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1 Introduction

There are numerous examples of conflicts between different agricultural practices. In California,

examples in recent years include conflicts between Northern Central Valley rice and cotton produc-

ers due to the use of pheonoxy herbicides, conflicts between cotton and olive producers related to

the spread of verticillium wilt, the need for coordination between hybrid seed producers to prevent

cross-pollination, and conflicts between certified organic and conventional agricultural producers

(Parker, 2000). Potential conflicts may influence grower location decisions, crops grown, and pro-

duction practices. These distance-dependent conflicts can be clasified as “edge-effect externalites”–

spatial externalities whose marginal impacts decrease as distance from the border generating the

negative impact increases. When edge-effect externalities (EEE) are present, in theory, both the

amount of land in each use and the arrangement of production sites influence the economic efficiency

of land use (Parker, 2004). Specifically, in parallel with results related to ecological edge effects ,

landscape productivity will decrease non-linearly with landscape fragmentation (Kapos et al., 1997;

Parker and Meretsky, 2004). This result implies that free market land use patterns may not be

socially efficient, and that policy interventions designed to encourage development of efficient land

use patterns may be called for. Although these interventions are theoretically justified, in practical

terms, they may only be needed if these spatial externalities constitute an economically significant

cost for affected growers. Thus, a policy response is justified only if these conflicts can be shown

to have a significant influence on the locations and patterns of production of affected agricultural

producers.

Of the many examples mentioned, one of the most policy relevant may be the case of poten-

tial conflicts between organic and conventional agricultural producers. Both demand for organic

products and their domestic production, particulary in California, have been steadily increasing

in recent years. In addition, since adoption of the new national organic standards, all producers

using the term “organic” are required to have their production practices certified by an external

certification agency. Previously uncertified land must undergo a three-year transition period with

annual inspections during which organic production practices are used, before its agricultural prod-

ucts can be labeled as organic. Thus, organic certification represents a significant investment in a

given piece of land.
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Certification requires that an organic grower’s production site be free from potential contam-

ination by prohibited materials. One of the most probable sources of contamination comes from

spatial spillovers from surrounding land uses, including drift of prohibited chemicals or possible

cross-pollination with genetically modified crops.1 Therefore, in cases where an inspector deter-

mines that contamination is possible from a neighboring use, the organic producer is required to

leave a twenty-five foot buffer zone between the edge of his certified production site and the neigh-

boring land use. Thus, a certified organic growers average cost of production is increased when

borders are shared with an incompatible land use, since the grower losses potentially productive

land to buffer zones.

Organic growers may also incur production losses when located next to conventional production

sites due to incompatible production practices.2 Growers may have difficulties maintaining popula-

tions of beneficial insects at borders with conventional farms (Capay Valley Organic Growers, 1996)

and managing pest migrations from surrounding conventional farms. Thus, they are potentially

impacted by edge-effect externalities that would increase their costs of production even absent a

buffer zone requirement.

Organic growers may also benefit from being close to other organic growers for reasons aside from

EEE, such as sharing of information, expertise, and processing infrastructure. Neighboring organic

farmers may share specialized expertise and equipment, and therefore having organic neighbors

may increase a grower’s chances of succeeding at organic farming. Neighboring farms may also

cooperate with respect to markeing, such as through a cooperative CSA (community supported

agriculture). With many local organic neighbors, conventional neighbors may be more familiar

with the requirements for organic farming, and as a result, fewer conflicts may occur. Conventional

growers with successful organic neighbors may decide to emulate their success and therefore might

be more likely to transition to organic production.

This paper tests the hypothesis that these potential spatial externalities impact the locations and

patterns of production of certified organic farming operations. The goals of this exercise are twofold.

The first is to argue that negative edge-effect externalities are an economically significant cost for

1Growers are required to conduct periodic soil tests, and pesticide sales are carefully monitored and regulated in
California, so the probability that an individual grower would use prohibited materiels on his or her own land is low.

2Conventional producers may also incur such losses when located next to organic farms.
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organic growers. The second is to examine whether significant spatial clustering of organic growers

exists, independent from immediate border effects. An affirmative anwer to both questions would

suggest that policies that encourage development of organic production regions may be called for.

Using a sample of certified organic and comperable non-certified organic agricultural parcels in 1997

from Yolo county, CA., we use a variety of spatial statistical techniques to test these hypotheses.

Landscape and areal spatial statistics reflecting parcel area, shape, contiguity, concentration, and

clustering are examined to initially test for both nearest-neighbor effects of EEE and broader-

scale spatial clustering. These test motivate estimation of two limited dependent variable spatial

econometric models that test for differences between certified organic and non-certified organic

agricultural parcels in neighboring land uses and parcel geometry. We find significant evidence to

support both avoidance of EEE and broader-scale spatial clusting of certified organic producers.

The paper proceeds as follow. First, strategies for measurement of the effects of EEE and the

potential implications of the results are discussed. Second, relevant literature is briefly reviewed.

Third, data and sampling methods are discussed. Fourth, a series of landscape and areal statistics

are presented, their theoretical implications related to spatial externalities are discussed, and their

values are analyzed for our sample. Following these statistics, results from two spatial econometric

models are presented. We conclude with analysis of the overall results and suggestions for improving

the econometrics model.

2 Empirical Implementation of Edge-Effect Externalities

2.1 Measuring Edge Effect Externalities

As mentioned above, when EEE are present, landscape productivity will decrease non-linearly with

landscape fragmentation. The concept of landscape fragmentation can be broad and difficult to

define. In the case of edge effects, however, the concept has a concrete definition. Specifically, a

landscape pattern with the fewest borders shared with an incompatible use for a given area will be

most efficient, and landscape productivity will decrease non-linearly as the ratio of incompatible

borders to total landscape area increases. Incompatible border per unit area, then, is a broad

empirical measure of the impact of edge effects. This broad measure of potential edge effects

has been recognized for some time by ecologists, and provides a useful summary measure for the
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landscape efficiency of a given parcel. However, the broad measure of edge per unit area varies

according to several geographic dimensions, some related to geometry of individual parcels and

others related to landscape relationships between parcels. At an individual parcel level, these

dimensions include parcel size and shape. At a landscape level, they include parcel contiguity and

the distribution of land area between parcels.

