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Abstract

This study examines the effects of urban development pressure on ag-

ricultural land prices in Korea. It investigates the determinants of agri-

cultural land prices, focusing particularly on urban planning variables 

on agricultural land use. Since agricultural land price is in general 

closely related to the spatial characteristics of an area, it adopts a 

mixed GWR (geographically weighted regression) model in order to 

identify local and global effects of independent variables on agricul-

tural property values. Results of a mixed GWR model prove to be su-

perior to those of a global model (OLS) and standard spatial econo-

metrics models (SAR, SEM, SAC) in terms of model fits and stability of 

the parameters estimated. The model notes that spatial dependency 

and heterogeneity are particularly important in examining the varia-

tions of agricultural land price. The empirical results provide strong evi-

dences that such factors as man-made and natural features are 

closely relevant in determining agricultural property values.
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I. Introduction

Determinants of agricultural land price have long been an issue among 
researchers. Farmland comprises the largest portion of a farming family's assets 
and thus, it is critically important to understand factors influencing its value. 
Rent derived from agricultural income has always been considered as the major 
land price determinant, however, potential nonfarm uses of agricultural land 
has received increasing attention in recent years. Due to urbanization, urban 
demands for farmland are substantial and the present and expected shifts from 
agricultural to urban uses are a major market phenomenon of these days. 
Generally, the interaction of agricultural and urban market forces results in in-
creased values accruing to farmland owners. 

Urban economists(e.g. Capozza and Helsley, Brueckner) model the val-
ue of farmland as the discounted present value of future rents from a combined 
stream of agriculture and nonfarm uses. Using their theoretical model, Capozza 
and Helsley(1989) showed that the value of expected future rent increase may 
easily account for half of the average price of land and may create a large gap 
between the price of agricultural land at the urban boundary and the value of 
agricultural land rent. The idea behind the urban growth model of urban econo-
mists is that current farmland values represent the current value of future agri-
cultural and potential development rents. The model has been used to empiri-
cally estimate the effect of urbanization on farmland values(Cavailhes and 
Wavresky, 2003; Hardie, Narayan, and Gardner, 2001; Plantinga, Lubowski, 
and Stavins, 2002; Plantinga and Miller, 2001). Land prices often exceed the 
reasonably expected future returns from farming, even in the absence of a 
speculative agricultural land boom(Hardie, Narayan, and Gardner, 2001).

This study investigates the determinants of agricultural land prices, fo-
cusing particularly on urban development pressure. We employ several proxy 
measures of urban development pressure in county-level as explanatory varia-
bles of analysis. However, the issue of spatial heterogeneity centers on whether 
the marginal influence of characteristics is constant throughout the study area 
or varies over space. Since agricultural land prices are in general closely related 
to the spatial characteristics of an area, there is a need to incorporate these area 
characteristics in our statistical model. There is also the likelihood that some 
determinants exert influence on agricultural land prices differently across re-
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gions while others do to the same degree across the regions. A failure to in-
corporate spatial heterogeneity will result in biased coefficient and a loss of ex-
planatory power and may obscure important dynamics relating to the agricul-
tural land prices. To model this eventuality, the present study adopts the strat-
egy of mixed Geographically Weighted Regression model.

The remainder of this paper is organized as follows. We begin with a 
review of the literature. Next, the data and methodology employed in the study 
are detailed. We then compare the results of the models and discuss the spatial 
patterns observed in the data. Finally, a summary of the paper and conclusions 
are provided. 

II. Literature review

Agricultural land values and factors that affect such values continue to be of 
interest. Since the market for land violates the homogeneous products assump-
tion underlying the conventional supply and demand approach, hedonic pricing 
theory has been the theoretical basis for many empirical analysis of agricultural 
land prices. In hedonic pricing theory, a class of differentiated products is com-
pletely described by an array of objectively measurable characteristics (Rosen, 
1974). Due to their ability to capture the effects on property value of a change 
in individual characteristics, hedonic pricing models are widely used in measur-
ing the willingness to pay for a change in environmental characteristics. 

Early studies of agricultural land prices can be divided into two broad 
categories: those which concentrate on rent derived from agricultural income as 
the major land prices determinant and those which utilize not only agricultural 
factors but also nonfarm factors such as distance from urban areas.  

