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ABSTRACT
While agricultura land preservation programs seek to maximize number of acres, to preserve productive
farms, to preserve contiguous farms, and to preserve threstened farms, they are often evaluated solely on
the number of acres preserved. Using a Farrell efficiency andysis, preserved parcels in four Maryland
countieswere evauated for dl four goals. Comparisons are made between program Econometric analyss
used these efficiency measures as dependent variables. Parcel size and productive farms were the most
frequently used criteria to determine efficiency. In addition, purchase of development right programswere

most successful in trading off objectives.



. INTRODUCTION

Food security, local economic conditions, and amenity vaue issues have led to research and
policy interest in agricultura land preservation. Gardner (1977) proposed that four benefits can be
derived from the protection of productive agriculturd land: loca and nationa food security, employment
in the agricultura industry, efficient development of urban and rurd land and the protection of rurd and
environmenta amenities. Most economists have dismissed food security and employment arguments due
to confidence in the market system to alocate land between uses (Crosson 1982; Gardner 1977).
However, farmland preservation programs can preserve the amenity vaues of open space and rura
character aswell asfor the pollution reduction potentia in areas where suburban development is
occurring (Bromley and Hodge 1990; Castle 1982; Fischel 1985; Gardner 1977; McConnell 1989;
Wolfram 1981). States and counties use a variety of policy mechanismsto dow farmland converson
including exclusive agricultura and low-dengity zoning, reduced property tax rates, purchase of
development rights/purchase of agricultural conservation easements (PDR/PACE), and transfer of
development rights (TDR) programs (Lynch and Horowitz 1998; Parks and Quimio 1996; Duncan 1984,
Mulkey and Clouser 1987; Rose 1984). Papers on the theoretica aspects of preservation tools, such as
TDRs, have aso been published (Barrows and Prenguber 1975; Small 1976).

Contingent vauation anadyss (Pruckner 1995; Drake 1992; Beady, Workman, and Williams
1986; Bergstrom, Dillman, and Stoll 1985; Halstead 1984; Foster, Halstead, and Stevens 1982) and
public choice andysis of votes on establishing such programs (McL eod, Woirhaye and Menkhaus 1999,
Kline and Wichelns 1994; Variyam et d. 1990) have been conducted. When asked about preferences
regarding farmland preservation gods, citizens said that protection of groundwater and wildlife habitats
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and preservation of natural places were the preferred objectives (Kline and Wichelns 1996). 1n 1998,
U.S. voters approved 72 percent of the 240 ballot measures designed to preserve parks, open space,
farmland, and other amenities (Myers 1999). These measures will result in more than $7.5 billion in
additiond gtate and loca spending. Professondsin the metropolitan planning departments have been
surveyed regarding implementation of farmland preservation programs (Pfeffer and Lapping 1994).
Modds have been formulated using measures of the amenity benefits to determine the optima number of
acres to preserve (Brunstad, Gaadand, and Vardal 1999; Lopez, Shah, and Altobello 1994).

Except for Parks and Quimio’ swork (1996) evduating the effectiveness of preferentid property
taxation on farmland preservation, economic analyss of the performance of these types of programs has
been limited. Agricultura land preservation programsin Maryland provide an opportunity for such
andysis. Inthe last decade, more than 22,000 acres of Maryland farmland per year have been converted
to urban use. The Maryland Office of Planning predicts that if the current trends continue 500,000 more
acres of farms, forests and other open space will be converted to development over the next 25 years
(Bay Journal, 1997). Urbanizing counties have established PDR and TDR programs to place perpetua
easements on parcels to restrict non-agricultura usesin an atempt to dow or end farmland conversion
(Lynch and Horowitz, 1998). Besides county-level PDR and TDR programs, Maryland dso has a
date-wide program, the Maryland Agricultural Land Preservation Foundation (MALPF), which uses tax
money to purchase easements similar to a PDR.

This paper presents a Farrell efficiency analysis of the characteristics of the parcels preserved in
these state and county agricultural land preservation programs. The programs have smilar goals of
preserving alarge number of acres, contiguous parcels, the most threstened land or land most likely to be
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converted in the near future, and the most productive farms. This paper considers these god's as multiple
products. Detalled analyss of the different program outcomes alows evauation of which type of
program is mog efficient in achieving particular goals and which is efficient in trading off among these
gods. Data on characteristics of the preserved tracts of land are used as outputs. The analys's adapts the
sandard forms of efficiency andysis and concentrates on multiple outputs rather than inputs.

II.AGRICULTURAL LAND PRESERVATION PROGRAM BACKGROUND

Thisandysisincludes land preserved by state and county programs in Howard, Carroll,
Montgomery, and Cavert countiesin Maryland. Three of these counties, Montgomery, Howard and
Carroll madethetop 12 lis Montgomery and Calvert counties have both TDR and PDR programs,
Howard County has a PDR program, and Carroll County relies primarily on the State program. All four
counties have some MALPF easements. Number of acres preserved by state and county programs for
the four counties are reported in Table 1. Montgomery County had 77,266 acres in farmland (59% in
preservation), Howard had 39,846 acres (45% in preservation), Calvert had 33,450 acres (33% in
preservation), and Carroll had 160,180 acres (16% in preservation) (Agricultura Census, 1997).

In the four counties studied, returns for converting farmland to other uses had increased since the
early 1970s. Maryland has passed severd pieces of legidation that benefit all farm landowners. For
example, farmers are granted preferentia taxation on land kept in agricultural production. Property taxes
on thisland are based on an agricultura vaue rather than the value in the highest and best use. 1n 1977,
the State established the Maryland Agricultural Land Preservation Program (MALPF) as avoluntary land
preservation program. MALPF isa PDR program that purchases permanent easements which prohibit
resdentia, commercid, and industrial uses on farmland for current and dl future owners. MALPF st the
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vaue of the easements on the lower of 1) the caculated easement value equd to an gppraisa vaue minus
the agriculturd value and 2) abid made by the landowner. If insufficient funds exist to purchase dl offers
to sell easements made by landownersin a particular year, the parcels are ranked by theratio of the bid
to the caculated easement value. Those parcels with the highest value per dollar paid are accepted firs.
Parcels must be at least 100 contiguous acres or be contiguous to another preserved parcd. At least 50
percent of the soil must be classified as USDA Classl|, |1 or [11 soilsor Woodland group | or 1l.  Parcels
in any one county compete againgt each other in one round of bidding. In the second round of bidding,
parcels compete againgt parcels from the entire state. The state program had purchased easements on
more than 152,288 acres by 1998 (MALPF Annua Report 1998). Landownersin al four countiesin
the study area can participate in MALPF. Carroll County relies primarily on the MALPF program to
preserve farms,