The relatively abstract measure of incompatible border per unit area translates into concrete

terms in the case of certified organic growers, since the costs of spatial spillovers can be proxied

through land area in required buffer zones. For certified organic growers, costs due to buffer

zones will increase as the proportion of their production land in mandatory buffer zones increases.

Therefore, land in buffer zones as a percentage of total land area is a broad empirical measure of

the impact of edge-effect externalities on organic production sites. This broad empirical measure

is sufficient to test the hypothesis that organic parcels differ from non-organic parcels in a manner

consistent with avoidance of edge-effect externalities. However, a breakdown of these differences

along the possible dimensions of fragmentation in the case of organic farms may reveal policy-

relevant information. Is organic production concentrated in relatively few large contiguous parcels,

even if many non-contiguous parcels exist? Are organic parcels likely to be located next to other

organic parcels? Do organic farmers avoid buffer zone losses by farming larger parcels than non-

organic farms, implying that the optimal scale for an organic farm may be larger than for a non-

organic farm? Are organic parcels inherently less “edgy” than non-organic parcels?

Measures related to total border per unit area provide an incomplete description of the potential

costs related to buffer zones incurred by the organic grower. A parcel with a high border per unit

area ratio may not lose any production land to buffer zones if surrounding land uses do not pose a

threat to the integrity of organic production. Therefore, a parcel bordering natural areas, another

organic farm, or roadways which provide sufficient buffers from neighboring uses may be particularly

attractive to organic growers. This possibility raises additional policy-relevant questions related to

organic parcels. Is an organic parcel more likely to border a potentially compatible land use? If

so, how much do surrounding land uses contribute to lower potential costs from buffer zones on

organic parcels?
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2.2 The Geography of Market Failure

Inherent in this analysis of organic landscapes is the question of whether parcel geography reflects

both individual and cooperative cost-minimization with respect to buffer zones. On an individual

basis, an organic grower has the ability to minimize buffer costs through geographically concentrat-

ing farm production, farming parcels with a low ratio of border per unit area, locating next to other

non-organic but compatible land uses, and obtaining the cooperation of neighboring conventional

farms in avoiding drift. However, the potential for returns to cooperation between organic growers

exists as well. When organic growers farm parcels next to those farmed by other organic growers,

each grower gains the benefits of a border where no buffer zone is required. Thus, there are poten-

tial positive externalities between growers that can only be captured though spatial clustering of

organic farms. In addition, as discussed above, benefits from shared information, experience, and

resources may lead to external scale economies between growers.

The question addressed by this paper is not simply whether spatial spillovers from conventional

to organic farms exist. Due to the imposition and enforcement of mandatory buffer zones, these

costs are concrete and documented. Rather, the paper attempts to answer two interlinked questions

related to geographic aspects of market failure. The first question is whether costs related to buffer

zones are sufficiently high to influence location and production decisions of individual organic grow-

ers. The second question is whether the potential positive externalities between organic growers,

both those induced by the existence of negative spillovers from conventional to organic growers

and those due to external scale economies, have led to the development of economically efficient

clustering of separate organic farms. The answer to this question may suggest whether external

policy interventions related to whole-landscape planning for zones of both organic and conventional

production are indicated.

3 Spatial Information in land use models

The use of spatially explicit information in agricultural economics research is a new but quickly

developing methodology. Land-use modeling is one important area in which spatially explicit models

have been sucessfully developed. Spatial information is often derived using Geographic Information

Systems technology (GIS), a computerized system which can both represent and analyze spatial
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data. For the most part, the goal of recent empirical studies which utilize information on spatial

relationships has been to use economic and physical information to predict land use. Often, land

use transitions have been the focus. The general approach of these papers has been to generate

variables reflecting spatial relationships using a GIS. These variables then serve, along with other

relevant information, as explanatory variables in a limited dependent variable model. The goal is

to model how each factor contributes to the probability of finding land in a particular use. The

degree of disaggregation of land uses and use of spatial information varies with the studies. Two

excellent reviews of recent research in this area are provided by Nelson and Geoghegan (2002) and

Bell and Irwin (2002). Most closely related to this paper are two research projects that specifically

test for negative effects of surrounding land use on property values. Palmquist et al. (1997) use

a hedonic model to estimate the price gradient of residential property values as a function of

distance from hog operations, a source of substantial negative externalities. They find statistically

significant increases in property values as distance to the hog operations increases. Bockstael et

al. (Bockstael, 1996; Geoghegan et al., 1996, 1997; Irwin and Bockstael, 2002) have published a

number of excellent papers that test for influences of surrounding land uses on property values and

the probability of conversion of undeveloped land. Through these spatial variables, their model

explicitly tests for the influence of positive and negative spatial externalities on property values.

Consistent with expectations, they have found that land values and conversion probabilites increase

with the proportion of surrounding open space and pasture and decrease with the proportion in

cropland and the length of incompatible edges. Leggett and Bockstael (2000), utilizing the same GIS

model, link localized variations in water quality to their negative impacts on residential property

values. Bockstael and her colleagues have begun to consider the impacts of landscape pattern on

property values and have analyzed the impact of some landscape ecology statistics such as fractal

dimension on property values (Geoghegan et al., 1996, 1997). However, they have not developed

explicit theoretical predictions as to the impact of landscape pattern on property values.

This paper contributes to the developing literature on empirical economic spatial analysis in

two important aspects. First, this particular empirical application offers promise for isolating and

measuring impacts of negative externalities. In urban and residential settings, any one property

is most likely influenced by a high number of surrounding land uses. In the agricultural setting

examined in this paper, given that parcel sizes are large relative to the dispersal radius of poten-
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tial negative externalities, few surrounding uses potentially impact a particular parcel. Further,

estimation of property value impacts requires the use of hedonic techniques. In order for hedonic

estimates to correctly reflect the impact of surrounding land uses, all other relevant influences must

be controlled for. In this study, externality impacts can be measured directly through examination

of buffer zone requirements. Second, this paper is the first to include variables reflecting landscape

pattern that are explicitly derived from a theoretical economic framework. Finally, in addition to

estimating a standard spatial econometric model, we demonstrate the application of a number of

other spatial statistics potentially very useful to ag economists for diagnosing and understanding

spatial dependence in their data.

