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We compare how socioeconomic factors,physical landscape, profit uncertainty, and local 
land use policies have affected land development on the east and west sides of the Cascade 
Range in Oregon, Washington, and California. It is found that the west side has more 
actively planned and regulated land use than the east side. Consequently, the more intense 
land use regulations on the west side have reduced more land development than on the east 
side. Risks associated with alternative Iand uses as well as profits were important in land 
development decisions of both sides. 

I .  Introduction 

In recent years, rapid land development and iltemcient Iand use patterns have received 
much attcntion in the USA. Reported statistics such as: "Pace of farmland loss increased from 
1.4 nlillion acres a year between 1982 and 1 992 to 2.2 million acres a year between 1 992 and 
1997" (US Department of Agriculture, 1999) or "One-third more land per person was consumed 
by urban uses in 1990 than 1970" (Daniels and Bowers, 1997) have changed A~nericans' 
perceptions about land development. Now, many people believe that Ainci-icarl cities are no 
longer able to afford devefopmer1t frenzies without land use planning. 

Althot~gh land use rcgtilations are largely a local and regional isstie (Daniels, 1099), few 
studies havc focuscd on local land use regulations and policies. Those that do focus on larici use 
policies tend to be case studies of specific progranls in specific areas. For exan~ple, Bills and 
Boisvert (1 987) analyzed the cffectivencss of agriculti~ral districts and use-valnc assessment in 
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New York. Henderson (1991) and McMillen and McDonald (1993) studied the effectiveness 
of zoning ordinances. Pfeffer and Lapping (1 994) and Daniels (1 998) st~icficd the exchatlge 
of development rights in the rlortheastern USA. Lang and Hornburg (1997) studied urban 
growth management in Portfanrf, Oregon. Kline and Alig (1999) reviewed the eEectiveness of 
Oregon's land use planning program with regard to its protection of forests and farmland from 
development. These studies focused on individual land use regulations ancl policies. Relatively 
few st~tdies have analyzed the combined effects of different land use regulations over a broad 
area. In this study, various land use regulations at county and state levels are exarnirled for a 
large region using first-hand data from a comprehensive survey of land use regulations.' 

In this study, we compare land development and regulation between the west and east side of 
the Cascade Range in Oregon, Washington, and California. We estimate three sets of empirical 
models (one for the east side, one for the west side, and one for the entire region as a whole) to 
address the following questions: (i) given the dramatically different socioeconomic factors and 
physical landscapes, do land use changes diEer between the two regions; (ii) to what extent do 
risks associated with alternative land uses affect land development; and (iii) do local land use 
policies and their influences differ between the west and east sides of the Cascade Range? The 
answers to these questions may help policymakers and local land use planners develop more 
effective policies for growth management. 

The study region is shown in Figure 1. The west side of the Cascade Range includes 
41 million acres (166,000 km2) in 41 counties located west of the crest of the Cascade Range. 
The east side includes 82 million acres (332,000 km2) in 41 counties located east of the crest of 
the Cascade Range. The area was selected because it reflects vastly different land development 
patterns and may serve as a microcosm for many land development patterns observed in other 
regions of North America. The analysis gives us unique insights into the differences and 
similarities of land development on each side. 

The Cascade Range is a chain of mountains and volcanoes stretching from northern 
California, through Oregon and Washingtor1 State, and for a short distance into British Columbia. 
It is approximately 700 miles (1,100 km) in length, varying in width from 50 miles (80 km) in 
the southern and central parts to 120 miles (1 90 km) in the north. Its average height above sea 
level is approximately 5,000 feet (1,500 m). The Cascade Range, with its towering volcanoes 
and mountains, creates a substantial barrier between east and west. Rainfall levels are high west 
of the Cascades and in the mountains themselves. To the east of the Cascades rainfall is consid- 
erably less, and the southeastern part of Oregon is considered part of the Great Basin Desert. A 
large area east of the Cascades in Washington is used for agricultural purposes; it is known as 
the Inland Empire. The climate in the east has more extreme temperatures. Meanwhile, the west 
side experiences a milder climate. Ttte Cascade Range has been a difficult barrier for people to 
cross. The only sea level passage is the Columbia River Gorge. The drastic climatic differences 
and thc diffict~lties of crossing the mountains have caused human settlements to expand under 
the distinctive physical structures of the landscape and the socioeconomic conditiol~s of each 
side. Consequently, land development patter-ns of the west and the east sides of the Cascade 
Range h a w  been different. Between 1982 and 1992, the number of population for the west of the 
Cascades went from 5.7 million to 6.8 million, an increase of 1994~ This increase is far greater 

'lurner ct o/  (1996) cst~ruatccl r~~odels  of land cover cf~anges for tlie Soutliern Appalach~an tl~ghlands anci the 
Oiyitipic J~entnsnla reglon ni the USA Itowever, they did riot addtess the issue of the rnstrtutional irlflr~ences of land 
ttsc pollcie\ 
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Figure 1 .  I%est and east sides of the Casrase Range ie Oregon, Wasttington, and California. Note darker 
shadeti areas represent counties 113 the west s ~ d e  and lighter shaded areas represerlt cotinties tn the 
east side All clties shorvn on the map have :t poptilation > 100 000 

than lncrcaxe for thc east of the C'ascades from 1.6 million to 1.7 tnillion. an increase of 6% 
clut-~ng the same period oftime. Altl~ough each region shares some common factors influencirtg 
land cie\iclopment. they also have clear- ctiffercnces. 

