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The Williamson Act has served as a major regulatory tool to im
pede the loss of farmland in California. Since similar voluntary, 
tax-incentive programs for farmland conservation exist in nearly 
every state in the Union, it is pertinent to ask the question: 
Will this Act and other similar programs remain effective and 
viable in the years to come? Past observation of Tulare County, 
California, reveals a significant and growing number of parcels 
leaving the Williamson Act around urban areas and major roads. 
Furthermore, cellular automata simulation of the future in Tulare 
County suggests that the current decline in enrolled hectares will 
continue well into the future. Finally, parcels terminating their 
contracts tend to be disproportionately near urban areas and 
contain prime farmland, rather than less-valuable grazing lands, 
causing them to share a greater burden of urban development. 
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urban growth modeling 

Introduction 
FoR ovER Two HUNDRED YEARS, agriculture has been a defining attribute 
of California's social and physical geography, as many geographers 
and historians have noted.1  In that time, hundreds of thousands of 
settlers, from other states as well as nations, moved to California (see 
Figure 1), seeking prosperity first in gold Qelinek 1982) and later, in 
successive waves, the state's orchards and fields Qelinek 1982, Kirsch 
1993, Bradley 1997). 

As Johnson and McCalla (2004) note, California's agricultural land
scape has been dynamic, changing in response to shifting patterns of 
settlement, labor availability, altered global agricultural and financial 
markets, and to the demands of other industries, such as defense, as 
well as water availability and infrastructure. The suburban boom of 
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Figure 1.-Califomia's Historical Population. (*California Department 
of Finance Estimate. All other decennial points come from US Census 
Bureau.) 

the post-World War II era brought about an additional shift, with 
enormous amounts of farmland being converted for residential and 
commercial uses along the coast. At the same time, new agricultural 
lands were becoming available in the Central Valley (Sokolow and 
Spezia 1992), due in large part to publicly funded water projects 
(Johnson and McCalla 2004). More recently, though, the Central 
Valley has become the new center of gravity for population growth 
in California, enticing would-be homeowners priced out of the 
coastal market as well as newcomers from other states (Teitz, Diet
zel, and Fulton 2005). However, as others have pointed out, there 
are no new areas for agricultural expansion in California (Johnston 
1990, Sokolow 1997). Therefore, as suburban developments sprawl 
throughout the Central Valley, total hectares of state farmland 
have been irrevocably reduced. Consequently, since its peak in the 
1950s, California has lost well over five million hectares of crop 
and ranchlands, more than a third of its peak total (United States 
Department of Agriculture (USDA), National Agricultural Statistics 
Service (NASS); see Figure 2). 

Growing concern over the loss of these agricultural lands, particu
larly in terms of the environmental and economic costs of these 
conversions, led California to establish agricultural protection 
policies, beginning in the 1960s. The California Land Conservation 
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Figure 2.-Califomia's Agricultural Land (National Agricultural Statistics 
Service, USDA). 

Act of 1965, known popularly as the "Williamson Act" (WA), is the 
flagship piece of state legislation for the preservation of California's 
farmland (Williamson Act Study Group 1989, Sokolow 1990). Known 
as "differential assessment," this legislation allows farmers to enjoy 
significant property-tax reductions in return for not developing their 
farmland. However, as many scholars have noted, the efficacy of 
differential assessment programs in general (Blewitt and Lane 1988, 
Parks and Quimio 1996), and the Williamson Act in particular (Dean 
1975, Dresslar 1979, Sokolow 1990, Brand 1995), are lacking, for 
reasons I discuss in the following sections. 

To approach this issue, I apply a calibrated cellular automata model 
to forecast WA retention as a method of evaluating how effective the 
Williamson Act2 may be for California's future. Though an in-depth 
review of cellular automata (CA) and geographic modeling literature 
is not appropriate here, it is important to understand that cellular 
automata are strongly invested in and relied upon by geographers 
interested in land-use change analysis and forecasting3• Spatially 
and temporally explicit representations of geographic space, CA 
divide an area of geographic interest into a grid of rows and col
umns. Each grid "cell" is encoded with certain behaviors that are 
reactive to the neighboring cells. For example, when a particular 
cell becomes urbanized in time step t, surrounding cells, in most 
modeling enterprises, are more likely to become urbanized at time 
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step t+ 1 .  In my successful utilization of the CA method, I produced 
maps of one county's forecast WA regulatory landscape. This effort 
allows urban planners as well as policymakers an opportunity to 
visualize where enrolled lands may be in the future. 

While this particular CA model, SLEUTH (explained below), has been 
applied in several geographic areas in California (Clarke, Hoppen, 
and Gaydos 1997; Clarke and Gaydos 1998; Tietz, Dietzel, and Fulton 
2005; Osherenko et al. 2008; Onsted 2007), this article focuses only 
on one Central Valley County: Tulare. As the center of the state's 
dairy industry, as the producer of the majority of the state's citrus 
products Oohnston and McCalla 2004), and yielding the second
highest agricultural market value in the nation ($3,872,000,000 in 
2006 [American Farmland Trust (AFT), 2009a]), Tulare is an especially 
relevant county of study. However, it is also facing tremendous urban 
growth and population pressure. From 1986 to 2008, the county 
lost 11,000 hectares of prime (see Figure 3 for specific farmland 
definitions) and irrigated farmland as well as an additionalll ,OOO 
hectares of farmland of statewide importance4• Over 8,200 hectares 
of this land, most of it prime or irrigated farmland, (CA Dept of 
Conservation b), was developed. 