4 Data and Sampling Methods

In this study, the farms described as “organic” are those in Yolo county who were certified organic by

California Certified Organic Farmers (CCOF) in 1997. While currently all growers using the organic

label are required to be certified, at the time of data collection, California growers were allowed to

use the organic label if they registered with the state, but they were not required to be certified.

However, many growers chose to have their production processes certified by an external certification

agency. For growers marketing their products to retail outlets, to food processors, and for export

markets, this certification was critical in order to obtain price premia. The certification process aims

to verify that growing practices are in compliance with state organic standards. The majority of

organic acreage in California during the study period was certified organic, and California Certified

Organic Farmers was a major organic certifier. In 1994, 80% of the acreage representing 90% of

total organic sales were certified. Of the certified acreage, 80% was certified by CCOF (Klonsky

and Tourte, 1995). However, it is important to note that many farms that were operating under

organic production practices and selling their produce as organic will have been included in the

“non-CCOF” sample in this study. This implies that the results of this study represent a lower

bound of clustering of organic farms in this region.

Spatial data for paper been computed from a GIS constructed for this study developed by Parker

(2000). This GIS includes maps of all agricultural parcels for Yolo in California’s Sacramento Valley.

These base layer parcel maps were obtained from California’s Department of Water Resources

7



(DWR). The DWR base parcel layers report detailed information on crop types, breaking down

possible crops into a total of eight primary codes and seventy six secondary codes. These layers

are created by digitizing ariel photographs and are extensively ground truthed. The Yolo county

coverage contains 4308 agricultural parcels representing 61 secondary codes. Locations and parcel

boundaries of organic farms certified by California Certified Organic Farmers were added to the

base parcel maps. Certification records containing information on parcel locations, surrounding land

uses, and buffer zone requirements were obtained via a research agreement with CCOF According

to the terms of this agreement, locations and parcel boundaries of individual farms, as well as

crop varieties, numbers of CCOF parcels, and acreage totals by county must remain confidential.

Therefore, no maps of the organic landscape or explicit figures on parcel size or crops grown are

included in this study, and sample sizes and degrees of freedom are not reported. Data verification

between the DWR coverages and the CCOF records indicated a high level of concurence between

the two sources.

In instances where organic parcel boundaries did not appear on the base parcel maps, digitized

copies of county assessors’ maps were used to create parcel boundaries. STATSGO soil maps and re-

lated attribute data produced by the Natural Resource Conservation Service were used to determine

soil capability class codes. Soil class definitions are available from the Natural Resource Conserva-

tion Service (USDA, 2000). Map coverages from TIGER and California’s TEALE data center were

also used to pinpoint locations of organic farms via street addresses and section-township-range

codes.

A cross-sectional sample of comparison parcels was selected by first identifying soil classes for the

organic parcels. A list of unique combinations of soils classes and D.W.R. secondary land use codes

for crops grown was then constructed, excluding farmsteads and natural vegetation occurring on

certified organic land. Non-CCOF parcels sharing the same combination of soil class and secondary

crop classification were then selected as a comparison group.3

Buffer zone requirements for organic growers were instituted in 1990 after the passage of the

California Organic Foods act. Since that time, some growers have left organic certification due

to conflicts with neighboring land uses, and others have relocated to more protected locations.

3In some cases, soil class and crop combinations occurring for CCOF parcels were not represented in the cross-
sectional sample. These CCOF parcels for these classes were excluded from the sample used for this paper.
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These changes have occurred over a period of years, as growers and certifiers have become aware of

potential conflicts and have attempted to remedy them. Further, many growers may initially have

required buffers on many of their borders, but over time, they have forged agreements with neighbors

so that buffer zones are not required (see Parker (2000) for further details). The process of landscape

change with response to buffers, then, moves slowly, and the organic landscape examined in this

study was most likely in transition towards equilibrium. It is therefore likely that the incidence of

buffers in these landscapes is higher and concentration of organic production lower than would be

seen in a landscape where complete adjustment to buffer requirements had occurred.

5 Landscape and Areal Statistics

As discussed above, a broad empirical measure of whether edge-effect externalities influence loca-

tions and production patterns of is found by comparing the ratio of land that would be required

to be in mandatory buffer zones between certified and non-certified organic parcels. This ratio

will vary both with parcel geometry and with the proportion of land surrounding the parcel in an

incompatible land use. A series of statistics reflecting parcel geometry and neighboring land uses

are presented below. The potential production impacts of variation in each geographic dimension

are illustrated by linking variations in parcel geography to percentage of area lost to buffer zones.

5.1 Parcel Geometry

The following examples illustrate the impacts of differences in parcel contiguity, parcel size, and

parcel shape under the assumption that buffers are required on all exposed borders4. This illustra-

tion outlines possible losses to buffer zones independent of the proportion of incompatible land uses

in the landscape. For several of these statistics, borders between contiguous parcels are dissolved

and statistics are calculated for the resulting larger parcels. These statistics illustrate the impacts

of geographic clustering of organic farms and reflect possible benefits from spatial agglomeration

of compatible land uses. For these examples, both parcels farmed by the same grower and parcels

farmed by separate growers are agglomerated. This aggregation unfortunately obscures some pos-

4Area concentration is an additional relevant geographic dimension, as discussed by Parker and Meretsky (2004).
Concentration results are reported by Parker (2000), but are not included here due to space constraints.
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sible insights regarding individual vs. cooperative spatial mitigation. If one large grower’s farm

consists of many small parcels, statistics may indicate that production is quite geographically con-

centrated, even though no coordination between growers has occurred. However, the aggregation

is necessary due to limits on data availability for non-organic farms. While each organic parcel can

be linked to the management of a particular grower, the non-organic parcels cannot be grouped by

farm manager.