In the first category are the rent capitalization models in which net re-
turns to agricultural activities or proxies are used in conjunction with other ex-
planatory variables. Studies such as Alston(1986) and Chavas and Shumway 
(1982) have explained prices in terms of the discounted expected future returns 
from farming the land, with elaboration concerning expected interest rates, in-
flation, and speculative bubbles. Macroeconomic factors were brought in to ex-
plain prices that could not be readily explained in terms of observed or reason-
ably expected returns to farming. 
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However, agricultural land prices often exceed the reasonably expected 
future returns from farming, even in the absence of a speculative agricultural 
land boom. The second approach focuses on potential non-farm uses of agricul-
tural land. Variables such as farm income, soil characteristics and other land 
characteristics were used as agricultural factors while distance from urban areas, 
location, highway frontage, and other urban/industrial variables as nonfarm 
factors. Chicoine(1981) hypothesized agricultural land price to be a function of 
access to points of economic and social attraction, amenity and physical proper-
ties, the availability of public services, and institutional factors that influence 
the land market and its participants. Benirschka and Binkley (1994) used prox-
ies of net returns to agricultural activities and also nonfarm factors as variables 
to test whether land prices variability increased with distance to markets. 

Urban economists model the value of farmland as the discounted pres-
ent value of future rents from a combined stream of agriculture and nonfarm 
uses and the model served as the theoretical basis for a number of econometric 
analysis. In a competitive market, the price of land will equal the discounted 
sum of expected net returns obtained by allocating the land to its most profit-
able use. If agricultural production is currently the most profitable use, but de-
velopment for some other purpose is expected to yield even greater net returns 
in the future, then the current land price should reflect the returns to both uses 
in a simple additive form: the sum of the discounted stream of rents from agri-
culture up until the time of conversion plus the discounted stream of expected 
rents from development from that time onward (Brueckner 1990, Capozza and 
Helsley, 1989). With their theoretical model, Capozza and Helsley showed that 
in rapidly growing cities, the growth premium may create a large gap between 
the price of land at the boundary and the value of agricultural land rents so 
the growth premium may easily account for half of the average price of land.

In Korea, many agricultural economists conducted studies on agricul-
tural land price. However, most of their studies focused on determinants of 
price change and usually used time series data. For example, Lee and Cho 
(1996) studied the causality between farm land price and agricultural rent. 
Chae, Lee and Kim (2005) also performed Granger causality tests of farmland 
price, rent, rice income and debt/property ratio. However, there are little studies 
containing influence of farmland conversion and nonfarm factors in Korea. 
However, Kwon (2008) is an exception. He constructed a multilevel/hierarchical 
Bayesian hedonic price function and his model employed not only parcel-specif-
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ic characteristics but also region-specific variables such as population size, acre-
age, degree of industrialization and urbanization. 

Though many of those hedonic models are estimated using traditional 
regression analysis, alternative methods have also been attempted. Spatial de-
pendency and spatial heterogeneity are one of the econometric issues that has 
received attention in recent analysis of farmland prices. Because land parcels 
located in proximity to one another are prone to have similar unobservable 
characteristics, spatial error correlation is often present in land-use models. 
Hardi, Narayan and Gardner (2001) used spatial econometrics in their simulta-
neous equation model of farmland prices to test and correct for possible spatial 
autocorrelation between land values in neighboring counties. Jeanty et al. (2002) 
and Varrion-Flores and Irwin (2004) also adopted spatial models and the results 
indicated that ignoring the spatial configuration of the data and the presence of 
outliers would produce different inferences. Even though there are many spatial 
econometrics models abroad, lack of data has prohibited empirical spatial 
econometrics analysis on Korean farmland price. In this study, we tried to step 
up for better understanding determinants of Korean agricultural land price by 
using spatial econometrics models, especially by the mixed Geographically 
Weighted Regression approach.

III. Methodology

1. Mixed GWR

In this study, we examine a hedonic price model with variables selected based 
on previous studies. What most differs this study from other researches is that 
we are able to examine a varying effect of the same variable across the region 
by adopting a mixed GWR approach.