In addition to MALPF, Cavert, Montgomery, and Howard counties have county-level
programs. Calvert County began a TDR program in 1978. Under this program, farmland owners can
<l tharr right to develop to a developer who then usesit in a*“recelving” areato increase building density
where development is planned. The price is determined through negotiations between the landowner and
the developer. A minimum of 50 acres and 50 percent prime soil is required for digibility. Cavert has
aso ingtituted a PDR program to purchase TDRS at the average TDR price and to then retire or not use
them to keep farmland preserved and housing dengity low. A single parce can have sold TDRs in both
the TDR and PDR programs in Calvert and Montgomery counties. A landowner may sdl afew of the
TDRs atached to theland in the TDR market. He could then sdll the remaining development rights to the

county PDR program.



In 1981, Montgomery County established a TDR program in its agricultural reserve of 90,000
acres Smultaneoudy with a change in the zoning from one house on five acres to one house on 25 acres.
Landowners were given gpproximately one TDR for each five acres of land, which developers could
purchase and use to increase dendity in designated growth areas. The TDR price is determined through
negotiations between the landowner and the developer. More recently, in 1990, Montgomery County
began a PDR program under which the priceis set by a point system or an gppraisal process. Program
adminigrators assign points to land characterigtics such as road frontage, soil quality, and proximity to
developed areain order to determine the per acre price offered to purchase the development rights.

Started in 1978, Howard County’ s PDR program at first used two gppraisas to determine the
easement purchase price. However, in 1989 the program switched to using a point system based on land
characteristics to determine the easement value. At the sametime, the program began to use an
ingtalment plan to purchase the rights. Under the plan, the farmer recelves a county bond that pays tax-
exempt interest payments twice a year with a balloon payment of the principa in year 30. These bonds
can beliquidated at any time. In 1994, the county changed digibility sandards to emphasize the number
of acresand quality of soil. Minimum acreageis set at 100 acres unless the parcd is contiguous to
another preserved parcel. On two-thirds of the farm, at least 50% of the soil must be classfied as Class
[, 11, or [1l. The County has a0 introduced a modified TDR program, but given the limited enrollment at
the time this data was compiled (404 acres), this program is not included in the analyss.

I11. MODEL AND ESTIMATION

This paper uses an adaptation of Farrell non-parametric methodology to determine the efficiency

of the various programs. Farrell’s methodology was developed to evduate a firm's efficiency in
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maximizing production for agiven leve of inputs rdative to the efficiency of other firmswith amilar
technology. The procedure evauates both technicd efficiency (TE) and overdl efficiency (OE). Thus
the god of maximizing profits subject to constraints depends on the ability both to use inputs well and to
buy the right combination of inputs (Féare, Grosskopf, and Lovell 1994). Lovell (1993) reviews some of
the gpplications where this gpproach has been used to eva uate the efficiency of public good production.

In this paper, program administrators are assumed to maximize the gods of the programsto
achieve the highest and best mix of preserved land characteristics given program congtraints and existing
land characterigtics in the county. TE measures the achievement of the highest possible level of outcome
characteristics for one acre preserved given loca conditions. While the stated overall god of the
programsis to preserve the agricultural economy, more specific goals can be ddlineated and are
described below. These goals are the outputs of the preservation programs. Previous analyses of public
goods have dso interpreted goas as outputs. For example, McCarty and Y aisawarng (1993) used
percentages of students who pass proficiency tests as outputs in evauating efficiency of school didtricts,
and Burgess and Wilson (1993) used inpatient days, discharges, and surgery, outpatient visits, and
ambulatory surgica procedures as outputs.  Similarly, analysis of the Hawaiian Public Library System
used numbers circulated, number of patrons, and number of requests to measure the efficiency of the
library system (Sharma, Leung, and Zane 1999).

The Farrdl approach does not require assuming a specific functiona form. In addition, no
exogenous level of efficiency or absolute standard is necessary as the parcels are compared with each
other. Thus, programs are not evauated as more efficient if local conditions alow a higher leve of
achievement of these gods. Lovdl (1993) notes that efficiency anays's dlows hypotheses to be tested
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about the efficiency of different programs in achieving certain gods. We hypothesize that a TDR program
will maximize acreage more efficiently, while aPDR program will preserve the mogt productive farms.

In the generd €efficiency modd, y; and x; are vectors of output and input quantities for the jth
preserved parcel, T; isanonnegative scllar and v; isavector of variadbles. The linear programming

model which produces an index of TE for the jth multiproduct firm is specified as (Paris 1991)

Max T j
st. (1%T j)yj&Wj#O
(1) ij#xj
T j$,Vj$0

Here Y and X are matrices of outputs and inputs, respectively, for the n parcels.  Given only one input,
an acre of land, inputs do not have to be explicitly modeed, and the second congtraint can be diminated.
The modd isthen smilar to the andyss of only one output conducted solely in input space. The first
congtraint can be rewritten as (1/(1+T)))Yv; $y,. Withthisformulation, minimizing 1/(1+T ) isthe same
asmaximizing T;. Because 1/(1+T)) #1 and (L/(1+T)))W,; # W;, it followsthat Yv; $y;. Now, v; isthe
vector of weights on the outcomes to achievey; and is dways less than or equa to aunit vector. Using a
unit vector u, uv; measures TE: atechnicaly efficient parcel would have a TE equal to oneand an
inefficient parce would have a TE that islessthan one.  Thus, uv; isameasure of TE, which can be
interpreted as achieving the same mix of outcomes by purchasing an easement on one or fewer acres.

Using uv; and the modified constraint, equation (1) can then be rewritten as



Min uvj

(2) st. W3y,

vj$0

This problem is an inverted single product-multiple input problem where max is replaced with min and
the congtraint has the opposite inequdity (Paris 1991). Lovel (1993) discusses converting a problem
from input to output space with smilar transformations.