T11c rcmait~cfer of this paper 1s ot-ganrzed as follows. In the next section, we present a n~odel  
of land use convcrs~on cfecrslons T'lle xubseqnent section presents empirical specification of the 
111ocieI. Our descril-ttions of data and cst~rt~ation results follow, and we close with a discussion 
of tlie results and the11 possible ~nterl?rctatiorr. 
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2. Model of land use conversion decisions 

In this section we present a simple rnodcl to rnotivate our empirical analysis. Suppose 
a lartdolchiner is cortsiderirlg clevelopment of their fiirmland. We nlodel his decision in a two- 
period framework: a first period followecl by future time horizon conlpressed into a single 
second period. The landowner knows the profit from both farming and development in the 
first period, but is uncertain about the profit from farming and development in the second 
pcriod. 

Let n /  be the profit from farming in period i, and let be the profit from develop- 
ment in period i. For the time being, we assume that the difference between profits front 
farming and development in the second period, (n;' - x i ) ,  can take two possible values: 
It takes a positive value (net gain), A E ~ ,  with probability of  P and a negative value (net 
loss), a n $ ,  with probability of ( 1  - P). Land will be developed in the second period only if 
(n,d - n:) turns out to be air:. Later on, we will relax this binary assumption to examine 
the degree of uncertainty on development decisions. A11 values from the second period are 
discounted. 

Under the traditional net present value approach, the land should be developed if the net 
present value is positive: 

where ( n f  - n:) is the net gain from development in the first period and [ P a n ;  + 
(1 - P ) A ~ ; ]  is the expected net gain from development in the second period. Alternatively, 
this decision rule can be written as: 

This decision rule works well when both profits from farming and clevelopment are relatively 
certain and there is no time available to defer development. However, when development can be 
revised at the start of second period, based upon information that has acc~tmulated concerning 
profits in the first period under uncertainty in the second period, this decision rule would lead 
to over-development because it ignores the option value from the flexibility of not developing 
the property if the decision is postponed and if the net benefit from development turns out 
to be negative. To derive this result, suppose the landowner waits a period before making the 
development decision. In this case, the expected net gain would be 

where (n / - n f )  is the nct gain from fiirrni~ig in tile first pcriod i lowever, if the landowner 
rtlakes the cle\~efopmer~t cJecisiorrs in the first pcr-lr~cl. the expcctccl net gain w o ~ ~ l d  be given by ( I  1. 
Thus, the landowr~er should clevelop thelr lariij in tlic first period ifanci only if ( 1  ) is greater than 
(3) .  Sctting (1)  to be greater than ( 3 )  and rcarrangi~tg terms. we obtain thc fitllowing optimal 
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decision rule for land deve~opment :~  

The right-lland side of (4) is greater than the right-hand side of (2) because PAX: > 0. 
This suggests that too much land would be developed if the option value from thc flexibility to 
defer the development is ignored in making development decisions. The difference bctwecn the 
right-ha~ld side of (2) and the right-hand side of  (4) is called the value of "flexibility option", 
which is what the landowner should be willing to pay for the development opportunity in the 
second period (Dixit and Pindyck, 1994). 

To examine the effect of the degree of uncertainty on development decisions, we assume 
that the net gain from development in the second pen0 J ( x i  - n l ) ,  takes a normal distribution, 
N(An;, a 2 )  instead of only two possible values, and that the landowner will develop the land 
in the second period only if n;' > n:. Tlie following truncated mean values are obtained based 
on the theorem of moments of the truncated normal distribution (Greene 1997, pp. 71 8). 

where a = -Ane2 /a ,  and @(.) and @(-) is the probability and cumulative distribution functions 
of the standard normal distribution, respectively. If the landowner develops the land in the first 
period the expected net present value is 

NPV = (nf - nif) + P [ E ~  > n[] - ~ [ n i  - n: In: > n:] + ~[n! < n:] 

However, if the landowner makes the develop~nent decision in the second period, the 
expected net present value is 

