
024
037
037
0.16

0.29
0.46
0.29
047

Howard

Mean
81.22%
50.69%
15.16%

282
16.61

80.95%
0.34
69.43
26.77
2850
20.51%
54.31%
65.52%
40.17%

18.42%
10.53%
7.02%
13.16%
351%

13.61%
21.21%

4.76%
73.87%

Sd.Dev.
0.30
0.36
0.26
1.60
4.38

0.39
0.26
83.08
36.21
17.15
041
0.50
048
049

0.39
031
0.26
034
018

034
045
021
044

Montgomery

Mean
44.00%
47.46%
19.15%

3.56
24.67

86.56%
0.29
84.54
16.75
2541
15.76%
48.91%
76.37%
48.37%

18.82%
9.14%
5.38%

10.22%
6.45%

8.70%
29.25%
5.93%
82.95%

Sd.Dev.
041
0.35
0.27
1.69
4.40

034
0.20
103.19
29.27
16.66
0.37
0.50
043
0.50

0.39
0.29
0.23
0.30
0.25

0.28
0.46
0.24
0.38



Table 4. Probit Regression Coefficient Estimates for Probability of Participating in a Farmland Preservation

Program
Variables General Model (N=537) General Modd (N=838)
Coeff. ASE Coeff. ASE
Constant -5541 ** 2437 -5.985 1.988
Percent of Prime Soils -0977 * 0.509 -0.782 ** 0.388
Percent of Cropland 1032 * 0.616 0.387 0.450
Percent of Pasture 0.201 0.822 -0.199 0.639
Distance to Town 1151 2304 1.390 1841
Town distance squared -2.353 2124 -1.876 1.680
Distance to Nearest City 12.813 8.092 16.163 ** 6.710
City distance squared -12.558 8.687 -18.408 ** 7.457
Number of acres 3202 ** 0.825 3.214 ** 0.670
Acres squared -0.372 ** 0.116 -0.376 ** 0.093
Contiguous preserved parcel 3.018 ** 0.833 3.780 ** 0.831
Distanceto preserved parcel -23.615 ** 6.391 -26.237 ** 5784
Family Variables
Y ears family owned farm 0.780 0.509 0972 ** 0470
Y ears owner owned farm -0.018 * 0.011 -0.014 0.009
Child plans to continue farming 1259 ** 0527 1.249 ** 0.491
Parents farmed -0.621 * 0.343 -0533 * 0.304
Education -0.045 0.330 -0.226 0.292
Uses Computer in Business 0.039 0.328 0.098 0.292
Highest Gross income from
Grains -0.023 0.389 -0.241 0.361
High Value Crops -0972 * 0.592 -0512 0461
Dairy 0.193 0.639 -0.522 0.555
Rental income 0.102 0.436 0.079 0.398
Forest products -0571 0.866 -0584 0.705
Heard about program from
Neighbor 1362 ** 0.503 1159 ** 0422
Newspaper -0.899 ** 0.361 -0.817 ** 0311
Extension Agent 0.840 0513 0917 * 0491
L ess than 25% of income from Farm -1.100 ** 0411 -1.165 ** 0.375
Carroll County -0.139 0.713 -0.347 0.568
Montgomery County 1.237 0.837 1004 0.649
Howard County 1.345 0924 0.999 0.715
Distance to Water* Calvert County 2115 1.993 -0.111 1657
Dummy for Missing Family variables -0.897 0.733
Dummy for Missing Crop variables -0.638 0.698
Dummy for Missing Income Variable -0.565 0542
Coefficient of Heter ogeneity
Montgomery County 0.718 ** 0204 0593 ** 0.166
Distanceto Town 0.675 ** 0.341 0.691 ** 0.293

Log likelihood -172.28 -268.280



Chi-squared

Maximum Likelihood R?

McFadden R?

386.3683
0.513
0.529

d.f.=32 583.530

0.502
0.521

Note: Two asterisks (**) indicates that based on an asymptotic t-test,

the H,: B=0isrejected using a0.05 criterion. One asterisk (*) rejects using a 0.10 criterion.

Actual
No (0)
Yes(1)
Total

37
188
225

Total
311
226
537

Predicted

Actual 0
No (0) 44
Yes(1) 59
Tota 513

d.f.=35

267
325

Total
512
326



Table5. Probit Regression Coefficient Estimateswith County I nteraction Variablesfor