This large increase in development and loss of irrigated and prime 
farmland has not gone unchallenged. The AFT has made extended 
public comments on the new Tulare County General Plan Update 
(AFT 2007c) in order to persuade policymakers to reduce the amount 
of land each new residence is consuming. AFT (2009b) claims that 
it is not growth itself that is the problem, but rather, "wasteful 
land use." It cites the fact that from 1982 to 1997, the population 
of the United States grew 17 percent, but the amount of urbanized 
land grew 47 percent. Therefore, the amount of urbanized land per 
person is growing. Also, since 1994, 55 percent of newly developed 
land has been "ranchettes," or 10+ acre housing lots (Ibid). Tulare 
County, therefore, and the conclusions drawn from its past and 
possible future, are emblematic of the entire Central Valley as well 
as the state as a whole. 

As Veldkamp (2009) has used the term Gov-scape to describe the 
geographic manifestations of regulatory conditions, particularly 
those that mediate possible land use/ land cover change, I will be 
using this term to designate both current conditions of the WA as 
well as future forecasting. This research can also allow for a better 
understanding of the possible Gov-scapes that the Williamson Act 
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Figure 3.-CA Dept. of Conservation's FMMP Farmland Categories. (Text 

excerpted and edited from: http://www.conservation.ca.gov/dlrp/fmmp/ 

mccufPages/map _categories.aspx) 

IMPORTANf FARMLAND CATEGORIES 
About 94 percent of the FMMP's study area is covered by US Depart
ment of Agriculture (USDA) modern soil surveys. A classification 
system that combines technical soil ratings and current land use is 

the basis for the Important Farmland Maps of these lands. In areas 
where no soil survey is available, a series of Interim Farmland defini
tions have been developed to allow land use monitoring until soils 
data becomes available. 

IMPORTANf FARMLAND MAP CATEGORIES 
The minimum land use mapping unit is 10 acres unless specified. 
Smaller units of land are incorporated into the surrounding map 
classifications. In order to most accurately represent the NRCS 
digital soil survey, soil units of one acre or larger are depicted in 
Important Farmland Maps. 

Prime Farmland (P) 
Farmland with the best combination of physical and chemical fea
tures able to sustain long term agricultural production. This land 
has the soil quality, growing season, and moisture supply needed 
to produce sustained high yields. Land must have been used for ir
rigated agricultural production at some time during the four years 
prior to the mapping date. 

Farmland of Statewide Importance (S) 
Farmland similar to Prime Farmland but with minor shortcomings, 
such as greater slopes or less ability to store soil moisture. Land must 
have been used for irrigated agricultural production at some time 
during the four years prior to the mapping date. Download informa
tion on the soils qualifying for Farmland of Statewide Importance. 

Unique Farmland (U) 
Farmland of lesser quality soils used for the production of the 
state's leading agricultural crops. This land is usually irrigated, but 
may include nonirrigated orchards or vineyards as found in some 
climatic zones in California. Land must have been cropped at some 
time during the four years prior to the mapping date. 

Farmland of Local Importance (L) 
Land of importance to· the local agricultural economy as deter
mined by each county's board of supervisors and a local advisory 
committee. 

Grazing Land (G) 
Land on which the existing vegetation is suited to the grazing of 
livestock. This category was developed in cooperation with the 
California Cattlem�n's Association, University of California Co-

(continued on next page) 
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Figure 3 continued 

6 

operative Extension, and other groups interested in the extent of 
grazing activities. 

Urban and Built-up Land (D) 
Land occupied by structures with a building density of at least 1 unit 
to 1.5 acres, or approximately 6 structures to a 10-acre parcel. This 
land is used for residential, industrial, commercial, construction, in
stitutional, public administration, railroad and other transportation 
yards, cemeteries, airports, golf courses, sanitary landfills, sewage 
treatment, water control structures, and other developed purposes. 

Other Land (X) 
Land not included in any other mapping category. Common 
examples include low density rural developments; brush, timber, 
wetland, and riparian areas not suitable for livestock grazing; 
confined livestock, poultry or aquaculture facilities; strip mines, 
borrow pits; and water bodies smaller than forty acres. Vacant and 
nonagricultural land surrounded on all sides by urban development 
and greater than 40 acres is mapped as Other Land. 

Beginning in 2002, the pilot Rural Land Mapping Project provides 
more detail on the distribution of various land uses within the Other 
Land category in four San joaquin Valley counties. 

Water (W) 
Perennial water bodies with an extent of at least 40 acres. 