/ NPV = (X/-X:) + P [ x ~  > ~:]-~[n;'-niIni > ni] t < x, y ] O  

When the i~nrferlying tlevelopment dectsion 1s ttreverstble. as arc most tic\clupiriertt dcc~s~orts tntioI\ tng the 
conversion of lard frorn agrrc~tltt~rnl to urban use, the use of a certatnt? fi;rr-r~e\torh u i l l  b ~ a <  lcsrtlts about trhcn land 
should be dcvelopeci I~ttleec\ as \be leartl ~ I C ) J I ~  th15 opt~maf decis~on tuic. trncerrnltlt\i \ + ~ l l  generally tl-r~parl ;I\ optron 
\.alue to  trndeveloped Iarld and dolay the clcveloprnent of lailti f t ~ f ~ i l .  S;IV, ngricultuial to urban rise ( onscqitentlj, I I  we 
are to uncterstand \+ken land shoulci be tic\ielopeci 111 the plesence of i r~e \c i s rb~ l~ t~e \  ti 1s Imperative that we e\pl~crtly 
account for iincertatnty 
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Note that the landowner will develop the land in the second period only if the net gain from 
developmcl~t, (n: - E L ) ,  turns out to bc positive. The optiinal decision rule for dcveiopment 
in the first period is obtained when (7) is set to be greater than (8): 

Note that the left-hand side of (9) is a decreasing funtion of o because its clerivative with 
respect to o ,  -@(a)[l + (n;/~)~], is negative. This suggests that the grcater the uncertainty 
about profit from development in the future, the less likely that land is developed in the current 
period. This decision rule indicates that current development decision is a f~~nct ion of expected 
profits from both farming and development as well as the variance of profits in the future. 

3. Empirical specification 

To derive an empirically applicable mode of land use conversions, we rewrite the optimal 
decision rule (9) as: 

2(nf - n{) - o$(ol) + @ ( a ) ~ n S  = f (a) + E > 0, (1  0) 

where an error term, E, is added to capture the unobserved variations in landowner tastes and 
other random variables; f ( x )  is a vector of variables aflfecting the landowner's development 
decisions, including those affecting nf, n {; n Z ,  and An;. Our analysis is based on the land use 
share model that has been used in various land economic literature. The model estimates land 
use shares as functions of variables affecting land use allocations. The share equation can be 
assumed to take a logistic form (Tyrrell and Mount, 1982; Considine and Mount, 1984; Chavas 
and Segerson, 1986; Considine, 1990; Wu and Segerson, 1995; Hardie and Parks, 1997; Ahn 
et a/ . ,  2000). This body of work corroborates and extends the VonThunen theory3 and highlights 
how economic factors and physical landscape features influence land use allocations. The model 
is easily applied to spatially broad units such as counties and county groupings. We apply share 
equations to the west side and the east side of the Cascade Range. Equations are estimated for 
each side separately and both sides together. In discrete choice models, E is typically assumed 
to follow the logistic or normal distribution. Our equations are assumed to take the logistic form 

where P is the probability that the land is converted, ( I  - P) is the probability that the land 
remains unconverted, and Eli-') is the exponential function of explanatory variables. By taking a 
log of the ratio of the two equations. nie get 

log (" I - P  ) = f(*x-). 

' V O ~  rt~uncn's theory asserts that land valttes wrll be higltcst near the central market :znd decrease tvlt11 d~c;tnnce 
away from tlie center lntensrty of land use will also bc greatest near the center and decreasc w ~ t h  dist;tnce away froin 
tlic centel 

The Applied Regronal Sc~ertce Conference (ARSC) 1 Blackwell Pubiistiing Asla Pty Lcd 2005 



Cho, WU and Alig, Land Development Under Regirlation 

In empirical applications, P and (1 - PI are often estirnatetl as the shares of land converted 
and ttt~cor.ttlerted respectively. Thus, P/(1 - I>) equals the ratio of acres converted to acres 
uncotxver-ted in a cotlnty. The three share equations are specified for conversions of non-urban 
to urban land, farr~~land to  ton-farmland, and forest land to non-forest land as a function of 
expia~atory variables. The f~inctional form, J'{,Y), is assumed to be linear. Wc. estimate the 
following three land share equations for the west side, the east side, and the entirc region: 

where 

CU,, = 
RN;, = 
NAJf = 
RA, = 
NF;* = 
RF,, = 

Y ,  P ,  v = 
xi/ = 

t =  
v - 11. , &it = J t .  Jl 

acres of non-urban land converted to urban land in county j in period t 
acres of non-urban land remaining in non-urban uses in county j in period t ,  
acres of farmland converted to non-farmland in county j in period t, 
acres of farmland remaining in farm uses in county j in period t ,  
acres of forest land converted to non-forest land in county j in period t, 
acres of forest land remaining in forest uses in county j in period t ,  
vectors of parameters to be estimated, 
explanatory variables in county j in period t, 
periods of 1982-1 987 and 1987-1 992, and 
error terms. 

Farmland includes cultivated cropland, non-cultivated cropland, pastureland, and rangeland. 
Urban land includes urban and built-up land. Land that is not classified as farmland, forest land, 
and urban land is categorized as other land. Non-urban land refers to the combined group of 
farmland, forest land, and other land. Non-farmland refers to the forest land, urban land, and 
other land. Non-forest land refers to farmland, urban land, and other land. 