Overdl eficiency (OE) is caculated by adding another condtraint to equation (2): cv; # ¢; where
c isavector of easement prices of the preserved parcels and ¢ is the scaler easement price of thejth
parcel. OE consders both the level of outputs achieved and cost of aparcd. If the OE for a parcel
equas one, the program could not have achieved the same leve of outputs for alower price than was
paid per acre for that parcd. If OE islessthan one, the same leve of outputs could have been purchased
with alower price per acre, or ahigher level of outputs could have been purchased for the same price per
acre aswas paid for that parcel.

These programs have identified four important gods to ensure the survivd of the agricultura
economy and preserve farmland that are used to define the desirable outputs or y; per preserved parcel
as referenced above. They; or parcel characteristics are used to proxy each of four goals: 1)

Maximizing the number of preserved acres. Total number of acresin the preserved parcdl.  2) Preserving

productive farms. Percent of the parcd that is crop land, negative vaues of percent of land in pasture and

forest which is perceived to be undesirable feature of productive farms?, and percent of the parcdl that is



prime soil. The Maryland soil dassfication system defines prime soils as having minimal dope or no
drainage problems (Maryland Department of State Planning 1973). Also, totd number of acresin the

farm can be considered here aswell. 3) Preserving farms most threstened by devel opment. The negetive

vaue of the distance to the nearest metropolitan center, Batimore or Washington, D.C., and distance to
nearest town as measures of the potentia return to land conversion and the timing of possible

development. 4) Presarving large blocks of land. Distance to the closest contiguous preserved parcel as

aproxy of incluson in alarge block of land which may keep farming more codt-effective.

TE and OE were cdculated for al parcels with separate modd s for each county, which
evauates each parcd rdative to those within its own borders, and then as a pooled model combining
parcels from dl counties. The pooled modd s were used to evaluate the efficiency of decentraized
programs compared to the state program. Efficiency estimates from individua county models were used
as dependent variables in two Tobit regressions with bounds of zero and one; regressons were dso
estimated using the TE and OE measures from the pooled efficiency modd. Independent variablesin the
regressions were the characteristics of the parcels, the year of purchase of the easement, and the program
under which the parcel was preserved as a binary variable. In addition, interaction variables comprised
of the program and the parcel characteristics were included. Variables for TDR were excluded.

IV. DATA

Data were collected on number of acres, year of enrollment, and price paid for the development
rights for each parcd in the state and county programs. Prices were discounted using the Index of Prices
Paid by Farmers (USDA) to a base year of 1997. These data were merged with Maryland Division of
Tax and Assessment Data that provided tax identification codes and geographic coordinates as well as
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dataon parcel sze and location. Using a Geographic Information System, parcel characteristics from
Maryland Office of Planning digitized maps were added such as percent of prime soil, distance to nearest
metropolitan areas, to nearest town, and to other preserved parcels, and percent of pasture, row crops,
and forest. Summary dtatistics for the data are presented in Table 2.

These programs preserved 1005 parcels for which tax identification numbers could be identified.
Over the 20-year period, parcels may have been sold, and the tax identification number been changed.
Parcels for which tax identification numbers could not be found were deleted from the analysis.
Montgomery had 483 parcds of land (48%) included in the andysis with Cavert having 123 (12%),
Carrall 240 (24%), and Howard 159 (16%). Cavert had an average parcel size of 81 acresin the
preservation program. Carroll has an average parcel size of 103 acres for the preserved parcels.
Howard had an average parcel size of 101 acres, and Montgomery County had an average size of 75
acresfor the preserved parces. Howard County parcels were most likely to have high quality soilswith
an average of 82% of the preserved acres having prime soil. Cropping patterns varied by county with
more land in crops in Carroll (69%) and Howard counties (64%) and more land in forest in Cavert
County (54%). Howard's preserved parcels were closer to metropolitan areas (2838 meters) than were
other counties, with Cavert's parcels on average being the furthest away (5343 meters). Montgomery
County parcels tended to be nearer other preserved parcels (451 meters), with Carroll (606 meters) and
Calvert County parcels (592 meters) being further away from other preserved parcels.

A parcel with alarge number of acres, a high percentage of prime soil, a high percentage of crop
land, near another preserved parcel, near ametropolitan area, near the closest town, and with alimited
percentage of pasture and forest acres, would be expected to have a high technica efficiency measure as
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it achieves dl of the gods of the programs. If the price per acre to purchase the easement was dso
relatively low, thistype of parcd would aso have a high overdl efficiency measure.

In the Tobit regression equations, year of purchase is expected to be negatively related to
technica efficiency given that administrators choose the most desirable parcelsfirst. In some cases,
programs have become more redtrictive in the digibility requirements over the years. Thus TE could be
positively or negatively related to the year of purchase. However, the programs may have purchased the
least expensive development rights in the early years and may now be paying higher prices as the program
meatures, which implies a negetive sgn for the coefficient in the OE equation. Parcd qudity variables are
hypothesized to be pogitively related to efficiency. Size of the parcd is expected to be postively related
to technical efficiency because larger parcels are harder to duplicate with other parcels. Larger parcels
aso often have lower per acre easement prices which should result in a pogitive coefficient for OE.
Distance to metropolitan area, which is entered as a negative number, is expected to be positively
corrdlated to TE. Thethreat of conversion is expected to increase the purchase price negatively, affecting
OE. Proximity to nearest preserved parcdl is expected to be postively related to technical efficiency.
Percent of crop land would increase technicd efficiency but may decrease OE compared to TE.
Similarly, percent of pasture and percent of forest should decrease technicd efficiency but may decrease
the value of the easement, resulting in alower purchase price and increasng OE compared to TE.  The
sgnificance of the coefficients on these characteristics will indicate the effect that different characterigtics
had on efficiency and presumably the trade-offs program adminisirators must be making given their loca
conditions.