Interim Farmland Map Categories (categories no longer in use in 
Tulare County after 1998. Text below excerpted from: http://www. 
conservation.ca.gov/dlrp/fmmp/Documents/fmmp_guide_2004. 
pdf) 

For farmed areas lacking modern soil survey information and for 
which there is expressed local concern on the status of farmland, 
the following categories substitute for the categories of P, S, U, and 
L. This had historically included Butte, Colusa, and portions of 
Kern and Tulare Counties. With the completion of the Colusa and 
Western Tulare soil surveys (1998), only Butte and Kern counties 
continue to have Interim Farmland data. 

• IRRIGATED FARMLAND (I): Cropped land with a developed irriga
tion water supply that is dependable and of adequate quality. Land 
must have been used for irrigated agricultural production at some 
time during the four years prior to the mapping date. 

• NON-IRRIGATED FARMLAND (N): Land on which agricultural 
commodities are produced on a continuing or cyclic basis utilizing 
stored soil moisture. 
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and other differential assessment programs may be creating. Policy
makers as well as administrators, therefore, are well served by any 
research that can better allow for them to effect the result that the 

Williamson Act and other similar programs were originally designed 
to achieve. The legislature, under the Act, seeks to prevent the "pre
mature and unnecessary conversion of agricultural land to urban 

uses. "  (California Government Code Section S1220(c), see Figure 

4). However, the nebulous wording "premature and unnecessary" 

leaves open to interpretation just how to evaluate the Act's effective

ness, because such words conjure normative ideas of community. 

priorities rather than rigorously derived and objectively definable 
criteria. This normative valuation varies over space as well as time, 
adding concomitant variability to the manifestations of the Act's 
local administration. Consequently, different county authorities 
may feel they are abiding by the spirit of this provision yet making 
very different decisions regarding the WA. Nonetheless, despite the 
difficulty in evaluating the success of the Williamson Act in any 
particular jurisdiction, it is possible to evaluate and model the en
rollment as well as termination of participating parcels, because the 
effectiveness of the Act must correspond, at least somewhat, with 
the amount and types of agricultural parcels enrolled, as reflective 
of overall retention. This research, therefore, is one response to a 
suggestion made by Parks and Quimio (1996): "A spatially detailed 
analysis could employ geographic information (e.g., maps and aerial 
photographs) to determine which agricultural land uses were present 
in urbanizing areas, and could further examine the effectiveness of 
farmland assessment on these specific locations" (p. 6). 

Thus, this article explores the following research questions: 
1. Given past enrollment and termination trends, as well as 
patterns of urban growth, when will WA enrollment saturation 
take place? 
2. Where are the lands most likely to leave the WA located? 

In the following sections, I give an overview of farmland losses in 
California as well as the various policy tools in place to address this 
and the scholarly debate within which this work is framed. Then, I 
discuss the modeling itself, detailing the data, as well as the model's 
architecture. Results are offered and I then conclude the article with a 
discussion on the implications of this work as well as future research. 
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Figure 4.-Enabling Williamson Act Legislation. From California 
Government Code Section 51220. 

8 

51220. The Legislature finds: 

(a) That the preservation of a maximum amount of the limited 
supply of agricultural land is necessary to the conservation of 
the state's economic resources, and is necessary not only to the 
maintenance of the agricultural economy of the state, but also 
for the assurance of adequate, healthful and nutritious food for 
future residents of this state and nation. 

(b) That the agricultural work force is vital to sustaining agricul
tural productivity; that this work force has the lowest average 
income of any occupational group in this state; that there exists a 
need to house this work force of crisis proportions which requires 
including among agricultural uses the housing of agricultural 
laborers; and that such use of agricultural land is in the public 
interest and in conformity with the state's Farm worker Housing 
Assistance Plan. 

(c) That the discouragement of premature and unnecessary con
version of agricultural land to urban uses is a matter of public 
interest and will be of benefit to urban dwellers themselves in 
that it will discourage discontiguous urban development patterns 
which unnecessarily increase the costs of community services 
to community residents. 

(d) That in a rapidly urbanizing society agricultural lands have 
a definite public value as open space, and the preservation in 
agricultural production of such lands, the use of which may be 
limited under the provisions of this chapter, constitutes an im
portant physical, social, esthetic and economic asset to existing 
or pending urban or metropolitan developments. 

(e) That land within a scenic highway corridor or wildlife habitat 
area as defined in this chapter has a value to the state because 
of its scenic beauty and its location adjacent to or within view 
of a state scenic highway or because it is of great importance 
as habitat for wildlife and contributes to the preservation or 
enhancement thereof. 

(f) For these reasons, this chapter is necessary for the promotion 
of the general welfare and the protection of the public interest 
in agricultural land. 
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california Farmland Conversion and Protection 
Farmland in the United States is steadily being converted to urban 
and suburban uses. Since its peak in 1954, there has been a net loss 
nationwide of over 115 million hectares of farmland (US Depart

ment of Agriculture (USDA) National Agricultural Statistics Service 
[NASS], 2010). The public sector, aware of the problem, has tools in 
place at multiple levels of jurisdiction to address this. At the federal 
level, the United States Government has provided the Agricultural 
Land Preservation Program (as part of the 2008 US Farm Bill), which 
provides $743 million in matching funds to qualified entities (states, 
counties, etc.) from fiscal years 2008 to 2012. However, the actual 
administration, acquisition, and regulation of farmland preservation 
still takes place at the local or state level. 