Acreage elasticities with respect to a vector of  parameters can be estimated using estimates 
from the equations (13)) (14)) and (15). For example, acreage elasticities of non-urban land 
converted to urban use with respect to X in county j in the period t are calculated using 

A - ( E N j t  ) 
e l f x  = - - - - ax,, ' C U , ~  

+ Yx . x.,, 
C U j ,  + RNIf 

where y s  is the coeficient of X. We estimated the elasticities evaluated at the means of  the 
non-ctummy variables. The acreage elasticity of a dumn~y variable, from zero to 1 when holding 
all othcr variables at their Inearl values, is given as the difference between the elasticity. with the 
dummy variable set equal to 1. mint~s the dumniy variable at zero. Sirnilarfy, acreage elasticities 
with respect to a vector of parameters for the firmland conversion and the forest land conversion 
models are calculated in the same way. 

One potential problem of the estimation is heter-oscedasticity, which is likely tu occui- 
because of vat-iat~ons in county size. land use history, attcl larlcl characteristics across counties. 
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The null hypothesis of no heteroscedasticity is tested using the L,agrange niultiplier (LM) tcst 
(Grecne, 1997, pp. 653-58). The null hypothesis is rejected at thc 1 %  sigrlificance level for 
each equation. This s~lggests that ttic three land conversion ecluations sho~ild be estimated 
sim~iltaneously. Beca~rse hetcroscedasticity appear to be present, the three land conversion 
models were estimated using the Seeniingly Unrelated Regression procedure. This procedure 
is appealing because it  corrects for hetcroscedasticity and contemporaneous correlation at the 
same time. 

Because the east and the west sides of the Cascade Range are so diRerent in terms of 
socioeconomic and physical characteristics, the Chow and Wald tests4 were conducted to check 
whether the regression coefficients may be regarded as constarit over the west and the east sides of 
the Cascade Range. A Chow test is a particular test for structural change; an econometric test to 
determine whether the coefficients in a regression model are the same in separate subsamples. 
In reference to a paper of Chow (I96O), "the standard F test for the equality of two sets of 
coeficients in linear regression models" is called a Chow test. The Chow test was used to test 
for structural change in some or all of the parameters of tlie model where the disturbance term 
was assumed to be the same in both sides. If they are not tlie same, the Chow test proves the 
existence of stri~ctural break between the west and the east sides. The Wald test is used to assess 
the statistical significance of the set of parameter estimates for a given variable. Specifically, 
it tests the hypothesis that each of the parameter estimates in that set equals zero. For our 
regression models, the Wald test checks the equality of each set of regression effects across the 
west and the east sides. 

The equations are estimated to compare and test the influential factors of the land conver- 
sions for each side of the Cascades. The explanatory variables of the equations are chosen based 
on the optimal decision rule of equation (10) in the previous section. The equation indicates 
that expected profits from both farming and development as well as the variance of profits in 
the future affect current development decisions. The previous studies used other independent 
variables that affect the expected profits from both farming and development because the ex- 
pected farm profits and housing prices in the future are difficult to measure. The other variables 
include average income, distance to the center of the closest metropolitan center, land quality, 
current housing prices, and farm profits. We used the expected variance of housing prices, 
the expected variance of farm profits, and covariance between farm profits and new housing 
values to reflect the variance of profits in the future as indicated in the decisions rule. Local 
land use regulations are incorporated in the model to reflect institutional factors involving land 
development. 

4. Data 

4.1 Land uses 

Data on land use were taken frorn the 1982, 1987, and 1992 National Resource Inventory 
(NRI). The NRI divides land use into I 1  major categories, which were g ro~~ped  into Sour 

' Schrtlidt and Srchles 11977) silowed that the C ' h o ~  tcst tintier 11eteroscetIast1~1ty ovete\rtunates the s~gnificailce 
level and the test becomes les.; accurate t l r~  the val-lances becornc moic different T(tyoc1a artd CJhtant ( 1  9861 and Ofi t ; tn~ 
and Ioyoda i 1985) sho\licd that the Wald test for testjng equalrty of sets of regress1011 cctefflc~ents III ttvo linear regression 
itniiet iieteiosccdast~c~ty i r ~  qlrtte likely to oveiestrmate the sign~licance levels of the i-te5t rtnt~stics of all coeffic~ents 
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tnajor categories in this stuciy (farmiand forest land, urban land, anrl other land). The four 
rtiajor categories are used in the thrce land conversiorl models, as we descrittccl in the empirical 
specification. 

lirban land accounts for 4% of the total land area on the west side of the Cascacfe Range, 
but less than 1% on the east side in 1992. The clifrerence in urban land i ~ s c  betwecrl the two 
sides has increased throughout the years. This reflects the fast-growing ~>opulation on the west 
side in the last few decades. There was more forest land on the west side than on the cast side, 
b~i t  the difrerence narrowed between 1987 and 1992 because of the increasing con~ersions of 
hrmland and other land into forest land on the east side and the development of forest land on 
the west side. This indicated that area of forest land on the east side has increased recently while 
forest land on the west side has been more vulnerable to development. 