Suggested and developed by Brundsdon, Fotheringham and Charlton 
(1999), a GWR model can be defined as belows: 

    
 



      ⋯ (1)
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where  represents the regression coefficient for variable k at regression 
point i. In matrix notation, the parameters of a GWR model are estimated as 
follows: 

  
 

   (2)

where  is a spatial weighting matrix. There are several ways to determine 

 like Bi-square, Tri-cube, and Guassian, etc. and the present study selects 

exponential function shown in Eq.(3).

  


         and  (3)

The GWR model in Eq.(1) can be expressed as in Eq.(4), a mixed 
GWR version suggested by Brunsdon, Fotheringham and Charlton (1996).

    
 



  
  



    (4)

⋯s are global coefficients and  ⋯s are local coefficients. In 
matrix notation,

     (5)

where  
  



 . 

Assuming that   is known, we can use basic GWR procedure to esti-
mate .

    (6)

  




   

   


   

   
⋮

   

   




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Thus, the global coefficients are defined as

 
   

 
   (7)

If we apply Eq.(7) to Eq.(6), then we can derive local coefficients.
Mei, He and Fang (2004) suggested a test statistic that can verify the 

validity of the local and global coefficients. The coefficient  for each 
variable   ⋯ is estimated by the basic GWR model in Eq.(1) to 
identify its role as local or global variable. The test statistic suggested by Mei, 
He and Fang (2004) is as follows.

        ⋯                  

 


 




   

   



        

   




 




 for     

(8)1)

Leung, Mei and Zhang (2000a; 2000b) showed that the p-value of 
Eq.(8) can be approximated by the three-moment chi-square approximation as 
the following Eq.(9).

≈








   


   

   

   

 if      

   
  

  (9)2)

  
   



   


  
   



   




  
 


 and     

1) Refer to Leung, Mei and Zhang (2000a) pp.21-23 for specific notations.
2) Refer to Leung, Mei and Zhang (2000b) pp.880-883 for detailed explanations
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Since p(k) approximately follows chi-square with d degrees of freedom, based 
on Eq.(9), given null hypothesis can be tested. By using this test statistic, the 
present study identified global and local coefficients.3)

2. SAR, SEM, SAC

Spatial autoregressive model(SAR) assumes that observation that are near 
should reflect a greater degree of spatial dependence than those more distant 
from each other(LeSage, 1999).
 
    (13)

∼ 

M is an × vector of dependent variable and X denotes an × ma-
trix of explanatory variables. W represents spatial weight matrix containing 
contiguity relations or functions of distance. The scalar  is a coefficient on 
the spatially lagged dependent variable, and   denotes a parameter vector esti-
mated from explanatory variables.

The second model we utilize is the spatial autoregressive error model 
(SEM); it is based on the assumption that the disturbances exhibit spatial 
dependence.

   (14)
   

∼ 

The scalar  is a coefficient on the spatially correlated errors.
General spatial model(SAC) includes both spatial lag term and a spa-

tially correlated error term. 

3) For the validity of the test statistic, see simulation results of Leung, Mei and Zhang 

(2000b) pp.883-888.
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    (15)
   

∼ 

In this study, first-order rook contiguity, defining Wij=1 for regions 
that share a common side with the regions of interest, is an adopted weighting 
method of spatial weighted matrix and it is standardized.

IV. Data and Variables

1. Data

The data used in this study are basically from “Annual Report of the Declared 
Land Price” published by the Ministry of Land, Transport and Maritime Affairs 
of Korea, “a statistical yearbook” published by each province, 2005 Korea 
Census Data (2% sample), and statistics by Korean National Statistics Office. 

The ‘declared land price’ is the standard land price of 500,000 parcels, 
which are carefully selected from the nation’s 27 million parcels of land to 
represent the average land price of the county a parcel is located in and ap-
praised by Korea Appraisal Board. Since land use in Korea is regulated by 
zoning, the ‘declared land price’ is provided for each urban planning zone and 
non-urban lands which are not subject to urban planning zone. The “Annual 
Report of the Declared Land Price” provides a maximum and a minimum of 
‘declared land price’ of 247 counties of the nation, and we regard the median 
of the maximum and minimum of non-urban lands as an average price of agri-
cultural lands in a county, which is the dependent variable of this study. 