Reporting of statistics at the level of contiguous CCOF parcels does address a potential problem

regarding the lack of farm-level data, however. If CCOF farms were simply more diversified than

non-CCOF farms in terms of crops grown in a given year, many of the statistics reported here

would indicate differences between the parcels. For instance, CCOF parcels would be both smaller

and would be more likely to border another CCOF parcel. However, differences between contiguous

clusters of CCOF parcels and individual non-CCOF parcels could not be due simply to a higher

level of crop diversity on CCOF farms. This comparison goes beyond a comparison of CCOF farms

to non-CCOF farms since it compares CCOF farms to non-CCOF parcels.

5.1.1 Parcel Contiguity

A simple measure of geographic dispersion of land uses is ratio of the number of parcels located

next to another parcel in a similar use relative to the total number of contiguous parcels. In Figure

1, different arrangements of four equal-area parcels are illustrated. The most efficient arrangement

of the parcels, in terms of land lost to buffer zones, is to have all four parcels grouped together.

As the number of separate clusters of parcels increases, a higher proportion of land is lost to buffer

zones. The least efficient arrangement of production is to have all parcels geographically dispersed.

Figure 1 provides an illustration of the potential for positive externalities between growers.

If the optimal scale for an organic grower is small, each of the four plots may be under separate

management. It would be most efficient for the parcels to be located next to one another. However,

due to potential for positive externalities between growers, this arrangement of land uses may not

occur in the free market (Parker, 1999). Further, these potential externalities are asymmetric. For

example, the grower in the Southeast corner of this production landscape would much prefer the

parcel configuration in the first panel to that in the third. Yet, the grower located at the Northwest

parcel in the cluster of growers in the first panel would be indifferent between that outcome and the
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least efficient outcome in the third panel. This Northwest grower is imposing positive externalities

on the Southeast grower by providing a protected border. More important, since damages from the

edge effects are spatially heterogeneous, benefits from spatial agglomeration are asymmetric. The

grower occupying the Southeast parcel receives highest benefits, followed by the growers occupying

the Northeast and Southwest parcels.

In order to compare parcel contiguity across the two groups while controlling for the fact

that non-CCOF farms dominate the sample, we use join count statistics (Cliff and Ord, 1981).

Because calculation of these statistics utilizes a spatial weights function (Anselin, 2002), we can

use the statistics to test for both nearest-neighbor and higher order contiguity. Spatial weighting

functions reflect the pricinples of Tobler’s law of geography: “Everything is related, but nearer

things more so.” We therefore expect that any type of spatial dependence will be subject to a

distance decay. Further, because any spatial data set has in principal NxN spatial relationships

and only N data points, it is always necessary to impose some sort of structure on the data in the

form of a spatial weighting function in order to estimate spatial relationships. Here, we employ

contiguity weights matrices, which are defined simply as wij = 1 if i and j are neighbors, and

wij = 0 otherwise. “Rook” contiguity implies that only neighbors to the N,S,E,W are included in

a nine-celled neighborhood, whereas “queen” contiguity includes all eight neighboring cells. The

order of contiguity refers to the radial distance over which the neighborhood is defined. First order

contiguity picks up only immediate neighbors, second order picks up the neighbors “once removed”

as well, and so on.5

From a visual inspection of our data set, it appears that the organic farms are clustered in space,

but they do not always share a common border. This empirical example presents an interesting

challenge for detecting or rejecting spatial dependence across the data set. First-order contiguity

measures might understate this clustering since proximate farms do not always share a common

border. Therefore, we also test second and third order contiguity matrices. Both rook and queen

contiguity are tested.

Join counts are defined as the number of times that units of one value (e.g., 1) are connected to

units of the same value and different values (e.g., 1 next to 1 and 1 next to 0). Conventionally, the

5Distance-decay weighting functions are an alternative approach.
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value of one (in areal or polygon data structure) is assigned the color Black or B, and the value of

one is assigned White or W. The test statistic calculates the number of occurrences BB, BW and

WW in the data set. It is important to note that a significant occurrence of either (BB, WW) or

BW implies some spatial dependence. In the first case, there is some attraction force across space;

in the second, the force is repellant. The statistics are calculated as:

BB =
1

2

∑

i

∑

j

wijxixj (1)

BW =
1

2

∑

i

∑

j

wij(xi − xj)
2 (2)

WW =
1

2

∑

i

∑

j

wij(1− xi)(1− xj) (3)

This test statistic can be compared either to the normal distribution, or to a random permuta-

tion approach, which is much more robust. In this case, the occurrences of each of the above three

cases (BB, BW and WW) in the data set are compared to the number of occurrences of each in a

spatially randomly resampling of the data set, using 999 permutations.

Table 1 reports the results of the join count test for both types of farms: organic and traditional.

For each type of farm (certified organic or conventional) the number of joins represents an incidence

of parcel to parcel contiguity. (In col. 2, BB represents CCOF near CCOF, and BW represents

CCOF next to non-CCOF.). The bold values indicate statistical significance of 95% (p less than or

equal to 0.05). The occurrence of CCOF farms next to other CCOF farms was highly significant

for all measures of contiguity. For first-order rook and queen contiguity, traditional farms appear

to be clustered, but not for higher order contiguity. Third order rook contiguity for CCOF farms

resulted in a much smaller number of neighbors (nearly half for both queen and rook third order),

indicating either that clusters are likely localized.

Statistical Tests All of the remaining statistics discussed in this section can be calculated on a

parcel by parcel basis. These results are based on data from two counties, Solano county in 1994

and Yolo county in 1997. Here, simple t-tests for differences between CCOF and non-CCOFparcels

are reported, assuming unequal variances between populations. Parker (2000) reports the same
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statistics using simple regressions that calculate conditional means for each parcel-level statistic,

controlling for crop type and soil classes. The results confirm the simple statistics reported here.