Total farmland acreage on the east side is eight times larger than that on the west side. Total 
farmland acreage decreased on both sides of the Cascade Range, yet it decreased at a decreasing 
rate on the east side. The increasing rate of farmland loss on the west side is consistent with 
fast-growing land development on the west side. 

4.2 Land quality, location, and socioeconornic variables 

Data on average wages were obtained from the Bureau of the Census. Data on average 
farm profits per acre were obtained from the Census Bureau's Regional Ecorzoinic Infort~zation 
System: 1969-1997. Data on the average price of new housing units were obtained from USA 
Counties 1996 on CD-ROM, prepared by the Bureau of the Census. Average wages, farm profits 
per acre, and the average prices of new housing units for 1982, 1987, and 1992 were adjusted 
according to the consumer price index to 1982 dollars. All socioeconomic variables on the 
west side are greater in value than those on the east side. The gaps have increased consistently 
throughout the years. The average wage has increased, at an increasing rate on both sides. Farm 
profits per acre on the west side almost doubled between 1982 and 1987. Throughout the years, 
farm profits per acre on the west side have been more than three times those on the east side. 
This shows that there is a large difference in farming intensity and the types of crops grown 
between the two sides. Farm profits per acre decreased between 1987 and 1992 on the east side. 
This reflects, in part, the severe drought in the area in 1992. 

We estimated distance from the geographical center of each county (defined as the cross 
point of the median latitude and longitude) to the center of the closest metropolitan area (de- 
fined as a city with more than 100,000 people), and to the center of the closest "wildland" 
type national park (national parks located in a wildland area, e.g. Crater Lake National Park) 
defined by the National Parks classification systern. Information about the latitude and longi- 
tude of the geographical center of each county, the closest metropolitan area, and the closest 
national park were collected from the National Association of Counties iNAGo). The web- 
site. w\vw.indo.cotnidistance. was used to measure the aforementioned distances. using the 
tnfot-illation of latitude and lortgitude from the NACo. 

The average of land capability classes was calculated for each county. rising the survey 
rccorcls of the land capability class at each NRI sample site. The Natural Resources Conservation 
Scrtfice (N RCS) divides land capability into eight classes. wit11 1 being the l?est-quality land 
ancl 8 being the worst-quality land. Weighted average values of land capability classes indicate 
that land clilality is better over-all o ~ t  the west side than on the east side. 
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4.3 Local land use regulations 

A survey of land use policies was condttctcd to obtain information about county lancf use 
regulaticlns in five western States (California, Iciaho, Nevada, Oregon, and Washirtgton). The 
survey, coriductecl between August and October 1999, was serit to all county land use planners 
or equivalent positions in the five western States. The sut-vey asked whether each 1;tnd itse 
regulation hall bccri enacted by 1982, 1987, and 1992, to match available NRI data. 

The ovcr;tll response rate for tlie survey was 69%. The counties of Washington had tlie 
highest response rate (87%), followed by Oregon (78%). Thirty-one of 41 counties on tlic west 
side and 34 of 41 counties on the east side responded to the survey. Among land use policies, the 
number of counties with county comprehensive plans and urban growth boundaries increased 
by 30% on both sides between 1982 and 1992. The number of counties with agricultural zoning, 
forestry zoning, rural residential zoning, open space zoning, and on-site septic ordinances 
increased by 20% on both sides between 1982 and 1992. A brief description of these local land 
use regulations is provided in Table 1 .  

The number of counties with conservation zoning on the west side has doubled and remained 
at twice as many as those on the east side, throughout the survey years. Minimum parcel size has 
been the nlost popular local means of land zoning and ordinances on the east side. Developer 
exaction and dedication has been the most popular method of land acquisition; it increased by 
20% on both sides. The number of counties with fee-simple purchase increased by more than 
30% on the west side, while just one more county adopted it on the east side between 1982 and 
1992. Preferential property taxation has been the most popular incentive-based management 
method; it increased by 20% on both sides between 1982 and 1992. Environmental impact 
assessnients have been used widely on both sides. More counties on the west side adopted 
special assessments and impact fees. The specific goals of those counties' land use policies are 
described in Table I . 

It is a challenge to incorporate all land use regulation information into the empirical analysis 
because there are many forms of land use regulations. Some regulations, however, have similar 
effects on land use. We screened regulatory variables for use in the empirical analysis by 
first eliminating land use regulations that were ineffective, according to the county land use 
planners. Second, we created dummy variables for the remaining regulations, according to the 
enactment year. Ttie autocorrelations ariiong the dummy variables were tested. If two dummy 
variables are highly correlated the one that is less effective according to land use planners 
was eliminated. Third, the remaining variables were included in the empirical models. Those 
variables irtsignificant at the 10% level wcre dropped. After the three-step procedure, three 
regulatory variables wcre left. These were county coniprehensive plans, agricultural zoning, 
and forestry zoning. 

117 adtlitior~ to the county land use policies, the land use policy of mandatory review of a 
pro-ject involvrng kirmland conversion at the state level was included in the model. Washington 
is the only State that has a nianclatory review of projects involving farmlancl. conversion. A 
sumlnar-y of the variables useci i n  this empirical analysis is giver] it1 Table 2. 