This study utilized the ‘declared land price’ in 2005. Since the main 
focus is on agricultural land prices, we excluded main metropolitan areas since 
they do not have non-urban lands in the counties. Island areas are also 
excluded. Ultimately, we utilized 112 county-level aggregate data for analysis.
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2. Variables

In this study we made the choice of the variables on four criteria: the purpose 
of the study, theoretical relevance, empirical evidence, and data availability on 
the characteristics of the properties in the sample. 

Average rate of change in population density is used as a proxy varia-
ble for urban growth rate. Capozza and Helsley(1989)’s theoretical model of 
land prices showed that the average price of land is an increasing, convex func-
tion of the rate of population growth and Plantinga, Lubowski and Stavins  
(2002) used the average change in population density as a proxy measure for 
the growth rate. 

They also showed in their price expression based on a spatial city mod-
el that the current price of recently developed land is positively related to the 
current average price of agricultural land. However, since we do not have data 
on recently developed land for each county, five other variables are included 
to measure urban development pressure’s influence on agricultural land prices 
instead. Average transactions in urban planning zone - residential sites, com-
mercial sites and industrial sites - are used as proxies of urban development 
pressure in the county. Average transactions of paddy and forest field in the 
county are also included. Jeanty et al.(2002) used the proportion of neighboring 
land sold in the previous years to control the neighbor's influence and their re-
sult indicated the variable has a strong positive influence on the value of the 
land. 

Length of paved road is used as a proxy variable of accessibility. 
Access has long been recognized as important in determining agricultural land 
values(Chichoine, 1981; Shonkwiler and Reynolds, 1986). Higher road density 
is expected to reduce travel cost and increase the land prices(Plantinga, 
Lubowski and Stavins, 2002). Agricultural rent or agricultural productivity is 
measured by average agricultural sales per farmhouse, and it is expected to be 
positively related to the agricultural land value. 

Since Korea’s biggest agricultural product has been rice, traditionally, 
we employed the cultivated acreage for rice as a variable which stands for a 
characteristic of land. If agricultural productivity of a county with larger culti-
vated acreage for rice is higher than others, then it may be positively related 
to land price. The relationship may also be negative if being a more traditional 
agricultural region negatively affects the probability of urban development or 
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Variable Explanation

Dependent Variable

Price Log of average land price of non-urban area (won/m2)

Independent Variable

Density Log of average rate of change in population density for 2001-2005

Road Log of length of paved road in 2005 (km)

Sales Log of average agriculture sales per farmhouse in 2005 (won)

Area Log of cultivated acreage for rice (ha)

Paddy Log of average transactions of paddy field for 2001-2005

Forest Log of average transactions of forest field for 2001-2005

Dwelling Log of average transactions of residential sites in urban planning zone for 2001-2005

Business Log of average transactions of commercial sites in urban planning zone for 2001-2005

Industrial Log of average transactions of industrial sites in urban planning zone for 2001-2005

Water Log of ratio of water supply in 2005

Econ_devlp Log of expenditures of economic development in 2005 (million won)

TABLE 1.  Explanation of Variable

Variable Mean Standard
Deviation Max Min

Dependent Variable
Price 11.99 0.70 14.35 10.23 

Independent Variable
Density -0.01   0.02 0.09 -0.06 

Road 5.84 0.42 6.69 3.99 
Sales 7.14 0.37 7.99 5.92 
Area 8.64 0.86 10.20  5.73 

Paddy 7.51 0.60 8.89 6.30 
Forest 6.85 0.68 8.78 5.54 

Dwelling 6.50 1.76 9.99 0.69 
Business 4.59 1.39 8.81 0.00 
Industrial 3.17 1.76 7.48 0.00 

Water 0.48 0.12 0.68 0.23 
Econ_devlp 11.18   0.77 12.23 4.38

TABLE 2.  Descriptive Statistics
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farmland conversion. The relationship is therefore uncertain. 
We employed proxy variables such as the ratio of water supply and 

government expenditures of economic development to account the cost of 
conversion. Where the expected cost of conversion to urban use is relatively 
low, higher returns from conversion is expected and it may enhance the ex-
pected future rent increase.  

In regression of the agricultural land prices, the logarithmic trans-
formation of both dependent and explanatory variables is executed to estimate 
the percentage change in dependent variable for a one percent change in in-
dependent variables.