It is expected that TDR would have a negative relaionship with TE as developers have no
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preferences for farmland characteristics but would smply choose the least expensive rights to purchase.
On the other hand, one could expect a positive relationship between TDR and OE as these parcels may
be inexpendve and may have some of the desirable output characteristics such as large acreage. PDRsS
are hypothesized to have a positive effect on TE because program adminigtrators are expected to rank
the parcds offered by their desirable attributes. The purchase price is determined by the vaue of these
atributes to the county, which may result in a more expendve purchase price and thus alower OE.
MALPF has the mogt trict minimum requirements on soil type and size of the parcd so the MALPF
variable is hypothesized to positively impact TE. MALPF dso has a bidding system that could result in
lower prices for the easements with a positive impact on OE. As TDR is the excluded binary variablein
the regression, the above reasoning would imply positive coefficientsin the TE equation for PDR and
MALPF vaiables. The coefficientsin the OE equations are more ambiguous. However, PDR is
hypothesized to have a negative coefficient in the OE equation while MALPF is more likely to have a
positive coefficient in this equation. In addition to atering the intercept of the regresson for the efficiency
measure, these programs may aso impact the dope or the margind contribution of the parce
characteristics to the efficiency measures. Therefore, interaction variables between parcel characteristics
and the preservation program binary variables were created.  The coefficients on these dope variables
for acreage, prime soil and crop land are hypothesized to have positive signs for MALPF due to the
minimum dligibility requirements for the TE equation and due to the bidding system for the OE equation.
All the PDR dope variables are expected to be postive in the TE equations, given that desirable
characterigics including development potentid are given points to determine aparcd’s ranking and
purchase price. Because of this point process, it is more ambiguous whether these PDR dope variables
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will have positive coefficients in the OE equation.
V.RESULTS
Efficiency Analysis

Mean TE was 0.62 in Cavert, 0.82 in Carrall, 0.84 in Howard, 0.68 in Montgomery, and 0.70
for the pooled overdl andyss. These meansindicate that the levels of TE were quite high. Means were
higher in Carroll and Howard counties, which used MALPF and a combination of MALPF and PDR
programs, respectively. Cavert and Montgomery counties depend more heavily on TDR programs to
preserve agricultura land dthough both have some parcels enrolled in MALPF and PDR programs.
These results were cons stent with the hypothesized relationships: MALPF and PDR programs explicitly
consder characteristics of parcels so fewer inefficient choices are made.

Didributions of TE are given in Table 3. Each county had efficiency levels of 1.0 for over 20% of
its parcels Another 28.1% of the parcelsin Howard, 36.3% in Carroll, 20.8% in Montgomery, and
13.8% in Cavert of the parcels had efficiency ratings between 0.8 and 1.0. Only 4.4% of the parcelsin
Howard and 7.6% in Carroll were below 0.50. As the meansindicate, dl these programs do quite well
on maximizing outputs in the parcels that are preserved; however, the counties with predominately
MALPF and PDR programs were more technicdly efficient. The pooled andys's shows only 9 percent
of the parcels had a TE equal to one, with 38 percent with an efficiency rating between 0.8-0.1.00.
Almogt a quarter of the pooled sample had TE of lessthan 0.50. Parcelsreceive a higher efficiency rating
when compared with those in their own county than when compared to those across counties.

Mean OE was 0.87 in Howard, 0.63 in Cavert, 0.83 in Carroll, 0.69 in Montgomery, and 0.68
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for the pooled andyss. These means are amilar to those for TE for dl the andyses. Indl cases, the
percent of parcels with OE equd to oneis greater than the percent of parcels with TE equa to one. This
result indicates that some of the less technically efficient parcels had alower easement purchase price per
acre. Didributions of OE levels are dso given in Table 3. Howard had 38.7% of its parcswith aleve
of 1.0, which is 14% more parcels than for TE, and the next three highest categories were lower. This
difference between TE and OE aso was found for Carroll. About 13% more parcelsin Carroll had an
OE of 1.0 compared to TE, with asmaller percentage of OE being in the next two categories. In both
these counties, parcels with lower TE had alower cost than some parcels with higher TE, so they
achieved ahigher OE of 1.0. Some of the parcels that had fewer of the desirable characteristics than the
technicd efficient parcels cost less than the efficient parcd's so were overdl efficient; i.e., for the price
paid, the program achieved the highest level of output characteristics possible. Didtributions in Calvert
and Montgomery counties and the pooled andyss were quite Smilar to their TE.

Overdl, these results further support the efficiency of MALPF and PDR found in the andys's of
TE. Examining means of output variablesin Table 2 for Howard and Carroll counties suggests that these
programs resulted in larger average acreage, higher average percent of crop land, and lower average
percent of forest land. Parcelsin the Montgomery and Calvert counties had a higher percent of forest per
parcel, alower percent of crop land, and fewer acres, which reduced both TE and OE levelsfor these
parcels.

The relationship of the ditribution of efficiency to the leve of efficiency can be seenin Figures 1
and 2. The digtributions of TE for Howard and Carroll have smdler percentages for lower levels of
efficiency, i.e,. the curve climbs more steeply than for the other counties. For example, in Howard
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County, less than 30% of the parcels have TE of lessthan or equal to 0.7, while the percentages are
about 35, 50 and 65 for Carroll, Montgomery, and Calvert, respectively. Except for the TE measure of
0.9 for dl the counties except Calvert, Howard isfirst degree stochastic dominant over Carrall; Carrdll is
first degree dominant over Montgomery; and Montgomery isfirst degree stochastic dominant over
Cavert. Thus, fewer inefficient purchases were made in Howard and Carroll than in the other counties as
the technical inefficiency became larger. The OE digtributions have the same pattern except for in Howard
and Carroll with an OE of 0.9. The digtributions of OE are dmost first degree dominant over the
digributions of TE in the same county. When the purchase price of the easement is taken into account,
these two counties have even fewer inefficient purchases when the efficiency level islower. Theseresults
reinforce the differences in inefficiency among the counties identified above.
Tabulation of Positive Shadow Values results

The importance of the dternative output varigblesin the efficiency andyses were further
investigated by tabulation of the percentages of positive shadow values for each output for al parcels,
which is presented in Table 4. Positive shadow vaues identify which outputs were the most important in
determining efficiency. Overdl, sze of parcel and quality of soil were the most congtraining outputs. For
al four of the counties included in Table 4 and the pooled analyss, the shadow vaues for number of
acres ranked elther first or second. Similarly, the percent of prime soil and percent of crop land were
aso ranked high. In Calvert and Montgomery, size of the parcel had more positive shadow va ues than
other output variables. For these same counties, percent prime soil and percent crop land were second or
third. In Carroll and Howard, percent crop land and percent prime soil, respectively, had the most
positive shadow va ues, with acreage of land being second. In these counties with PDR programs, a
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quality variable was more important than size of the parcd. Differences between these counties so may
have resulted from the minimum acreage requirement in the relevant programs.