5. Estimation results 

'Plie Itypothcs~s that all regression coeffic~cnts are not different for the west and the east 
sides of'the C'ascaile Rarige was tested with the Chow test. All F-valites for land devclcipriient, 
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Table I .  Specific ~ o s l  of cour t t~  la1tc1 use pulicv 

Land Use Polrcy Goal 

County comprehenstve pian Io set a vlrivrt and to giitcle development based on 
popkdatron projections and future lantl-use needs 

Agricnltural zoning 

Forestry zoning 

To set a Irrnit on ttie extenslo11 of urbart-type sercices such 
as pubizc sewer aitci water, while rcle~~ttfy~r~g enough 
biitldable land for 10-20 years 

,lo sepalate farrniilg activtttes fiont confl~cttng non-farm 
1a1ili n\cs 7b protect a crltlcdi inass of fat tns and farrilla~~d 

To protect a crttlcal mass of conirne~c~af timberland To 
separate forestry operattons from colifltct~ng non-forestry 
land uses 

K~lral residential zoning To provide an area for nonfarm and non-forest housing in 

Conservation zoning 

Open space zoning 

On-site septic ordinances 

the countryside. IJsually will have a 3- to 5-  acre minimum 
lot size. 

To protect sensitive lands. May take the form of large-lot 
zoning or an overlay zone. For example, floodplain overlay 
is a health and safety issue. 

To concentrate brtildings on part of a property while 
maintaining a significant amount of open space. 
Sometimes used to allow developers a bonus of more 
buildings on a site. 

To ensure proper installation and maintenance of on-site 
septic systems. To protect water quality and health. 

Minimum parcel size To set a inaximurn limit on the size of residential lots. 
Developer exactiorl and dedication To require developers to provide parks, streets, and even 

school space or cash in lieu of facilities return for 
development approval. 

Fee simple purchase To acquire property for public use, e.g. parkland. 
Preferential property taxation To encourage owners of farm and forestlands to keep their 

lands in those uses. To encourage the maintenance of 
l~istoric properties 

Environmental impact assessment To assess tlie likely effects of development on water, air, and 
land resources To look at alternative sites for proposed 
development. 

Special assessment and ~mpact fees To place the cost of certain public facilities, such as the 
extenston of public sewer or water service, on the 
laiido\vners in a specific area 

Source: Daniels, 1999. 

2.72; farrnlancl loss, 2.65; and forest land loss, 2.1 3, are greater than the critical value, 1.77. 
Therefore we would reject the hypothests that all the regression coefficients are not different 
for the west and the east slcies of the Cascacte Range at the 5% level for all three models. We 
also tested the l~ypoti~esis using the Wild test.' The Wnld value for land development, 31.24; 
fdrnllarrd loss, 30.02. and lhrest land loss. 29.89. IS  greater than the critical .value from the X "  
table. 27.59. Sct we also I-eject tflc hypotl~esis based on the wt ld  tcst. Bascd on these two tests, 

" I f  the srirnplc r \  rcasonnhly large wc c;tti d o  ;i \,liitf M,iid test to clrcck tf the d~sturbancc vat lances of the west :urd 
cnst sttics ;tie sarr-rc f ioitlevet, In '1 ~ 1 - 1 : k 1 1  oi motici,tie-,i/ctl \;iitlple. [Itc trr'ald test has the ptohicrn tllat the probability 

;I I tpc I error is per\tstentl> larger ttian the c:rt~onl lc\~el 7 I I ~  number of obser vattons of our data rnay or may iiot 
incot the stalltiat cis of tllc 's%"ilti resl 
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'fable 2. Sun~rrlary of variables 

\Vest East 

Srictoeco~iomrc Var~abIes 
Eat 111 profit ($1 

New houstng vnltie ($2,000) 

Average wage ($1,000) 
Risk Variables 

Variance of farm profit 
Variance of new housing value 

Covariance between farm 
profit and new housing value 

Land Use Policies 
County comprehensive plan 

Agricultural zoning 

Forestry zoning 

State planning 

Mandatory review 

Land Quality and Locatiorl Variables 
Land capability class 

Distance to tile closest metropolitan 
center (mile) 

Distance to the closest wilderness 
national park (mile) 

i'arrn profrt per acre nt the beg~r~ntng 
of the pertcid 

Value of private neii tioitslng itnits at 
the beglnnrtlg of the period 

Salary of the five year average 
Vartance of farm profit at the 

beg~nnlng of the per~od 
Variance of housing value at the 

beginning of the period 
Covartance between farm profit and 

new llouslng value at the beg~nn~ng 
of the pertod 

A durnmy vartable for the county 
comprehensive plan at the 
beginning of the per tod 

A dummy \/anable for the 
agricultural zontng at the begtnnlng 
of the pertod 

A dummy varlable for the forestry 
zon~ng at the beginn~ng of the 
perlod 

A dummy vanable for the state land 
use plann~ng at the beglnn~ng of the 
perlod 

A dutnmy var~able for mandatory 
revtew of project lnvol\ lng 
farmland conversion at the 
beglnn~ng of the pertod 

Weighted average of land capab~lity 
class wlth I bang the best land and 
8 being the worst land 

Dlstance fiom the geograph~c center 
of a count! to the closest 
met~opolttan center (poptllatton 
> 100.000) - 

D~starrce frorn the geograpllrc center 
of a county to the centel of the 
close\t \% rlder ness riat~clrial park 

we cortclude that we stiould estimate separate models for the east and west sides of the Cascade 
Range. 