V. Results

Table 3 presents the result of global/local coefficient test incorporating the 
three-moment chi-square test statistics suggested by Mei, He and Fang (2004). 
Among the eleven independent variables, we identify four variables as local pa-
rameters and seven independent variables as global at significance level 10%. 
One variable was identified as a local variable at significance level 5%.

Variable P-value Significance at 10% Significance at 5% Significance at 1%
Intercept 0.8370
Density 0.0485 Local Local

Road 0.9749
Sales 0.7729
Area 0.0219 Local Local

Paddy 0.0722 Local
Forest 0.8821

Dwelling 1.0000
Business 1.0000
Industrial 0.0520 Local

Water 0.6912
Econ_devlp 0.3741

TABLE 3.  Testing Results of Global / Local Parameter
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Based on the results, we set up a mixed GWR model using four local 
variables and seven global variables. In addition, we conduct four more estima-
tion using the same data but different approaches such as OLS, SAR, SEM, 
SAC and a basic GWR model for comparison. The estimation results are shown 
in Table 4.

Among all models, the GWR model and the mixed GWR have the 
highest adjusted R-squared statistic: 0.5520 in the GWR model and 0.4149 in 
the mixed GWR model. However, the intercept in the GWR model is estimated 
far larger than that in the mixed GWR model. When considering that, the 
mixed GWR has merit in being more stable and providing a better explanation. 

Among the seven variables identified as global parameters, length of 
paved road(Road) is negatively related with the agricultural land prices and sig-
nificant at .10 level. It is contrary to the expectation that increased accessibility 
opens up prospects for development and therefore elevates the land price. 
Similar results were shown in Son and Kim(1998). They pointed out that roads 
might be built in order to alleviate congestion in cities where the land use is 
already predominantly urban, rather than to encourage the development of the 
areas where conversion of rural land is desired. 

Increased average agriculture sales per farm family(Sales) show an ex-
pected positive sign reflecting the fact that increased agricultural productivity 
elevates agricultural land prices, but was not statistically significant. Average 
transactions of forest field(Forest) is positively associated with agricultural land 
prices and significant at .10 level. Average transactions of residential sites 
(Dwelling) and average transactions of commercial sites(Business) had small 
and insignificant coefficients. Two variables which are proxy variables for the 
cost of conversion, ratio of water supply(Water) and expenditure of economic 
development(Econ_devlp) were both statistically significant and positive. Higher 
level of social infrastructure would reduce cost of agricultural land, therefore 
elevating the possibility of urban development and the premium as well. 

The sign and magnitude of four local parameters for each region are 
presented in Figure 1 and Figure 2. The effect of average rate of change in 
population density(Density) changes across the regions. Furthermore, the sign of 
coefficient varies from minus to plus according to regions. It may imply that 
the effect of urban growth is not always positive to land prices. As seen in 
Figure 1, higher population density change is positively associated in SMA 
(Seoul Metropolitan Area including Seoul, Incheon and Gyeonggi) and central 
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Density: Log of Average rate of change in population density for 2001-2005

 

Area: Log of Cultivated acreage for rice (ha)

FIGURE 1.  Estimated local parameters for each region : Density and Area
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Paddy: Log of Average transactions of paddy field for 2001-2005

 

Industrial: Log of Average transactions of industrial sites 
  in urban planning zone for 2001-2005

FIGURE 2.  Estimated local parameters for each region : Paddy and industrial
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area(Gangwon, Chungcheong and Daejeon). The farther from SMA it is located, 
the more the region’s agricultural land price is negatively affected by pop-
ulation density change. 

Since larger cultivated acreage for rice(Area) may represent larger agri-
cultural produce, a positive sign of coefficient is expected in general. However, 
similar to population density change, effect of the variable declines as location 
of regions is getting away from SMA and even its marginal effect turns to be 
negative. The magnitude of negative effect was larger in the southwest area 
which has been a major rice production region.

Average transaction of paddy field(Paddy) is negatively related in most 
of the regions, except a few counties in SMA. The number of counties occupies 
approximately 10% of total number of counties used in the analysis. As seen 
in Figure 1, the tendency of negative effect of average transaction of paddy 
field is intensified in southwest area. 