The most-common form of land-use control in the nation, zoning, 

is found at the local level (Daniels and Bowers 1997, Cordes 1999, 

Salkin 2008). In particular, agricultural protection zoning exists in 
over seven hundred counties in twenty-four states (Freilich 1999). 
However, the loss of farmland historically has not been halted per
manently by these measures, because variances and exemptions 
are often granted while agricultural zoning and even master plans 
can and do change over time (Libby 1994, Cordes 2002, Duke and 
Lynch 2006). Therefore, the continued existence of zoning measures, 
which are nearly ubiquitous in the U.S., should not be considered, 
in their totality, as all that is necessary to keep farmland solvent. In 
fact, agricultural zoning is much more powerful when in combina
tion with other programs, including Transfer of Development Rights 
(TDRs), Right-to-farm ordinances, and protection from misuse of 
eminent domain (Parks and Quimio 1996, Daniels 1997, Daniels 
and Bowers 1997, Cordes 2002). 

At the state level, there is a variety of programs nationwide designed 
to protect agricultural lands. The most powerful of these programs, 
because they provide permanent protection, are referred to generi
cally as PACE (Purchase of Agricultural Conservation Easements) 
programs, whereby states, local governments, or other agencies, 
buy development rights from farmers. California has one such 
program, the California Farmland Conservancy Program, or CFCP. 
This has provided funding for local agencies to conserve roughly 
17,500 hectares thus far (California Department of Conservation 
[DOC] 2010a) . Similar efforts at the local level have acquired ap
proximately 22,000 more (American Farmland Trust (AFT) 2009a). 
This may seem significant, but when put in contrast with California's 
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private farmland total of 10.3 million hectares (USDA NASS, 2009), 
this provides only about 0.38 percent perpetual protection of Cali
fornia's agricultural lands. In contrast, the state of Maryland in 2009 
had a total of 830,000 hectares of farmland (NASS), with 136,000 
hectares in a PACE state-level program (AFT 2009b) and roughly 
34,500 hectares held in local programs (AFT 2009a), yielding over 
twenty percent permanent protection. Given the small percentage 
of PACE lands in California, therefore, the Williamson Act's future 
retention takes on greater significance. 

Under the Act, land is valued for the net income farmers can expect 
to receive from farming their property, rather than the development 
potential of the parcel, reflected in the full market price. Differential 
assessment, by valuing farmers and their land for their agricultural 
output rather than their potential for development, helps farming 
operations, particularly those near urban areas, to remain solvent, 
because market-rate property taxes would create an untenable eco
nomic hardship (Sokolow 1990). They also help preserve farmland 
by mitigating other various push factors that may influence farm
ers to sell or develop their land in suburbanizing areas (including 
trespassers, hostile neighbors, and increased traffic (Handel 1999). 
Differential-assessment programs, however, are voluntary and, un
like easements, they may be entered into and exited from as market 
conditions change. In California, local governments received partial 
compensation from the state for foregone tax revenues via the Open 
Space Subvention Act of 1971 (CA Government Code Section 16140-
16154), which has recently, and for the first time since its inception, 
been all but eliminated5 due to California's ongoing budget crisis. 
Though most states do not employ subventions, nearly all utilize 
some form of differential assessment, broadening the applicability 
of this research. 

Currently, there are about 6.7 (DOC 2007c) million hectares under 
Williamson Act contract, well over half of all private agricultural 
land in California. Yet, as Figure 2 clearly demonstrates, farmland 
loss has not only failed to be checked, but has steadily advanced. 
From 1992 to 2006, approximately 145,000 hectares were converted 
from agricultural uses to urban uses6 (CA Dept. of Conservation Web 
site b). However, this is out of a 1992 pool of 9.4 million hectares 
of agricultural land7, equaling an average annual conversion rate of 
only 0 .11 percent. Consequently, some scholars contend this rate 
of conversion is so slow, there is no reason for panic (Plaut 1980,

· 
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Fischel 1982, Gustafson and Bills 1984; Kuminoff, Sokolow, and 
sumner 2001). 

Despite these seemingly infinitesimal rates of loss, though, impacts 
are uneven. First, as other researchers have noted (Mandelker et 

al. 2005), these overall calculations do not reveal the acceleration 
over this period in urbanization. Though the period 1992 to 1994 
saw 12,200 hectares developed, the pace steadily accelerated until, 
in the 2004-06 figures, 25,000 hectares were converted, a 106 per

cent increase in the conversion rate (CA Dept. of Conservation). 
second, most of the highly productive farmland rings urban areas 
and is in the direct path of expanding cities (see Figure 5). Accord
ing to California's Farmland Mapping and Monitoring Program 
(FMMP), 46,500 hectares of prime farmland were urbanized during 
this fourteen-year period. Therefore, given a base of 1.74 million 
hectares in 19928, prime farmland urbanized at an average rate of 
nearly 0.2 percent per year, a rate nearly three times faster than for 

less valuable grazing lands (Ibid). Thus, those farms closest to urban 
centers, which tend to be the most productive, are facing a greater 
threat from urbanization than more distant agricultural operations 
(see Figure 5). 