Using the cstirnated coe-flficients ant1 tllc mean ialues of the variables. acreage elasticities 
with respect to socioeconomic vari;tbles, siqk variables. land ttse polic~cs. land quality, and 
locatiorl variables were calculatccf uslrrg ccluatror~ i 16) for Iltncl cieveloptncnt. fitrrnland loss. and 
forest land loss. The results are presented I ~ I  Triblcs 3-5. rcxpcctively. l+he gooctncss of fit of the 
three rnoctels on the tvest. cast, ancl entire area t-arigcs f.tct\vcen 0.65 ancI 0.75. ?'he goodrless of 
fi t  artd overall statistical sign~ficancc shon that tlrc models perfor-111 better for thc mcst side than 
on t11c east sltlc. 
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'fable 3. Estirrlated acreage elasticities from ttte larttt cievclopn~ent model 

Variables CVest Side l:ast S~cte I'ooled 

Soctoeconom~c \/arrables 
f nrrn profit 
Ne\+ hhousrng vaitie 
Average salary 

Iirsk Variables 
Variance of f'ttrnm profit 
Vat lance of new Itoitstng value 

Covar~ance between hi111 profit and new housing value 
Land Use Pollctes at the Begtnn~ng of the Perrod 

County comprehensive plan 
Agricultural zoning 
Forestry zonlng 
Ma~ldatory review 

Land Quality and Locatlon Variables 
Land capability class 
Distance to the closest mettopolitan center 
D~stance to the closest wildland national park 
System we~ghted R' 

F stattstlc = 2 72 
Wald statistic = 3 1 24 

Note: *significant at 10%; *"significant at 5%; '""significant at 1 %. 

The acreage elasticities with respect to farm profits and new housing values from all three 
models are significant at the 5% level, for both sides of  the Cascade Range. A decrease in farm 
profits causes more farmers to give up their land for development. An increase in new housing 
values provides developers with greater incentive for development. The positive elasticity of 
farm profits on forest land loss implies that developers look for alternative land to develop 
when development on farmland is more costly. This shows that forest land development is a 
substitute for farmland development. Higher income draws more developrnent on both sides; 
but the acreage elasticities with respect to income are greater and more significant on the west 
than on the east side. This implies that an increase in income will attract more developn~ent on 
the west side than on the east side. 

'The acreage elasticities with respect to the variance of farm profits are positive and sig- 
nificant at the 5% level in the farmland loss model for both sides. while they are negative and 
significant at the 5% level on the west side in the forest land loss   nod el. The variance of farm 
profits reflects the risks associated with farnting. It has a significant influence on farmland loss 
on both sides. It also afTects forest land conversions or1 the west side. Increasing uncet-tainties 
about farnt profits increase farmland loss, but decrease forest land loss. This provicles another 
piece of evlcience that forest land clevelopn~ent is a substitute for- fitrrr~land tfevelopment. Thc 
influence of variance of new housing val~les is negative and significar~t at the 5% level in all 
three moclels. The variance of new housing values is more significar-tt than the variance of'f'arm 
profits. This suggests that developers are more concernect with risks assoclatecl with I I O L I S I I I ~  
prices than with farm profits. 

'The acreage elasticities with respect to the covariance betwccn fr-lr-m profits ;tnd newr housing 
values are rlegativc and significant at the 5'?4 lcvel in the land detjelopment ancl farmlatttl loss 
tnocicis for both sides. and the ~nflucnce is gt-eater and morc sigrj~ficant in  the farmlartcl loss 
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'I'able 4. Estimated acreage elasticities from the farmlanrf loss model 

West Side 

Soc~oewnolnic Var~abies 
I;~nn profrt 
New 11ouslng \tll~le 
Average salary 

Risk bartables 
Vartan~e of farm profit 
Varrance of nebti housing value 
Covariance between farrn profit and new housing value 

Land Use Poltc~es at the Begrrrning of the Peiiod 
County cornp~ ehensive plan 
Agrtcultural zon~ng 
Forestry zoning 
Mandatory revtew 

Land Quality and Location Varrables 
Land capabiltty class 
Distance to the closest metropolltan center 
Distance to the closest wlldland national park 
System weigltted R~ 