Mean characterigtics of the parcelsin Table 2 have interesting relationships to the percent of
positive shadow values. Mean acreage was larger in Carroll and Howard, being over 100 acres
compared to 75, 81, and 85 acres in the other counties and in the entire sample. Because parcelsin
these counties had alarger number of acres, this characteristic was easier to duplicate in many parcels
and thus less likdly to be the limiting factor. In Montgomery and Calvert, the positive number of shadow
values for parcd sze indicates that this Sze output characteristic must have been difficult to find. Parcels
with many acres were hard to duplicate so that we find more positive shadow vaues. Smdler parcels
were unable to achieve ahigh leve of efficiency dueto their sze. For Howard and Carroll counties, the
qudlity attribute for which they have the highest mean is the most congtraining on achieving efficiency.
Howard parcels have a mean of 82% prime soil per parcel, the largest among al the groups, yet percent
of prime soil isthe most congiraining output measure. Howard parcdls that did not have high levels of
prime soil were not able to achieve high efficiency ratings. Similarly, Carroll has amean of 69% percent
of crop land per parcd, the largest of any of the counties, yet it has the most positive shadow vaues.
Carroll parcesthat did not have a high percentage of crop land were not able to achieve high efficiency
ratings. Trade-offs between quality characteristics such as percent prime soil and percent crop land may
explain the high number of efficient parcelsin these counties. One hasto carefully interpret the
rel ationship between positive shadow vaues and characteristics of the parcels.

Aswith the percentages of TE and OE, few counties had differences in percent positive shadow
values between TE and OE. One of the exceptions was distance to city in Carroll, which had amuch
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higher percent for TE than for OE. The lower costs of more distant parcels must reduce the importance
of distance for Carroll parcels. Cavert had alarger mean distance to a city than Carroll (Table 2), but
distance in OE had alow percent of positive shadow vaues for Cavert and limited differences between
TE and OE. Howard had differences in the percentages of OE and TE for dl three distance outputs, with
distance to city and town having higher percentages for OE while distance to other preserved parcels was
higher for TE. Howard parcelsthat are more distant from preserved parcels are less likdly to rate high
on TE. Yet when the purchase price of these parcelsis factored into the equation, this qudity attributeis
lesslikely to impact the OE measure suggesting that these parcels easement purchase price was lower.
The distance to the metropolitan centers had a different relationship between TE (10.7%) and OE
(20.1%). The purchase price of aparcel nearer the metropolitan areawould be higher. 1t is possible that
avery efficient parcel was preserved with alow purchase price, and this parcel would be hard to
duplicate, being close to the urban center and yet rlaivey inexpensve. However, in both the TE and the
OE postive shadow vaue rankings for Howard, the distance to the urban city had the lowest number of
positive shadow values. Howard aso was the only county with the third and fourth ranked postive
shadow vaues having the opposite order for TE and OE. For TE, distance to other parcels had the third
highest positive shadow vaues, and for OE it was the percent of crop land.  If one looks at the
congtraining land use measures, Cavert had the highest percent of postive shadow vaues for pasture
while dl other counties had crop land as the highest percentage. Pasture has the lowest percentage of
positive shadow vaues among the land use variables for Howard and Montgomery counties and in the

pooled andyss. Forest land use was the lowest for Cavert and Carroll counties.
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Econometric Estimation Results

Equations were estimated for TE and OE for the combined measures from the separate county
andyses and the pooled efficiency analyssto further investigate the effect of output and program
variables on efficiency (Table 5). The year the parcd was preserved was negative and significant in the
two county-level regresson equations and in the pooled technicd efficiency equations. This suggests that
programs were able to enroll the parcels that contribute the most to achieving the stated godsin the early
years of the programs. The coefficient on years preserved was not significant in the pooled OE equations
suggesting that even though desirable parcels were enrolled, the price may not have been low when the
parcels were eva uated with parcels from other counties.

For the output variables aone, distance to town and distance to city had sgnificant coefficientsin
al four equations. Parcels closer to the city were more likely to have high technica and overal
efficiencies indicating development pressure on these parcels had a positive effect on efficiency. It
appears that the programs have been able to preserve parcels under the threat of conversion. In contrast,
people close to the nearest town were less likely to have high technica and overdl efficiencies. Towns
may have varied more than citiesin their growth potentia over the last 20 years and thus this may not be
agood proxy for development pressure.  Unlike the other distance variables, proximity to the nearest
preserved parcd did not demondrate a satisticaly sgnificant relationship with the efficiency levelsin any
of the four equations. This suggests that preserved parcels may not be close together but rather are
scattered around the county.

The expectation given the tabulation of shadow values was that percent of prime soil, acreage and
percent of crop land would have sgnificant coefficients, yet this did not occur. Only the coefficients on
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prime soil alone were Sgnificant in the two pooled regresson modds. These results are somewhat
paradoxicd. The purpose of the pooled andyss wasto determineif the programs were as efficient
andyzed jointly for al counties asin ther individua counties; the expectation was that the pooled andyss
would show that the county programs were less efficient when parcels in other counties were included as
reference parcels. Locd officids had devel oped the county-level programs and they could have better
tailored these program to the locd conditions than a program designed to serve the entire state. Here the
percent of prime soil was sgnificant a the pooled level and not the county level. Percent crop land, the
other qudity variable besdes prime soil that had many postive shadow vaues, was not Sgnificant in any
of the four equations. Parcd sze dso did not sgnificantly affect technica efficiency or overdl efficiency
by itsdf in any of the four equations. The results found from the tabulation of the shadow variables that
the other quadity variables had limited sgnificance dso were found in the regression equations. Percent of
pasture land did not demondrate a Satigticaly sgnificant relationship with the efficiency levelsin any of
the four equations. The percentage of land in forest did have a positive and sgnificant reationship with
TE in the county level equation but not in the other three equations.

Parcd characteridic variables may have margindly different contributions under the different
preservation programs given the minimum eligibility requirements and the ranking procedures. For
example, percent of prime soil had asgnificantly postive impact on efficiency leve in dl four equetions
when interacted with MALPF and in the two pooled regressions when interacted with PDR. Acreage
positively impacted the efficiency levelsfor MALPF parcesin the two county level equations, but not the
two pooled equations. In contrast to the rest of the sample, MALPF parcels were more likely to have

higher efficiency when close to the nearest town for the two county level equations and less likely to have
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higher efficiency when close to the nearest city for the TE county-level equation and the two pooled
regresson equations. The percent of crop land for MALPF parcels positively influenced efficiency in the
two pooled equations and the OE county-level equation. The percent of forest for MALPF parcels was
adgnificant explanatory variable for both the county-level equations and the OE pooled equation. Asthe
percent of forest increased, the level of efficiency decreased.