The sign of average transactions of industrial sites(Industrial) was esti-
mated to be negative in general, except for north Gyeonggi and Gangwon prov-
ince, which is located in the northeast in central area. Considering that in-
dustrial activities tend to concentrate geographically in order to achieve agglom-
eration economies, transactions of industrial sites are expected to be negative 
to rural land conversion. Carrion-Flores and Irwin(2004) reported a similar 
result. In Figure 2, a steady trend of intensifying negative effect from the north-
east side to the southwest side is observed.

A GWR model specifies a separate regression model at every ob-
servation point, thus enabling a unique coefficient to be estimated at each loca-
tion (Brunsdon, Fotheringham, and Charlton. 1996). Since Eq (3) reflects the 
spatial dependency by the distance decay principle, estimated coefficients at 
each point can get various scales and even opposite signs of coefficient. 
However, even though some points get positive and other points have negative 
coefficients, direct interpretation of coefficients' magnitude and sign might 
cause some misunderstandings about the model. In GWR modeling, researchers 
can choose various kernels such as Eq (3), thus it is possible for them to have 
a different magnitude for a same coefficient with respect to different kernels. 
Therefore, it is a more accurate interpretation of magnitude and sign of co-
efficient to comprehend that marginal effect of independent variables might not 
always have constant influence on every point.

But some independent variables would have constant or similar influ-
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ence on each point and others might have different impacts. A mixed GWR, 
adopted in this study, allows us to identify global and local parameters 
statistically. Identified local parameters are also estimated by the original GWR 
method, and its coefficients should be understood in the GWR context. 
Therefore, identified local parameters' magnitude and sign do not have absolute 
effect on dependent variable, but have relative effect on observation points 
when researchers consider the spatial dependency and heterogeneity.

In this point, the empirical results of this study show that Korean agri-
cultural land price might not be explained by only constant impacts of its 
determinants. But rather, there exist global and local determinants. Estimated 
results imply that agricultural factors are likely to have constant marginal effect 
on agricultural land price and also that urban development factors are prone 
to affect agricultural land price differently even though there are some 
exceptions. These empirical findings would support an argument that appraisers 
should not apply a sole evaluation basis when they assess agricultural land lo-
cated in different spatial conditions.

VI. Conclusion

The present study examined determinants of agricultural land price in Korea fo-
cused particularly on the effect of urban development pressure. Based on coun-
ty-level data of Korea, explanatory variables that approximate both agricultural 
productivity and urban development pressure were introduced in to a hedonic 
model. In estimation, we adopt the strategy of mixed GWR modelling to deal 
with spatial heterogeneity which occurs in the analysis over space. 

Not surprisingly, the results indicate that both agricultural productivity 
and nonfarm use potential affect agricultural land price of Korea. Not surpris-
ingly, our results indicated that agricultural land price increases with average 
agriculture sales, ratio of water supply, expenditure of economic development 
and transactions of forest field. A larger cultivated acreage for rice was found 
to affect negatively agricultural land price, implying the decline of the tradi-
tional agricultural region of Korea. Only the negative sign of length of paved 
road was different from the expectation. 

We were also able to estimate the non-stationary of coefficients of de-
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terminants and its variation across the regions, discerning local and global effect 
of each variable through the mixed GWR approach. Our mixed GWR model 
showed superiority over other models such as OLS, standard spatial econo-
metric models, and basic GWR model on its explanation power and stability. 
Among eleven explanatory variables of our analysis, four variables were identi-
fied as local parameters whose coefficient varies over space. Three of four local 
parameters were proxies for urban development pressure. This result indicates 
that the influence of factors that affect agricultural land price varies across re-
gions and we cannot simplify the role of urban development pressure in agricul-
tural land price as constant throughout Korea. Urban growth may influence ag-
ricultural land prices both positively and negatively according to regions, and 
the differences should be considered when policy decisions are made. 

Further research needs to be done to uncover the exact nature of spatial 
heterogeneity in agricultural land prices. The counterintuitive mixed GWR esti-
mates found at some locations deserve further attention as well. Plus, this study 
was conducted based on aggregate data at the county-level, but more detailed 
information on geographical characteristics of land in parcel-level would allow 
us to detect clearer effects of such variables on agricultural land prices. While 
this study provided general tendency of Korean rural land prices influenced by 
urban development pressure, more intricate and deeper study is needed in the 
future. 
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