5.1.2 Parcel Size

Productivity of a landscape with losses due to edge effects will vary with the number of parcels per

unit area, or, equivalently, with average parcel size. Figure 2 illustrates this phenomenon. Holding

area fixed, as the number of parcels in the landscape increases, the proportion of borders to total

area and therefore the proportion of land lost to buffer zones increases.

Table 2 reports average parcel sizes for both counties. T-statistics and P-values for CCOF

parcels and contiguous parcels refer to tests of differences between the means for these groups and

the mean for the non-CCOF parcels. For instance, the t-statistic for the test that the average

CCOF parcel is smaller than the average comparison parcel is 26.0997, indicating that differences

are significant at the 99.99% level. To maintain confidentiality, sample sizes and degrees of freedom

are not reported for t-tests. Both simple t-tests and regressions indicate that average parcel size for

CCOF parcels is significantly smaller than for non-CCOF parcels. Regression estimates indicate

that the average CCOF parcel is smaller than the average non-CCOF parcel by approximately 20.02

hectares. This implies that in this dimension, CCOF parcels are significantly more vulnerable to

proportional losses of productive land from buffer zones. While clusters of contiguous CCOF farms

occupy much more area, these clusters of parcels are still significantly smaller than non-CCOF

individual parcels, meaning that in many cases, entire CCOF farms are smaller than individual

non-CCOF parcels.

On a parcel by parcel level, these results would also be consistent with a higher optimal level

of geographic diversity for organic farms. Geographic diversity may reduce risk for the organic

grower by creating an ecologically resilient landscape. It is also possible that diversity is beneficial

to growers from a marketing perspective. Many of these growers market their products at farmers

markets or through subscription agriculture, and in each of these cases, being able to offer a wide

range of products may provide a marketing advantage. However, a higher level of diversity per

acre is not a sufficient explanation for differences in size between contiguous CCOF parcels and

non-CCOF parcels. A possible explanation is that optimal scale for an organic farm is smaller than

for a conventional farm due to increased monitoring and labor demands.
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5.1.3 Parcel Shape

Parcel shape will impact potential losses due to edge effects. A shape which is most compact (a

shape with equal length sides for angled shapes and a circle for continuous shapes) will minimize

edge per unit area. In Figure 3, a square parcel shape minimizes losses from buffer zones. As the

parcel becomes longer and more narrow, holding area fixed, the proportion of land lost to buffer

zones increases.

Table 2 present results on average parcel compactness for the three parcel categories. The

statistic reported compare the perimeter to area ratio for each parcel to the value of the ratio for

a circular shape of the same area (McGarigal and Marks, 1994). At the individual parcel level,

the statistic on parcel shape pi

2
√
πai

is compared between parcels.6 Both simple mean comparisons

and regression results indicate that parcel shapes for CCOF parcels are more compact, indicating

that CCOF parcels are inherently less vulnerable in this dimension to losses from buffer zones.

Interestingly, contiguous clusters of CCOF parcels are less compact than individual parcels. This

result may be a reflection of slow transitions to organic production in many “mixed” (organic and

conventional) operations, which tend to occur on a parcel by parcel basis, implying irregularly

shaped organic parcels in the short run. Further, some areas of these two counties which may be

more attractive for organic farming contain odd-shaped parcels. These “edgy” parcels occur in

long, narrow valleys and often share borders with natural vegetation and waterways.

5.2 Neighboring Land Uses

In addition to parcel geometry, the total amount of land in mandatory buffers will depend on the

proportion of borders on which buffers are actually required. There are several ways in which CCOF

growers can avoid leaving buffer zones along a given border. If a buffer zone is not required on a given

border, for purposes of this paper, that border is referred to as “protected”. Figure 4 illustrates

potential sources of protected borders, using a single parcel and considering only neighboring land

uses directly sharing a border with the organic parcel. In the first panel, all neighboring uses

are incompatible uses, and buffers are required on all borders. In the second panel, two borders

6Parker has also used a landscape-level measure, area-weighted mean shape index, in previous work (Parker, 2000;
Parker and Meretsky, 2004).
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are shared with another CCOF farm and natural vegetation, and no buffers are required on these

borders. In the last panel, in addition to sharing two borders with non-incompatible uses, the grower

has negotiated agreements with neighboring conventional farms so that buffers are maintained on

the neighbor’s land. In the first case, the neighboring conventional grower has provided a written

statement that he will not use any prohibited substances within twenty-five feet of the border of

the CCOF parcel. In the second case, the organic grower has agreed to manage a twenty-five foot

buffer on the conventional neighbor’s land as organic. These last two cases, actual occurrences for

many CCOF farms, are consistent with the theoretical operation of a liability rule and Coasean

bargaining under edge-effect externalities, as discussed by Parker (2000). In the following examples,

statistics reflecting the first two cases are illustrated. The third example is discussed in detail in

Parker (2000).

The first case is a worst-case scenario regarding buffers. The second reflects estimated buffers

and, given data availability, is the only practical means of comparing land lost to buffers between

CCOF and non-CCOF parcels. Information on actual buffer zone requirements for CCOF farms

is contained in the CCOF inspectors’ reports and has been added to the GIS constructed for this

project. Since non-organic parcels haven’t been inspected, it is unknown exactly what buffer zones

would be required on these parcels. Therefore, the type of surrounding land use is used as a proxy

for the probable imposition of a mandatory buffer zone. This facilitates comparisons between

CCOF and non-CCOF parcels which reflect their potential vulnerability to buffer zones.7

5.2.1 Buffers on All Borders

In order to summarize the inherent vulnerability of parcels of each type and to provide a frame

of reference for statistics on estimated and actual buffer zones, buffer incidences are calculated

assuming that buffers are required on all borders. In Figure 4, panel 1, this statistic corresponds

to the proportion of light blue area to the light blue plus dark blue area. These statistics reflect

each parcel’s inherent vulnerability to losses of productive land, and will depend on parcel size and

shape. Descriptive statistics and simple tests of mean differences are reported in Table 2. CCOF

parcels are inherently more vulnerable to losses from buffer zones. The average CCOF parcel would

7While proximity to roads and waterways would increase the accuracy of this estimate, registration errors between
the land use, roads, and waterways coverages prevented the incorporation of these factors.
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lose 21.78% of its land to buffer zones, while the average non-ccof parcel would lose only 11.42%.