Materials and Methods 

Data Acquisition 
Examining multi-scape models (in this case, COV-scapes [land cover] 
and GOV-scapes [regulatory conditions of parcels]), especially how 
they dynamically interact, is a difficult but emerging field of inquiry 
in land-use science (Veldkamp 2009) . Despite the challenge, to 
begin to understand both land governance change and land-cover 
and -use change, they must be examined simultaneously. In this 
research, both urban growth and Williamson Act change are based 
on human decisions that are modified and regulated by government 
entities. Specifically, urban growth cannot take place on lands under 
a Williamson Act contract until said contract is terminated, usually 
at the request of the landowner. Conversely, proximity to urban 
lands, as well as other relevant geographic factors, puts pressure 
on landowners to terminate their Williamson Act contracts so they 
may maximize their land value by developing it, despite high taxes 
incurred in the process (Dean 1975, Dresslar 1979, Sokolow 1990, 
Brand 1995, Onsted 2007, Osherenko et. al. 2008; also see Blewit 
and Lane 1988 for a graphical illustration of this phenomenon). 

Onsted: Agricultural Retention in California 11 



Tulare County 
2002 Land Use 
Land use 
- Developed Land 

Fhme F•rml•nd 
Less Important 

- GmingLand 
r-")YJater 
�·;��l Parkm! 

.l.., . 
... 1 ,'-

" .. 
'· .. ,.., � . 

Figure 5.-Tulare County 2002 Land Use Only. 

By populating a Geographic Information System (GIS) with data 
from the FMMP, the Public Policy Institute of California (PPIC), the 
Tulare County Assessor, as well as other sources, I could observe WA 
contracted lands over time and in spatial proximity to urban areas, 
major roads, and various slopes. However, discovering Former WA 
lands was more difficult. Toward this end, I procured documents 
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from the California Department of Conservation (DOC) that allowed 

for an editing of the assessor's shapefiles. These revised shapefiles 

then reflected not only the location of current Williamson Act con

tracted lands but also former Williamson Act (FWA) lands9• 

Because the Williamson Act is regulated with attention to farmland 

type (prime farmland, etc.), I have classified my forecasts in the same 

manner (see Figure 3 for land-use category definitions). The FMMP 

parcel boundary digital map files for Tulare County exist biennially, 
from 1986 to 2002, the last year used in this research. Once all of 
the parcel map files were collected, urban growth throughout the 
years and conversion of surrounding farmlands could be observed. 
Earlier urban-growth and land-use data for modeling purposes (19 7 4) 
was acquired from Dr. Charles Dietzel, of PPIC. 

The combination of land-use mapping with not only current Wil

liamson Act contracted lands but former WA lands is one advantage 
of this research. This was achieved by matching Assessor Parcel 
Numbers (APNs) between the documents and the Assessor's database. 
This record was then edited to reflect (a) whether the parcel is or 
was in the WA, (b) the parcel's entry date into the WA, and (c) the 
parcel's exit date from the WA (see Figures 5, 6, and 7) . 

Data Rendering 
The initial function of this map creation was visual exploration. 
Toward this end, I examined a series of images at biennial intervals 
beginning with 1986. For each of these years, a cadastral framewod 
overlaying the land-use layer reflects those lands under WA contract 
for that year, those lands that were not under WA contract, and. 
most importantly, those parcels that had since terminated thei1 
contracts.10 

With the different temporal layers properly arranged, it appeared vi
sually that, indeed, those parcels leaving the WA were not randomly 
distributed and that, in fact, a case could be made that the same 
phenomena cited by Clarke et al. (1996, 1997) as causal factors in 
urban growth (slope, proximity to urban areas, proximity to roads) 
were also relevant for the spread of former Williamson Act (FWA) 
lands (see Figures 6 and 7). Though it has been known for some 
time that those lands in the path of urban growth are more likely 
to leave the WA (Dresslar 1979), generating a more-specific forecast 
of future termination using this data can be helpful for planners 
and policymakers. 
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Tulare County 
- Developed Land 

�Land 

Water 

P'or�land 

1986 w;;amson Act Lands 

- 198!iFormerW\Lands 

2.5 M•los 

Figure 6.-Visalia and Tulare, 1986 (WA Gov-Scape, Tulare County). 

Williamson Act Forecasting 
To quantify this general observation, I applied a cellular automata 
urban growth model, SLEUTH. Taking into account proximity to 
existing urban areas, proximity to roads, and slope, SLEUTH is a 

widely consulted application that has been employed by research
ers all over the world: from Albuquerque, New Mexico, to Yaounde, 
Cameroon (Clarke et al. 2007). In my novel research approach, 
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Figure 7.-Visalia and Tulare, 2002 (WA Gov-Scape, Tulare County). 

however, SLEUTH was used to forecast which Williamson Act lands 
are likely to terminate their contracts in the future. The calibration 
metrics for this exercise, which measure the fit of predicted values 
against actual data (Onsted 2007), yielded scores comparable with 
urban growth calibration in Tulare County. Therefore, using SLEUTH 
to predict Williamson Act termination is justified. 
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Figure 8.-2003 Tulare County Current and Former WA lands (one MC 
iteration). 