The regressions dso have other policy implications. Binary variables were included for PDR and
MALPF, with TDR being the reference program. The MALPF coefficients were significant in all
equations except the county-level OE equation. These coefficients had negative Sgns. Thus, by itsalf
MALPF has not achieved ahigher leve of efficiency than a TDR program; in fact, the intercept indicates
lower efficiency than exhibited by the TDR programs. However, many of the output characterigtics for
MALPF parcels do indicate a positive margina contribution to efficiency different from those of TDR
parcels. The coefficients on the PDR binary variable were not significant in any of the four equations.
The PDR program thus appears to be have no influence rdlative to the TDR program on the OE and TE
levels. Theinteraction variables were not much different—only the coefficients for PDR* Prime were
sgnificant in the pooled equations. However, likelihood ratio tests indicated that the set of coefficients for
the binary and interaction variables for PDR are significantly different from zero; 7 ‘s with ten degrees of
freedom ranged from 33.2 in the separate TE equation to 42.2 in the pooled TE equation.

A fina point concerns comparison of the state program, MALPF, to the county PDR and TDR
programs. The pooled anadyses dlowed a congderation of the efficiency of the parcelsif purchasesin dl
four counties were jointly analyzed. The pooled efficiency equations had many of the same results as
those for the separate analyses. However, the coefficients for parcel size, distance to town, and forest (in
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the TE equations) for the MALPF parcels were sgnificant in the county-level andysis but not the pooled
andyss. Thus MALPF was efficient in achieving these characteristics when compared to other parcels
within the same county but not when compared to parcels from other counties. Given that MALPFisa
date program, we would have expected the opposite results. The coefficients for prime soil and prime
soil for PDR parcels were sgnificant in the pooled equations but not the county-level equations. The
preservation programs were more efficient at enrolling parces with prime soils at the aggregate leve than
they were at the county-level. Perhaps soils are more homogenous within a county than between
counties.

VI. CONCLUSIONS

The efficiency of agricultura land preservation programsincluding PDR, TDR, and the Sate
program, MALPF, isevaluated. These programs set goas of maximizing the number of acres preserved,
preserving productive farms, preserving contiguous farms, and preserving parcels most threatened by
development pressure. These god's were considered mulltiple outputs for evaluation of technical efficiency
(TE) and overdl efficiency (OE) of the preserved parcelsin a Farrell efficiency andyss. These andyses
were conducted separately for the four Maryland counties studied and for a pooled sample of al the
preserved parcels.

The efficiency andysis determines whether a combination of less than one acre of other parcels
achievesthe same level of the outputs as obtained from the reference parcel. Leves of both TE and OE
were quite high with more than 20% considered efficient: i.e., no other parcels exist that could be
combined to achieve the same leved of characterigtics for lessthan an acre. A larger percentage of the
parcels had an efficiency higher than 0.80, i.e. the level of outputs could be duplicated with only 80% of
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an acre by combining other parcels. The mean leve of efficiency was greater than 0.60 in dl the counties.
Thishigh levd of efficiency indicates that the programs have been able to make trade-offs between the
various characterigtics of the preserved parcels. For example, an efficient parcel with a high percentage
of crop land may be more distant from the urban center when compared to an efficient parcel close to the
urban center but with alow percentage of crop land.

Some counties appear to have fewer inefficient parcels, indicating that they have made better
trade-offs among the relevant characteristics. Carroll and Howard counties have mean TE and OE
greater than 0.8. They dso have nearly 40% of the parcels being overal efficient, with no more than
7.6% of the parcels having an efficiency measure less than 0.50. These counties also had a higher level of
OE than TE. Thus, some of the parcels preserved in these counties did not have as desirable a set of
characteristics but their per acre easement purchase price was lower than the price for other parcels.
These counties appeared to trade off alower purchase price and parce characteristicswell. Howard
County had a PDR program, and Carroll County had 100% participation in MALPF. In contrast, the
presarvation in Montgomery and Calvert counties emphasized TDR programs. In the former two
counties, program administrators explicitly considered parcel characteristics when sdecting among the
parcels that |landowners offered to preserve. In contrast, developers who purchased the TDRs did not
care about parcel characterigtics, preferring to purchase the least expensive development rights. In this
Stuation, the market solution was not as efficient in preserving desirable parcels as the tax payer financed
programs. TDR programs may decide to cost-share with developersif the parcel achieves some leve of
the desirable characteristics in order to increase the efficiency of parcels selected.

Tabulation of pogitive shadow vaues alowed congderation of the limiting characterigticsin
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determining efficiency of the parcels. Number of acres, percent of prime soil, and percent of crop land
tended to have the most positive shadow valuesin al the analyses. Number of acres had the most
shadow vauesin Cavert and Montgomery counties, which focused on TDR programs, while the quaity
variables had higher values in the other two counties. The other two gods of the programs-threset of
development modeled as distance from urban areas, and contiguousness to other preserved parcels
modeled as distance to nearest preserved parcel— did not have as many postive shadow vaues as the
maximum acres and productive farms goas. Possble explanations include that the programs do not give
as much attention to these goas, many parcels have smilar vaues of these variables, and/or variablesin
the analysis do not proxy these goals well. In addition, parcels closer to urban centers could have chosen
not to participate in the preservation programs, or the purchase price of the easement could have been
too high to sdect the parcel for preservation.

Regressions were estimated for the efficiency measures with the land characterigtics, program
participation, and year preserved as independent variables. The equations aso incorporated dope
variablesfor PDR and MALPF programs with TDR variables being excluded. Except for percent of
prime soil in the OE equations, the coefficients on acres, percent of crop land, and percent of prime soil
were not significant overal, athough the shadow va ue tabulations suggested they would be. In contrast,
proximity to the city was positively related to efficiency. For MALPF parcels, prime soil was positively
related to efficiency for dl the equations, crop land in dl the equations except the county-level TE
equation, and acres was positively related in both TE equations. Percent of prime soil was aso positively
related to OE for PDR parcels. The regression analysis suggests that MALPF parcel characteristics have

amargindly different contribution to efficiency than the other parcels. Overdl, dl the gods except
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contiguous parcels are positively related to efficiency for MALPF parcels.