Regression results controlling for crop and soil type estimate that the average CCOF parcel would

lose 6.87% more land to buffers. This higher level of inherent vulnerability is most likely due to

the fact that the CCOF parcels are much smaller than non-CCOF parcels. Since buffer zones are

never required between CCOF parcels, the percentage of land potentially lost to buffer zones on the

outside borders of contiguous clusters of CCOF parcels is reported. Clusters of contiguous parcels

are inherently less vulnerable than individual parcels and are not statistically more vulnerable than

non-CCOF parcels, indicating that some benefits have been captured through concentration of

production.

5.2.2 Buffers with Incompatible Land uses

To create an empirical proxy for the imposition of a buffer zone requirement, a list of “compatible”

land uses was compiled, drawing from CCOF inspectors’ reports. The definition included parcels

in natural vegetation, natural riparian areas, natural waterways, pasture lands, fallow crop land,

and other CCOF farms. Two statistics are presented in Table 2. The first statistic report the

percentage of total land that would be lost to mandatory buffers if buffers were required on all

borders shared with incompatible land uses. In Figure 4, panel 2, this statistic again corresponds

to the proportion of light blue area to the light blue plus dark blue area. The second statistic

report the proportion of potential buffer land estimated to be in mandatory buffers. In Figure 4,

this statistic corresponds to the ratio of the buffer land in panel 2 to the buffer land in panel 1. This

statistic is independent of parcel size and shape, and reflects differences in parcel surroundings. It is

very similar to a normalized sum of the rook first-order contiguity weights matrix described above.

However, it accounts for compatible land uses beyond CCOF. Since buffers are never required

on internal borders with other CCOF parcels, the statistics for contiguous CCOF parcels reflect

only the protective influences of non-CCOF compatible land uses, such as natural vegetation and

waterways.

All statistics demonstrate that locating next to compatible land uses is an important source

of protected borders for CCOF farms. CCOF parcels lose a lower estimated percentage of their

land to buffer zones per parcel than would non-CCOF parcels. The average CCOF parcel would

lose an estimated 5.67% of its land to buffer zones, while the average non-CCOF parcel would lose
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8.42%. Regression estimates indicate that CCOF parcels lose around 4.9% less land to buffers.

In terms of the amount of land potentially in buffers zones (land within the buffer zone distance

of a border), CCOF farms are estimated to maintain buffers on around 30% of this land, while

non-CCOF parcels are estimated to maintain buffers on around 77%. These results are even more

striking in light of the inherent higher level of vulnerability of CCOF parcels to losses from buffer

zones described above.

6 Spatial Econometic Models

While the statistics presented in Section 5 indicate differences in parcel geometry and surrounding

land uses consistent with both avoidance of EEE and external scale economies, these statistics do

not account for both joint influences of these independent variables and probable spatial correlation.

In this region, many certified organic parcels are located in long, narrow valleys, where parcels tend

to be smaller, have less regular shapes, and border natural vegetation and riparian areas. Thus,

spatial correlation in errors terms is likely. This spatial error correlation (SEM) is basically a form

of heteroskdasticity, under which coefficient estimates are still consistent, but estimated standard

errors are inefficient (Anselin, 1988). The negative influence of mandatory buffer zone along borders

shared with incompatible land uses translates into hypothesized positive spatial autocorrelation

(SAR) between CCOF parcels, as the implication is that the probability of a particular parcel

being CCOF increases if the neighboring parcel is also CCOF. This problem is potentially more

serious from a statistical standpoint, as inclusion of a spatial lag variable without correction for

spatial autocorrelation implies biased coefficient estimates (Anselin, 1988).

While techniques for correcting for both forms of spatial correlation in contiuous dependent

variable models are now fairly well developed, and code for estimation is widely available, devel-

opment of techniqes and code for estimation of both SEM and SAR models for limited dependent

variables has lagged behind (Fleming, 2002, Forthcoming). However, since the study was first

conducted, substantial progress has been made. Recent developments are reviewd by Fleming

(Forthcoming). Here, we apply two non-linear generalized least squares estimators derived using

Generalized Methods of Moments techniques, as detailed in Fleming (Forthcoming). The first is

an SEM that provides consistent and efficient estimates of all model paramters. The second is

17



an SAR model that provides consistent and efficient estimates of the non-spatial variables, but in

which the significance of the spatial lag parameter cannot be assessed. Both models are estimated

using a first-order rook contiguity weights matrix. Thus, they measure only the nearest-neighbor

effects of shared borders between CCOF and non-CCOF parcels, but do not measure coarser-scale

spatial clustering. Both models represent a first step towards estimating the combined SE/SAR

model proposed in Parker (2000). While incomplete, the estimates from these models continue to

tell a consistent story of significant influence of parcel geometry and surrounding land uses on the

probability of finding a particular parcel in certified organic production. The dependent variable

for both models is equal to 1 if the parcel is CCOF, 0 otherwise. The independent variables are:

area: Parcel area from Section 5.1.2
shape: Parcel shape index from Secion 5.1.3
badbpot : The proportion of potential buffer land estimated to be in mandatory buffers

from Section 5.2.2
L1-L9 : Dummies for DWR primary agricultural classes (Row crops, truck crops,

orchards, etc.)

Because the “badbpot” variable is highly colinear with the spatial lag variable, this variable is

excluded from the SAR model. While we have information on soil capability class, models that

included this variable would not converge, so that variable was ommitted. In Table 3, we report

results from four models: 1) an aspatial GMM, including the “badbpot” variable; 2) an SE GMM

with the same specification; 3) an aspatial GMM, excluding the “badbpot” variable; and 4) an

SAR GMM, with “badbpot” excluded but a first-order spatial lag included.