Probability of Participating in a Farmland Preservation Program

N=833
Variables Base Howard Carrall Montgomery

Coeff. ASE  Coeff. ASE Coeff. ASE Coeff. ASE
Constant 2356 18.84
Percent of Prime Soils -0.73 101 -0.31 135 004 110 0.77 1.06
Percent of Cropland 163 113 -1.73 137 -135 139 -1.82 119
Percent of Pasture -952 1504 848 1508 1018 15.08 8.96 15.05
Distanceto Town 3.89 491 -391 575 -027 578 -3.82 519
Town distance squared -5.91 448 5.46 512 203 511 527 470
Distance to Nearest City -88.85 6591 12244* 7104 8814 68.04 119.94 * 70.88
City distance squared 7057 5641 -127.41* 74.67 -69.55 59.02  -105.63 65.42
Number of acres 310** 123 0.45 144 -022 137 -1.85 129
Acres squared -0.33 049 -0.09 051 -0.23 0.52 021 0.50
Contiguous preserved parcel 2.89 ** 102 -0.76 136 -017 117 0.09 134
Distanceto preserved parcel -38.12 ** 12.20 2310* 1392 1544 1343 26.37 ** 12.85
Family Variables
Y ears family owned farm 379** 164 -4.25 ** 183 -335** 173 -3.30 ** 171
Y ears owner owned farm 0.01 0.02 -0.03 002 000 0.02 -0.02 0.02
Child plansto continue farming 195* 110 -0.24 134 -125 118 -219* 117
Parents farmed -2.95** 131 354 ** 138 297** 137 225* 134
Education -0.27 0.76 0.83 090 -045 0.85 0.46 0.81
Uses Computer in Business 115 0.87 =194 ** 098 -047 0.99 -0.77 0.90
Highest Gross income from
Grains 162 * 0.99 -1.73 113 -164 108 -1.46 105
High Vaue Crops 0.58 0.86 -0.66 116 -151 131 -1.05 0.98
Dairy -1.22 * 0.74 163 136 127 0.89 XX XX
Rental income 172 112 -1.31 126 -1.39 122 -2.40 ** 120
Forest products -0.35 0.80 XX XX -054 138 113 1.00
Heard about program from
Neighbor 280 ** 130 -1.46 143 -195 139 -2.72*%* 135
Newspaper -0.50 0.55 -0.32 073 024 0.67 -0.03 0.60
Extension Agent 0.73 249 -0.65 261 012 255 140 258
L ess than 25% of income from Farm -0.73 ** 0.26
Carroll County -26.99 19.35
Montgomery County -31.71 1951
Howard County -29.64 19.21
Distance to Water* Calvert County 0.28 197
Dummy for Missing Family variables -0.47 0.49
Dummy for Missing Crop variables -0.23 047
Dummy for Missing income variable -0.03 0.39

Predicted

Log likelihood -213.955 Actual 0 1 Total
Chi-squared 692.1739 0458 54 512
Maximum Likelihood R*=.562 147 279 326
McFadden R%.618 Total 505 333 838

Note: Two asterisks (**) indicates that based on an asymptotic t-test,
the H,: B=0is rejected using a0.05 criterion. One asterisk (*) rejects using a0.10 criterion.



Table6. Marginal Effectsfor Interacted Model Reported in Table5

Variables

Constant

Percent of Prime Soils
Percent of Cropland

Percent of Pasture
Distanceto Town

Town distance squared
Distance to Nearest City
City distance squared
Number of acres

Acres squared

Contiguous preserved parcel
Distance to preserved parcel
Family Variables

Y ears family owned farm

Y ears owner owned farm
Child plansto continue farming
Parents farmed

Education

Uses Computer in Business
Highest Grossincome from
Grains

High Value Crops

Dairy

Rental income

Forest products

Heard about programfrom
Neighbor

Newspaper

Extension Agent

Less than 25% of income from Farm
Carroll County

Montgomery County
Howard County

Distance to Water* Calvert County
Dummy for Family variables
Dummy for Crop variables
Dummy for Income variable

Base
Coeff.
5834
-0.180
0.403
-2.358
0.965
-1.463
-22.005
17.476
0.768
-0.082
0.395
-9.441

0.940
0.003
0.655
-0.597
-0.066
0.345

0.546
0.178
-0.166
0.5%4
-0.073

0.831
-0.110
0.230
-0.183

ASE
4.430
0.245
0.271
3.569
1181
1.037

15.355
13.218
0.249
0.117
0.100
2.598

0.340
0.004
0.317
0.192
0.179
0.288

0.326
0.308
0.057
0.353
0.139

0.160
0.108
0.929
0071
0.000
0.000
0.000
0.487
0.100
0.105
0.09

Howard
Coeff.

-0.078
-0.430
2101
-0.967
1352
30.321
-31.552
0.110
-0.021
-0141
5721

-1.053
-0.008
-0.053
0.882
0.266
-0.190

-0.172
-0.115

0579
-0.159

-0.165
-0.068
-0.114

ASE

0.336
0334
3.595
1.398
1210
16.525
17.757
0.367
0.127
0173
3134

0.393
0.005
0.257
0.073
0.334
0.049

0.042
0.128
0442
0.044

0.052
0.132
0.281

Carroll

Coeff.

0.009
-0.334
2520
-0.066
0.502
21827
17.225

-0.183
-0.163

0.446
-0.167
-0.100

-0177
0.066
0.032

ASE

0.273
0.341
3.568
1429
1.243
15874
13.865
0.335
0.131
0.260
3.001

0.370
0.005
0.063
0171
0.143
0.150

0.046
0.049
0.340
0.045
0.176

0.046
0.197
0.703

Montgomery

Coeff. ASE
0.190 0.256
-0.450 0.288
2218 3.580
-0.945 1251
1.306 1.099
20702 16413
-26.160 15300
-0.459 0.280
0.053 0121
0.022 0.347
6.531 2.819
-0.817 0.366
-0.006 0.004
-0.183 0.046
0.738 0.302
0131 0.255
-0.137 0.105
-0171 0.044
-0.147 0.066
-0.178 0.043
0.393 0.398
-0.183 0.046
-0.007 0.145
0.497 0.944