The pooled andysis had the purpose of evauating efficiency of parce decisons at the county
level compared to efficiency of the four counties andyzed jointly. While the pooled andysis had fewer
parcas with an efficiency leve of 1.0, mean levels of efficiency were Smilar to the county andyses.
Similar characteristics dso had the most positive shadow vaues; distance to other parcels was more
limiting in the aggregate andysis (except for Howard). The regression results for the pooled andyses
were also Smilar to the separate analyses; therefore it appears that programs operated &t the State level
and a the county level are able to achieve efficiency under non-local conditions. Based on these results,
the decentralized county programs seem to be as efficient asif each program were jointly administered.

Most farmland preservation programs seek to preserve more than acreage, yet often number of
acresisthe only measure available. The nation’stop 12 loca farmland preservation programs are ranked
by the number of acres preserved (Bowers, 2000). It isinteresting to note that three of the countiesin
our sample have added additiona programs to achieve the full range of gods. Even though Montgomery
County had preserved 49,000 acres with a TDR program &t little cost to the county government, it added
aPDR program funded by tax dollars when it recognized that some of its program goas were not being
redized. Montgomery County’s PDR program purchases easements on parcels that usualy border urban
areas and determines the price with a point system based on characterigtics. Like Montgomery County,
Cavert County redlized that some of its goals were not being achieved and has just introduced a new
program to pay a premium for farmland closer to towns and urban center. On the other hand, Howard
County has purchased many desirable parcels but in recent years has purchased few easements due to
budget congtraints. A recent $15 million bond issues is expected to preserve about 2,500 acres

24



(Bowers, 2000) but to achieve its acreage god it needed a new mechanism. Therefore, Howard County
introduced a TDR program to exchange density between parcelsin hopes of increasing the number of
preserved acres.

Counties may choose to use TDR programs because they do not have a government budget
condraint, but they may have different distributional consequences than PDR programs. Taxpayers fund
PDR purchases through a variety of different taxes. In contrast, developers pay for TDRs and may pass
on the cogt to purchasers of new houses. In addition, the neighbors in these growth areas who
experience higher density may find a decrease in their perceived qudity of life. Therefore, the costs of the
TDR program are paid not only by the developers but also housing consumers. Unless the preserved
land is contiguous to the new homes, al taxpayers seem to receive benefits from the land preservation
program. Oftentimes these distributional consegquences are not explicitly considered in decisions about
which program to initiate. Future research is planned to eva uate these distributiona conseguences of
PDR and TDR programs to better inform policy makers.

As mogt public programs do have multiple objectives, the Farrdll efficiency framework could also
be useful for evauation of other public programs. Severd characterigtics of the approach add to its
usefulness. The TE analysis focuses on gods without congdering costs, while the OE andlyss permits the
incluson of codt. If the outputs or gods have prices, one could dso conduct an economic efficiency
approach, which considers the trade-offs between the values of the outputs. We were not able to do an
economic efficiency analyss because our outputs had no market prices to attach. Another advantage of
this gpproach is that one is not forced to assume a functiond form to estimate efficiency. In addition, no
exogenous leve of efficiency needs to be specified; rather the parcels can be compared one with another,
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I.e.,, one looks at the actud results of the program rather than the possible results. The distribution of
efficiency levels among the units of andyss dso permits a measure of success for programsin achieving
their objectives, which is particularly useful if severd programs have the same objectives. Findly, the
andysis identifies which objectives are being emphasized in the operation of the program. Such andyss
can therefore identify which goas are important for program modification or recognize that operationaly
these objectives are not asimportant. This information can dso help policymakers establishing new

programs to understand how each indtitutional structure may impact the trade-offs.
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TABLE 1.

NUMBER OF ACRES PRESERVED BY COUNTY AND PROGRAM (2000)

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

Source: Bowers Publishing, Farmland Preservation Report, Greg Bowen, Calvert County Office of

Planning and Zoning
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STATISTICS OF ANALYSISVARIABLESBY COUNTIESAND BY THE WHOLE DATA SET

TABLE 2.

Vaiable Name All Cavert Carrall Howard Montgomery
Number of 1005 123 240 159 483
Observations

Percent of TDR 49 64 0 0 85
Parcds

Percent of PDR 23 32 0 81 13
Parces

Percent of State 30 20 100 19 2
Program Parcels

Average Acres per 87 81 103 101 75
Parcel

Average Year of 89 90 87 88 89
Preservation

Average % of Prime 46 43 39 82 38
Soil per Parce

Average % of 55 36 69 64 49
Cropland per Parcel

Average % of Pasture 15 2 14 11 19
per Parcel

Average % of Forest 25 54 12 20 24
per Parcel

Average Metersto 4327 5343 5083 2838 4184
Nearest City

Average Metersto 531 610 535 452 534
Nearest Town

Average Metersto 521 592 606 549 451
Nearest Preserved
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Parcel
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TABLE 3.

PERCENT OF PRESERVED PARCELSWITH DIFFERENT LEVELS OF TECHNICAL AND OVERALL EFHCIENCY

Cavert Carroll Howard Montgomery All Counties
Efficency TE OE TE OE TE OE TE OE TE OE
Leve

1.0 21.2 26.9 26.7 40.0 24.7 38.7 28.5 30.4 8.9 10.80
.9010.99 8.1 49 214 10.7 279 234 10.5 9.2 22.6 20.70
.8010.89 5.7 5.6 14.9 13.2 20.2 16.4 10.3 9.7 151 15.70
.70t0 .79 9.8 8.2 13.2 13.2 17.8 7.6 8.3 8.5 11.2 10.90
5010 .69 21.1 211 16.2 15.7 5.0 10.2 134 13.2 18.7 18.30
2510 .49 18.7 17.9 55 5.1 3.8 31 14.0 14.0 124 12.80
Oto.24 154 154 21 21 0.6 0.6 15.0 15.0 111 10.80




TABLE 4

PERCENT OF POSITIVE SHADOW VALUES FOR PARCEL CHARACTERISTICSBY COUNTY

AND TECHNICAL AND OVERALL EFHCIENCY

Cavert Caroll Howard Montgomery All Counties
Output TE OE TE OE TE OE TE OE TE OE
Acresof Land 855 84.7 62.3 61.0 63.5 57.9 70.8 70.4 64.8 65.1
Percent Prime Soils 55.6 53.2 51.7 53.4 72.3 66.0 43.0 43.8 48.0 47.7
Percent Pasture 492 49.2 23.7 216 28.9 27.7 11.7 12.3 215 234
Percent Crop Land 411 427 75.0 75.0 38.4 40.3 60.7 61.1 58.8 57.8
Percent Forestland 8.1 8.1 15.3 16.9 36.5 34.0 185 17.3 28.6 28.8
Distance to Town 13.7  17.7 26.3 25.0 16.4 27.0 17.1 16.0 14.0 13.6
Distance to City 7.3 8.9 34.7 15.3 10.7 20.1 7.6 7.6 49 4.2
Dist. to Preserved 214 210 18.6 22.5 44.0 32.7 14.2 16.7 42.4 42.1

Parceds
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TABLES.