The Kelejian-Prucha Moran’s I was computed for both GMM-aspatial model (Kelejian and

Prucha., 2001), resulting in values of 15.0211 for the model including “badbpot”, and 35.5945

for the model excluding this variable. These test indicate significant spatial correlation for both

models, as expected. Comparing the first GMM-Aspatial model to the GMM-SE model, we see

that in both models (caveats related to not controlling for SAR in mind), coefficient estimates

have the expected signs, and are statistically significant in both models. In the a-spatial model, as

discussed by Case (1992), failing to account for spatial error correlation results in overestimating

the influence of spatially correlated independent variables. As would be expected, when spatial

correlation in the errors is accounted for, the magnitude of the parameter estimates and their

significance is reduced. While the magnitude of the coefficient estimate for the variable reflecting
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nearest-neighbor relationships and its significance level cannot be considered statistically accurate,

the very high significance of this variable indicates a strong likely influence.

Comparing the second GMM-Aspatial model to the GMM-SAR model, we see that again,

the magnitude and significance of the spatial geometry variables is reduced, as expected. As well,

qualitative results related to the spatial lag parameter estimate, ρ, indicate is is likely to be positive

and significant. However, this variable is most likely picking up unmodeled error correlation as well

as the spatial autocorrelation, so its true magnitude and significance level are most likely lower.

It is interesting to note that in both models, when spatial correlation is accounted for, the “area”

variable becomes insignificant. This may indicate that an unmodeled factor, such as soils, may

have a greater influence on parcel area than whether or not a parcel is CCOF.

Model limitations and next steps While model results point to the importance of parcel

geometry and local surroundings on location of organic production sites, some limitations of the

current models must be acknowledged. As mentioned above, models would not converge when soil

variables were included. Because such models are very sensitive to the scaling of the independent

variables, it is possible that this problem could be overcome with rescaling of data. As well, a

proxy for soil type, such as a regional dummy, might be an alternative. Second, following the model

outlined in Parker (2000), the protective influences of natural areas are not specifically estimated

in this model. If a variable that measured the proportion of potential buffer zones borderd by

natural area were added, this influence could be estimated in the current framework. Because

natural areas are not included in the current model, inclusion of this variable would not induce

spatial autocorrelation, and the parameter estimate and its significance could be estimated using the

current GMM-SE model. Third, since these model use only first-order contiguity matrices, higher-

order spatial clustering indicating potential positive external scale economies cannot be assessed.

Estimation of models using the alternative spatial weights matrices discussed in Section 5.1.1 is an

area for further work.

The models presented here essentially take the proportion of certified and non-certified organic

agricultural production in the region as given, since they do not include variables reflecting the

differential profitability of organic and conventional agriculture. Such variables would be based on

the standard von Thünen framework that land is devoted to its highest valued use, accounting for
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travel costs to market, and would include both estimated returns from organic and conventional

production and travel costs to market locations. Cost data needed to construct profitabilty measures

for organic agriculture for this time period do not exist. Further, it seems unlikely that travel costs

would be a significant determinant of location at such a small scale. However, travel cost distances

could be estimated from the current data set.

The remaining limitations are statistical. Ideally, a combined SE/SAR model would be esti-

mated, using an estimation technique that provided a consistent and efficient estimate of the spatial

lag parameter. Such a model has not yet been developed. As described in Fleming (Forthcoming),

techniques for estimation of limited dependent variable SAR models have been developed. However,

these techniques are computationally intensive, and code for model estimation is not yet widely

available. Still, this approach is a logical next step.

7 Discussion and Conclusions

All of the analysis presented here provides evidence that finding a location protected from poten-

tially incompatible uses is an important factor for certified organic farmers. Parcels farmed by

certified growers, while inherently more vulnerable to proportional losses of productive land from

buffer zones than comparable non-certified organic parcels, appear quite protected from losses due

to buffer zones. On first glance this appears to be an optimistic finding. A positive interpretation is

that buffer zone regulations are not having substantial impacts on the economic viability of organic

production. A naive interpretation would be that externality impacts are mitigated through the

efforts of organic growers, implying that welfare losses due to the spatial externalities are negligible.

However, this optimistic interpretation fails to consider this case in the context of theoretical

results related to externalities in general and edge-effect externalities in particular. In theory,

market price distortions occur under externalities, with the result of too much production from

the externality-generation use occurring, and too little production occurring from the externality-

receiving use (Baumol and Oates, 1988). In the case of edge-effect externalities, this price distortion

takes a particular form. As demonstrated by Parker (2004), in a free-market outcome without

complete bargaining, the value of operating free from the externality found in a protected location

will be capitalized into the market rental rate of land. In this particular case, CCOF growers’ bids
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for protected location will be increased by the value of the damage avoided. These relatively higher

land rental rates for organic producers may push less efficient organic growers out of the certified

organic market. The loss of these growers reflects the lower production by the organic industry

theoretically expected under externalities. As well, the avoidance behavior of potential externality

damage demonstrated by CCOF farmers does not imply that market distortions due to externality

damage are reduced. Externality avoidance does not equal externality mitigation (Freeman, 1994;

Parker and Meretsky, 2004).

However, this avoidance behavior by CCOF growers may contribute to a relatively efficient land-

scape of organic farming. Parker (1999) demonstrated that under edge-effect externalities, while

the free market may lead to globally inefficient patterns of production, locally, parcel geometry will

be relatively efficient. More specifically, production may be dispersed among several geographically

isolated production sites, but production patterns may evolve which minimize incompatible borders

with incompatible uses at individual sites. This theoretical prediction appears to hold in the case

of CCOF farmers. Farmers do not appear to have captured gains from cooperation, since very few

CCOF farms share borders with other CCOF farms (Parker, 2000). Yet, individual farmers appear

to be very successful at avoiding losses of productive land from buffer zones.