16 The California Geographer • Volume 50, 2010 



once the calibration was complete, the prediction phase could begin. 
Two grayscale images are provided in Figures 7 and 8. The first image 

offers actual data from the year 2003 (Figure 8). The second is a pre
dicted image from the year 2030 (Figure 9). The year 2030 was chosen 
as the primary end date of the modeling exercise because it retains a 
temporal symmetry with past data, i.e., there are twenty-eight years 

of past data so, to minimize uncertainty, 2030 was chosen as the 
primary end date of future forecasting (twenty-eight years beyond 
the year 2002). As will be seen in the results section, however, time 
periods farther in the future were also forecast in order to discover 
when, according to the calibrated coefficients, WA terminations 
and new enrollments may equalize. Of course, these longer-range 
predictions carry greater uncertainty (Goldstein et al. 2004) . 

Results 
Reviewing Figures 6 and 7 offers several observations. First, a signifi
cant amount of urban growth occurred from 1986 to 2002. Second, 
there were both a large number of parcels exiting the WA and a 
modest number entering the WA. The synchronicity of these events 
lends the impression, when examining only overall statistics, that 
the Williamson Act maintains a static presence in Tulare County. 
On the contrary, there is a great deal of change on the ground, 
and the portrayal of this through these maps lends support to a 
preferred spatial or geographic approach as opposed to a perusal of 
aggregate numbers alone. Third, parcels exiting the Act tend to be 
near developed areas as well as major roads. 

Though some of these parcels were removed by eminent domain 
or public acquisition, such lands tend to be either large parcels in 
remote locations for the creation of a park, or small lots near the 
city for urban parks, roads, or other uses considered to be in thf 
"public good." Regardless, these parcels usually are not destined 
for development. In fact, this research discovered that, most often, 
these removals are actually transfers from one form of protection to 
another. The separate modeling of these various aspects of termina
tion, though not pursued here, is a ripe area for further research. 

These modeling results offer a vision for Tulare County's future Wil
liamson Act GOV-scape. Because SLEUTH uses Monte Carlo (MC) 
simulation, however, it should be kept in mind that each individual 
simulation results in a somewhat different outcome. Therefore, the 
specific locations of the forecast terminated Williamson Act lands 
for one Monte Carlo simulation should be compared with the im-
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Figure 9.-2030 Forecast Tulare County Williamson Act and Former WA 
lands (one MC iteration). 
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age that was created from 100 cumulative MC simulations for the 

year 2030 (see Figure 10). Nevertheless, even one simulation can 

offer insight. 

Though there is considerable land that is added to the WA program 

(Figures 9 and 12), significant hectares are also removed, evidenced 

by the spread of white pixels. This spread, just as in urban growth, 

is primarily near other urban and former WA areas as well as along 

major roads. Figures 11 and 12 graphically quantify these land clas

sifications in the form of pie charts. 

When examining Figures 8 and 9, a flux of non-prime land can be 
observed leaving and entering the WA in this forecast, offering more 
insight than the pie charts alone. The charts reveal that FWA and 
Urban land11 more than triple between 2002 and 2030. By subtract
ing out projected urban growth by 2030, generated in a different 
modeling exercise (Onsted 2007), the amount of FWA land alone can 
be deduced as increasing from approximately 1.8 percent of Tulare 
County's land to roughly 10 percent of all of Tulare County's land, 
over a five-fold increase. Also, over the twenty-eight years displayed 
in the two pie charts the amount of farmland that is neither in the 
WA nor was ever in the WA is constantly diminishing. Over half of 
the unprotected non-prime farmland in 2002 joined the WA by 2030, 
while over half of the unprotected prime farmland joined as well. 
However, the charts also reveal that a great deal of prime farmland 
will vacate the WA by 2030. Although 1.1 percent of all of Tulare 
County's land in 2030, around 14,000 hectares, would be recently 
enrolled prime WA farmland, this amount would be dwarfed by the 
hectares that had left the WA, with the total amount of protected 
prime farmland dropping by nearly a third, to 81,000 hectares. 
However, that is only the net loss, because the 14,000 hectares were 
also added during this time. The gross loss, then, is 95,000 hectares. 
Only one-fourth of the total 129,000 hectares leaving the WA are 
non-prime, with a very small fraction being Other Land. 

When running the model hundreds of years into the future (which, 
as discussed above, carries much-greater uncertainty), sometime 
around the year 2060 the land categories largely stabilized and, 
even many decades later, showed little change. Figures 13 and 14 
offer depictions of the year 2060, while Figure 15, for context, offers 
long-term forecasts. In Figures 13 and 14, when examining enrolled 
non-prime farmland versus enrolled prime farmland, a large dis
crepancy becomes apparent. Though the total amount of enrolled 
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Figure 10.-2030 Forecast FWA growth, with 100 Monte Carlo runs 
shown as shades of gray. 
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Figure 11.-Tulare County WA Land Classification, 2003. 
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Figure 13.-Forecast Tulare County 2060 Williamson Act and Former WA 
lands (one MC iteration). 
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non-prime farmland decreases by 2.3 percent from 2002 to 2060, the 
total enrolled prime farmland decreases by 60 percent. Therefore, 
the majority of prime farmland in Tulare County is forecast to be 
unprotected, at least by the Williamson Act, in fifty years. 