TOBIT REGRESSION RESULTS FOR SEPARATE AND POOLED ANALY SES OF

TECHNICAL AND OVERALL EFFICIENCY OF AGRICULTURAL LAND PRESERVATION

PROGRAMSIN MARYLAND?

Technicd Efficiency Ovedl Efficency
VaridbleP Separate Pooled Separate Pooled
I ntercept 0.91*** 0.87*** 0.93*** 0.88***
(0.12) (0.099) (0.13) (0.10)
Y ear Purchased -0.0078* -0.0061* -0.010** -0.0059
(0.0036) (0.0030) (0.0039) (0.0031)
PDR Dummy -0.27 -0.17 -0.13 -0.18
(0.25) (0.22) (0.28) (0.22)
MALPF Dummy -0.46* -0.65*** -0.35 -0.48*
(0.22) (0.18) (0.25) (0.19)
Acresin Parcel 0.00029 0.00025 0.00034 0.00026
(0.00018) (0.00015) (0.00020) (0.00016)
Distance to Town -1.52** -1.20** -1.85%* -1.15*
(0.54) (0.45) (0.59) (0.46)
Digtance to City 0.51** 0.62*** 0.50* 0.64***
(0.19) (0.16) (0.21) (0.17)
Digtance to Nearest 0.79 0.69 0.88 0.70
Preserved Parcel (0.60) (0.51) (0.65) (0.52)
Percent of Prime Sail 0.074 0.070* 0.078 0.073*
(0.038) (0.032) (0.041) (0.033)
Percent of Crop Land 0.0084 0.21 0.0023 0.025
(0.087) (0.074) (0.094) (0.075)
Percent of Pasture Land 0.0092 -0.0078 0.018 -0.0092
(0.098) (0.082) (0.10) (0.084)
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Percent of Forest Land

MALPF*Acres

PDR*Acres

PDR*Y ear

MALPF*Y ear

PDR*Town

MALPFTown

MALPF Nearest

PDR* Nearest

MALPF*City

PDR*City

MALPF*Cropland

PDR* Cropland

MALPF*Prime

Technica Efficiency Overd| Efficency
0.054* 0.034 0.051 0.030
(0.093) (0.079) (0.10) (0.080)
0.0010** 0.00043 0.0010** 0.00052
(0.00035) (0.00027) (0.00039) (0.00028)
0.000011 -0.000040 0.00014 -0.000051
(0.00036) (0.00030) (0.00040) (0.00030)
0.0082 0.0036 0.0040 0.0050
(0.0084) (0.0071) (0.0093) (0.0073)
0.0092 0.0036 0.0083 0.0031
(0.0056) (0.0046) (0.0061) (0.0047)
154 1.08 2.24 1.22
(1.05) (0.89) (1.15) (0.91)
2.12* 1.37 2.63* 1.37
(1.01) (0.83) (112 (0.85)
-0.62 -0.10 -0.72 -0.12
(0.79) (0.65) (0.86) (0.66)
-0.31 -0.0067 -0.25 0.72
(0.85) (0.72) (0.92) (0.74)
-0.65* -0.74** -0.41 -0.76**
(0.28) (0.23) (0.31) (0.24)
-0.29 -0.16 -0.27 -0.17
(0.27) (0.23) (0.30) (0.24)
0.32 0.52*** 0.39* 0.35*
(0.18) (0.15) (0.19) (0.15)
0.23 0.23 0.21 0.23
(0.22) (0.19) (0.24) (0.19)
0.32%** 0.20%** 0.34*** 0.19***
(0.069) (0.057) (0.076) (0.058)
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Technica Efficiency Overd| Efficency

PDR*Prime 0.14 0.13* 0.14 0.14*
(0.074) (0.062) (0.080) (0.064)
MAL PF* Pasture 0.34 0.0097 0.38 0.18
(0.19) (0.16) (0.21) (0.16)
PDR*Pasture -0.21 -0.24 -0.18 -0.24
(0.25) (0.21) (0.27) (0.21)
MAL PF* Forest 0.45* 0.13 0.44* 0.33*
(0.19) (0.16) (0.20) (0.16)
PDR* Forest 0.15 0.13 0.20 0.14
(0.23) (0.20) (0.26) (0.20)
Scde 0.30% ** 0.26%** 0.32+** 0.26%**
(0.0078) (0.0061) (0.0088) (0.0063)
Log Likelihood Vaue -339.92 -138.26 -417.02 -172.46

dStandard errors of the coefficient appear in parentheses below the parameters.

*The dope dummy variables are labeed with the intercgpt dummy—shortened name of continuous
variable.

" Indicates asymptotic sSignificance at the .05 level ™ Indicates asymptotic significance at the .01
level *** Indicates asymptotic Sgnificance a the .001 level
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Footnotes

1 However, if taxpayers support these programs to preserve open-space and wildlife
habitat, preserving land in forest and pasture would be desirable. These land uses however tend
to purchase fewer inputs per acre and may generate lower annua receiptsin the locd farm

economy.

2.Some of the TDR have been sold as part of the County PDR program however the acre are reported
inthistable as TDR acres. Greg Bowen of Cavert Office of Planning and Zoning estimates that 2,500

acres of the TDR total have been preserved under the Calvert PDR program
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Technical Efficiency Measure

Figure 1. Cumulative Distribution of Technical Efficiency Measures by
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Overall Efficiency Measure
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Figure 2. Cumulative Distribution of Overall Efficiency Measures by County
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