The failure of CCOF farms to capture potential benefits from spatial agglomeration indicates

that policies which encourage the development of organic landscapes may be beneficial. Both cer-

tified organic producers and producers using conventional methods could potentially benefit from

a spatial arrangement of production which minimizes potential conflicts. As well, the extensive

evidence presented that certified organic farmers are spatially clustered both locally and regionally

indicates that organic growers may be more successful when surrounded by other organic grow-

ers. Precedents exist for such policies in California in cases where production process for two

crops are incompatible. For example, in 1997 in Glenn county, production of cotton was limited

to a particular zone of the county to protect existing olive trees from contamination by verticil-

lium wilt (Duckworth, 1997). Buffer zone regulations are also often imposed and enforced through

county agricultural commissions. In discussions with organic farmers regarding possible policies to

encourage the development of organic landscapes, growers have emphasized that successful poli-

cies, from their perspective, would be both flexible and voluntary. Possible policies might include

preferential tax structures for land in organic uses or subsidies to growers during the three-year
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transition period to establish organic certification.8

To evaluate growers’ potential response to such policies, a comprehensive empirical model de-

signed to predict factors which increase the probability of successful organic production is needed.

An ideal model would include local prices for both organic and conventional produce. The model

would also account for proximity to potential marketing outlets, such as metropolitan areas, lo-

cal farmers’ markets, and organic processing plants. Given increasing availability of data on the

economics of organic production, estimation of such a model may be possible in the near future.

8Transition subsidies are used in Sweden to encourage entry into the organic farming industry (Lohr and Salomon-
sson, 2000).
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Group CCOF Non-CCOF

Weights Matrix BB BW BB BW
Rook Contiguity 128 105 2524 832
2nd Order Rook 123 263 4337 1545
3rd Order Rook 69 342 4749 1938
Queen Contiguity 149 124 3005 909
2nd Order Queen 121 327 5191 1923
3rd Order Queen 58 423 5944 2433

Table 1: Join Count Results
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Statistic Group Mean S.D. t-stat P-value

Parcel size
CCOF Parcels 60836 85514 26.0997 0.0001
Contiguous CCOF Parcels 239289 382197 1.9733 0.0535
Comparison Group 344432 580046

Shape index
CCOF Parcels 1.287 0.226 4.3427 0.0001
Contiguous CCOF Parcels 1.302 0.172 2.3362 0.0229
Comparison Group 1.359 0.365

Pot. prop. land in buffers
CCOF Parcels 0.2178 0.1178 12.4602 0.0001
Contiguous CCOF Parcels 0.1246 0.0846 0.8907 0.3770
Comparison Group 0.1142 0.1006

Est. prop. land in buffers
CCOF Parcels 0.0567 0.0652 5.8406 0.0001
Contiguous CCOF 0.0840 0.0752 0.0194 0.9846
Comparison Group 0.0842 0.0850

Est. prop. buffer land in buffers
CCOF Parcels 0.2979 0.2730 24.2078 0.0001
Contiguous CCOF 0.6619 0.2924 2.6500 0.0106
Comparison Group 0.7691 0.2873

Table 2: Landscape statistic comparisons. T-stats and p-values relate to non-CCOF comparison
group.
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GMM - Aspatial, Prop. buffer zones included
Parameter Coeff Std t-stat p-val
area -4.121413 0.575139 -7.17 0.00
shape -0.850876 0.319658 -2.66 0.01
badbpot -2.172962 0.158883 -13.68 0.00
l1 2.447395 0.557659 4.39 0.00
l2 0.955408 0.428581 2.23 0.03
l3 1.351947 0.458106 2.95 0.00
l4 0.452794 0.5096 0.89 0.37
l5 0.300183 0.477957 0.63 0.53
l6 0.542005 0.456186 1.19 0.23
l7 2.345666 0.567362 4.13 0.00
l8 1.884382 0.437103 4.31 0.00
l9 1.203233 0.561965 2.14 0.03

GMM-SE, Prop. buffer zones included
Parameter Coeff Std t-stat p-val
area -0.316444 0.15851 -2 0.05
shape -1.37027 1.388373 -0.99 0.32
badbpot -1.940819 0.224882 -8.63 0.00
l1 1.058155 1.733083 0.61 0.54
l2 -0.559046 1.631073 -0.34 0.73
l3 -0.456308 1.641519 -0.28 0.78
l4 -1.166011 1.704624 -0.68 0.49
l5 -0.959376 1.677845 -0.57 0.57
l6 -0.960547 1.669384 -0.58 0.57
l7 -0.4516 1.13087 -0.4 0.69
l8 0.059356 1.690694 0.04 0.97
l9 -0.435259 1.71764 -0.25 0.80

GMM-Aspatial, Prop. buffer zones excluded
Parameter Coeff Std t-stat p-val
area -5.309751 0.671857 -7.9 0.00
shape -0.698551 0.261989 -2.67 0.01
l1 1.310273 0.480863 2.72 0.01
l2 -0.26773 0.349734 -0.77 0.44
l3 -0.131498 0.373996 -0.35 0.73
l4 -0.857201 0.408295 -2.1 0.04
l5 -0.478135 0.398099 -1.2 0.23
l6 -0.324551 0.368559 -0.88 0.38
l7 1.181706 0.478622 2.47 0.01
l8 0.458953 0.356201 1.29 0.20
l9 -0.365559 0.481576 -0.76 0.45
rho

GMM-SAR, Prop. buffer zones excluded
Parameter Coeff Std Err t-stat p-val
area -4.043837 1.242124 -3.26 0.0011
shape -0.451295 0.563844 -0.8 0.4235
l1 -1.390423 1.058706 -1.31 0.1891
l2 -2.126153 0.776551 -2.74 0.0062
l3 -1.63065 0.770613 -2.12 0.0343
l4 -2.206471 0.880257 -2.51 0.0122
l5 -2.138551 1.012702 -2.11 0.0347
l6 -1.984153 0.891373 -2.23 0.026
l7 -0.769736 0.912611 -0.84 0.399
l8 -1.204702 0.733379 -1.64 0.1005
l9 -1.845903 1.367461 -1.35 0.1771
rho 5.441932 0.535148 10.17 0

Table 3: Spatial regression results
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