In light of the research questions invoked in the Introduction, 
several general conclusions can be deduced. First, increases in past 
enrollment have been due to hectares from newly enrolled farms, 
often in remote areas, eclipsing those near cities that are leaving (see 
Figures 6 and 7). However, this phenomenon cannot last indefinitely, 
because eventually all agricultural lands will either be in the WA or 
will have formerly been in the WA. Therefore, no matter the scale, 
eventually WA enrollment will peak. Statewide, this occurred in 2004 
(see Table 1). In certain California counties, like Tulare, the zenith 
took place as early as 1991.  Second, these enrollment numbers will 
continue to decline, as nearly all eligible lands (defined as lands 
whose owners can join and want to join) will have enrolled and the 
number of contract terminations continues to increase. Third, the 
most productive and prime soils will not only bear a disproportion
ate amount of the hectares leaving the WA, but will also bear the 
brunt of the development that will inevitably follow (Kuminoff et 
al. 2001, Sokolow and Spezia 1992). 

Discussion and Conclusion 
The ostensible raison d'etre of differential assessment programs is to 
prevent or at least slow down and guide farmland conversion (see 
Figure 4), or perhaps even to control overall growth (Goodenough 
1992). Nevertheless, a land parcel's proximity to urban areas and to 
roads, as well as its topographic slope, apply development pressure 
on the property (Kuminoff and Sumner 2001, Clarke and Gaydos 
1998, Clarke et al. 1996). Though the WA may serve to mitigate this 
pressure as long as parcels are enrolled, termination of contracts 
along the urban-rural fringe is common. This research, evaluating 
these geographic realities, along with Williamson Act status over 
time, demonstrates that indeed those parcels leaving the Act tend to 
do so according to a manner conditioned by these landscape factors. 

A formal study conducted in 1989 claims that the Williamson 
Act is most effective at protecting non-prime remote agricultural 
lands, rather than prime parcels closer to urban areas (Williamson 
Act Study Group, 1989). Also, "in remote areas) farmers can see a 
future for farming and often feel they can live with a combination 
of incentives and land-use controls designed to encourage farming 

24 The California Geographer • Volume 50, 201 0 



Table 112: Williamson Act Total Acreage 1990-2007 

Total Reported Acreage* 

Fiscal Year Calendar Year Total Reported Acreage* 

1990-91 

1991-92 

1992-93 

1993-94 

1994-95 

1995-9() 

1996-97 

1998-99 

199�-00 
2000-01 

,2001-'02 
2002-03 

2003....()4 
2004-05 

!:2005-06 

1990 

1991 

1992 

1993 
1994 

19!}5. 

1998 

1999 
2000 

2001 
2002 

2003 

2006 

2Q.CJ7 

15,969,159 

1s ,9461;7a3 - � . .  . . . ... . . 
15,942,758 

1S,952,365 

15,952,144 

15,908,538 

15,812,511 

15,889,8.04 

15,925,301 

15.977,116 

15,936,437 

)6$344,433 

16,504,721 

16,640,193 

16,580,987 

1 6,565,519 

and limit nonfarm development" (Daniels and Bowers 1997: 133). 
Ironically, due to their distance from market centers and their as
sociated lack of real estate development potential, these remote 
lands arguably require less-strenuous measures of protection. Also, 
these areas mostly consist of less-valuable grazing lands, while the 
prime and irrigated farmland tends to be closer to the urban areas. 
Thus, the lands just outside of California's cities are "prime" both for 
farmland and real estate, a competition in which agricultural use is 
rarely the victor. As Daniels and Bowers point out, along the urban 
fringe, "the incentives and land-use controls have not succeeded in 
protecting farmland for more than a few years. Once the price of 
farmland rises above what a farmer will pay for it, development is 
usually only a matter of time" (1997: 133). 

As a new variable, the most-recent budget crisis has caused the Open 
Space Subvention Act to be all but eliminated. Currently then, the 
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financial onus for continuing the program falls on the local gov
ernments, many of which may not be able to afford to refuse those 
property taxes without at least partial compensation. Though this 
research suggests an eventual decrease in enrollment for the WA, 
other research (Lynch and Carpenter 2003) suggests that outright 
termination of the Williamson Act would result in far greater farm
land conversion. However, given the dearth of easements in Cali
fornia, the Williamson Act alone may not be enough to stave off 
persistent agricultural conversion to urban uses. Some have argued 
that the Williamson Act is strongest when used in conjunction with 
other state protective measures, such as the California Coastal Act 
(Osherenko et al. 2008), and/or with supplemental local initiatives 
(Parks and Quimio 1996, Daniels 1997). 