F statistic = 2 65 
Wald statistic = 30 02 

Note "s~gnificant at 10%; ""significant at 5%, ***significant at 1% 

Table 5, Estimated acreage elasticities from the forest land loss model 

Variables West Side East Side Pooled 
-- 

Farm p~ofit 
New housing value 
Average salary 

Risk Variables 
Var~ance of farm profit 
Varrance of new housing value 
Covartance between farm profit and new housing value 

Land Use Polic~es at the Begirining of the Perrod 
County cornprehenslve plan 
Agricultural zoning 
For estr v zoning 
Marictatory revlew 

Land Qual~ty and I ocat~on Variables 
1 and capabrlrty class 
Distance to the closest metropolitan center 
Dtst'ince to the closost wtldland rlational park 
System we~ghted R' 

I- statrstlc - 2 i 2 

W,ild \tatistrc = 29 89 

model than In the land development model. Tliese resr~lts may reflect the fact that counties 
with a high correlation bct~vecn farm profits and new 11ousing values rirc n~;t~nIp agricriltural 
cour~ties. Thesc agric~~ltural counties ntay expcriertce less land development and t-Litrmlancl loss 
than no11-agricult~irt?1 counties. 
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Acreage elasticities with respect to the land use policy variattles indicate that irnplen~enta- 
tion of county land use policies via cot~nty compreherisive plans, agnctlltural zoning. forestry 
zoning, and a statc land use regulation of mandatory review negatively influence land devel- 
opment. These acreage elasticities are larger ancf more significarlt for the west side than for 
the east sidc. A1 though the two sides had approxiniately the same number of regulations, the 
regulations are more effective in controlling development on the west side than on the east side. 
The influence of  agi-icultural zoning on land development and farmland loss is significant at tlle 
I % level and is greater than thc influence of any other regulation. This implies that agricultural 
zoning is more effective in the management of larid development and farmland loss than the 
other regulations 

The elasticities with respect to forestry zoning in the three models show that forestry 
zoning reduces forest land loss, but it shifts land development to farmland. The positive and 
significant influences of agricultural zoning on forest land loss shows that agricultural zon- 
ing shifts development from farmland to forest land. Agricultural zoning unintentionally cre- 
ates more forest land loss; likewise, forestry zoning tinintentionally creates more farmland 
loss. 

The mandatory review of projects involving land conversion for the state of Washington is 
shown to be effective in controlling land development, farmland loss, and forest land loss. This 
is an instance where land use regulation at the State level can be effective in reducing farm land 
loss, if it is well managed. 

Acreage elasticities with respect to land quality and location variables for land development 
perform reasonably well. The influences of  land capabiIity class and distance to the closest 
metropolitan center on land development are significant at the 5% level on the west side. 
The influences are larger on the west side than on the east side. The influence of distance to 
the closest wildland national park in all three models for both sides is significant at the 5% 
level. The influence is larger on the east side than on the west side. The distance to the closest 
metropolitan center has a significant influence on all three land conversions, and the influence 
is larger on the west side. The larger influence on the west side is expected because there are 
fewer metropolitan areas on the east side of the Cascade Range. Likewise, the greater influence 
of the distance to wildland national parks on the east side is expected because of the greater 
number of wildland national parks in this region. 

6.  Conclusions 

The west and cast sides of the Cascade Range in Oregon, Washington, and California 
arc dramat~cally different in terrns of topographic features and socioeconomic characteristics. 
Thus, they offer an excellent "laboratory" to study the effects of land use regulations and other 
socioeconon~lc variables on land ctcvelopn1ent. 

We conlpared land development and regulation between the wcst and east sides of the 
Cascade Range ancf analyzed how differences in  socioeconomic factors, phys~cal landscape, 
profit uncertainty, and local lancl use policies had affected land dcvelopr-r~ent or1 the two sides. 
We found that land cievelopment was more responsive to changes in economic .variables on the 
wcst than on the cast s ~ d c .  For instance, an increase in income wrll attract niore development on 
tlic west slde than on thc cast slde. In addition, the nlest side was more actively invoivect in land 
use p lmn~ng ;and icg~ilat~on than the east side. As a r-esult, land use regulations reduced laricl 
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cfevelopment by a larger an~ount on the west sick than on the east side. Development attracted 
to metropolitan centers and better lantl quality occurred more frequentlq! ttn the west side than 
on the east side. 

We also found cornmarl attributes of land develop~nent on both sides. Forest land [level- 
opment is a substitute for farmland tle\ielopment on both sides. Agric~~ltural zoning is rnore 
effective in the management of land developrnent and farrnlal-td loss than other regulations on 
both sides. Agricultural zoning effectively reduced farrnland detjelopment, but inadverterltly 
shifted development to forest land on both sides. Likewise, forestry zoning effectively rectuced 
forest land losses, but inadvertently shifted development to farmland. The mandatory review of 
projects involving land conversions for the state of Washington shows that land use regulation 
at the state level can be effective in reducing farmland development. 

The authors would like to thank Brzice A. Weber for his assistance in designing a survey and 
two anonynzous referees for their comments on a previous version of this paper: 

Final version received January 2005. 
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