Though the general finding of this research-that WA lands near 
urban areas are more likely to terminate their contracts-is not new, 
the specific outcomes of the predictive modeling are. The particular 
understanding of the geographical realities of the Williamson Act 
offered in this article could allow decision makers to examine its 
contents and perhaps make decisions armed with greater informa
tion. With regard to geographic modeling, Veldkamp (2009) calls 
for "future specific attention . . .  (to) be paid to land governance" 
(p. 11), and this approach may be one answer. Using modeling tools 
to forecast not only land-use/ land-cover change but also alterations 
in a GOV-scape, such as the WA, can be useful for understanding 
feedbacks between different scapes. This has applications for aca
demics as well as planners at local, regional, and state levels. Finally, 
because nearly every state in the United States has some version of 
a differential assessment program, and farmland conversion is a 
problem throughout the nation, the emerging peri-urban exodus 
from California's Williamson Act could herald a trend nationwide. 

Endnotes 
1 Adams 1946; Hart et al. 1946; Hutchison 1946; Tufts et al. 1946; 
Beckman 1947; Durrenberger 1969; Dresslar 1 979; Jelinek 1982; 
Logan and Molotch 1987; Williamson Act Study Group 1989; Carter 
and Nuckton 1990; Johnston 1990; Sokolow 1990; Reisner 1993; 
Rhode 1995; Bradley 1997; Olmstead and Rhode 1997; Bradshaw 
and Muller 1998; Medvitz 1999; Blank 2000; Kuminoff and Sumner 
2000; Kuminoff , Sokolow, and Sumner 2001; Johnston 2004; Martin 
and Mason 2004; Siebert 2004 
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z Although Farmland Security Zones (or the "Super Williamson 
Act"), implemented in 1 998, offer greater tax incentives for longer 

terms of protection, this research does not specifically address their 
future since enrollment is quite low (3, 600 hectares) compared to 
the normal Williamson Act and the program is comparatively recent 
(only four possible study years up to ZOOZ) . 

3 Tobler 19 79; Couclelis 1 98S; Clarke, Olsen, and Brass 1 993; White 
and Engelen 1993a; White and Engelen 1 993b; Batty and Xie 1994; 
Itami 1 994; Clarke, Riggan, and Brass 1 99S; Engelen, White, and 
Uljee 199S; Kramer 1 996; Batty, Couclelis, and Eichen 1997; Clarke, 
Hoppen, and Gaydos 1 997; Couclelis 1997; Semboloni 1997; White 
and Engelen 199 7; White, Engelen, and Uljee 1 997;  Clarke and 
Gaydos 1 998; Wu and Webster 1998; Candau, Rasmussen, and 
Clarke ZOOO; Li and Yeh ZOOO; Torrens and O'Sullivan Z00 1 ;  Silva 
and Clarke ZOOZ; Goldstein Z004; James Z004; Liu and Phinn Z004; 
Sietchiping Z004; Silva Z004; Benenson and Torrens ZOOS; Silva and 
Clarke ZOOS; Vancher et al ZOOS; Gazulis and Clarke Z006; Li and 
Liu Z006; Silva Z006 ; Clarke et al Z007; Wu et al Z009; Wu and Silva 
Z010; as well as many others. 

4 These net losses are greater than total net losses of ag land because 
much of the high-quality farmland converted to less-productive 
farm uses or low-density rural developments. 

S To be precise, the budget for subventions dropped from $Z8 mil
lion to $ 1 ,000, a reduction of 99.996 percent, effectively erasing 
the program. 

6 There is no universally agreed-upon figure. The FMMP and the 
NASS give different figures for California. Also, there are other cat
egories to which agricultural lands can be converted besides urban, 
and these are not reflected here. 

7 FMMP's 1 99Z figure. The FMMP does not inventory as exhaus· 
tively as NASS (which includes such private lands as those used fo 
commercial forestry); therefore, totals do not always agree. In thi 
case, NASS's 199Z total of all California Agricultural lands equal 
1Z.Z million hectares. 

8 FMMP's subcategory figure. 

9 It should be noted that there are different methods of terminatin 
WA contracts . Most contract terminations initiated by landowne: 
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are done so through "non-renewal, " a method whereby a landowner 
is slowly ramped back up to a normal tax bracket over a nine-year 
phase-out period. The landowner must wait until the end of this 
period to convert any farmland on the property. Other contracts are 
terminated at the behest of local governments by eminent domain, 
though local governments can also initiate non-renewals. For sim
plicity, the methods used in this research do not distinguish among 
the different reasons or processes of WA termination, though future 
research will disaggregate them. 

10 The assessor's data reflects the year it was made and, therefore, 
in these maps from the past, the parcel outlines are not entirely 
accurate. In general, the further back in time from the date of the 
assessor's data, the fewer number of parcels actually existed. It was 
deemed prohibitively difficult to find old assessor's maps that have 
been digitized, if any even exist. Also, in those cases where subdivi
sion has taken place on a former WA parcel, all of the constituent 
parcels are treated as former WA parcels. 

1 1  FWA and urban land were conflated during the modeling pro
cess for reasons of methodological expediency. See Onsted 2009 for 
further explanation. 

12 Totals include both continuing term and nonrenewal Williamson 
Act contracted land, as well as a small amount of other enforceably 
restricted non-Williamson Act acreage. Note: Excerpted from the 
California Department of Conservation's Web site: http://www. 
conservation.ca.gov/dlrp/lca/stats_reports/Documents/Statewide 
percent20WA percent20Enrollment percent20(199 1 -07) .xls 
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