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Abstract

Zdenek, R., Lososova, J. & Mrkvicka, T. (2019). Determinants of agricultural land rent and its development in
Czechia. Bulgarian Journal of Agricultural Science, 25 (6), 1114-1121

The paper deals with the main factors influencing agricultural land rent and its development. We use our own sample survey
data of agricultural farms complemented by the data from other sources. The sample contains 48 identical farms between 2011
— 2015 from the whole territory of the Czech Republic. The data were analysed with the mixed effect model. We investigated
the influence of both agricultural and non-agricultural factors. Of the observed factors explaining the growth in land rent, the
most important factor is time. Other significant agricultural factors are land share in the LFA, the area of utilised agricultural
land, production orientation on crop production, livestock density and the share of rented land. Population density is the only
significant non-agricultural factor.

Keywords: land rent; agricultural land; mixed-effect model

Introduction

The Czech Republic is a country consisting of a large
number of small landowners, most of whom do not farm the
land themselves. The restitution of agricultural land resulted in
a severe fragmentation of ownership, sharply contrasting with
the extreme land-use concentration (about 5% of the farms use
about 75% of the land) (Lost’ak et al., 1999; Voltr, 2000; Dou-
cha & Divila, 2005; Sklenicka et al., 2014). Due to the previ-
ous developments, the share of rented land is higher in the
Czech Republic compared to the rest of the EU (Lososova et
al., 2017). The share of rented land was 53.8% in the EU28 in
2015 (last published year) according to the FADN public data-
base (FADN, 2018). The countries with the highest proportion
of rented land are Slovakia (91.4%), Bulgaria (84.4%), France
(82%), Malta (81.8%) and Czech Republic (77.3%). On the
other hand, the lowest proportion of rented land was in Ireland
(18.6%), Portugal (21.8%) and Poland (25.6%). However, it is

important to note that not only the high proportion of rented
land but also the area of rented land. While (again according
to FADN 2015) the average area of rented land was 18.3 ha in
the EU28, in the Czech Republic it was 158.1 ha (in Slovakia
even reaching 482.9 ha).

The aim of this article is to find out the factors that form
the price of renting the land in the territory of Czech Re-
public. The aim has emerged from discussions with farmers
who feel a great deal of concern about the growing demands
of landowners that had led to land rent becoming their most
dynamic cost item.

Most of the current work is focused on research on the
price of agricultural land rather than on renting agricultural
land. According to the capitalization theory (Akerson, 2009;
Matiik, 2011), the price of land is equal to the present value
of the expected returns from the rented land. This relation-
ship between the market price of land and the rent can be
expressed as (Clark et al., 1993; Stielecek et al., 2010)
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P=R-T)/i,

where P is the market price of the land, R is the land rent, 7'is
the land tax and i is the capitalization rate. They have found
the relationship between land prices and land rents to be in-
consistent, which means that the simple asset pricing model
does not hold. Falk (1991) found that although movements
of farmland rents and prices are highly correlated, price
movements are more volatile than land rent movements. One
of the causes may be the existence of long-term lease agree-
ments. The very fact that the land is managed by the owner
or tenant can influence the market price of the land. Results
by Choumert & Phélinas (2015) show, that plots rented have
a lower value relative to plots owned (all other things being
equal). This can mean that land owned may be under bet-
ter conservation practices than land rented, as there may be
fewer incentives to adopt long-term practices.

Factors affecting the land price as well as the land rent
were researched by Huang et al. (2006). Land productivity,
land size, distance from major cities, index city—countryside,
farm density, income and inflation were set as explanatory
variables in the analysis. The regression shows that land pric-
es are positively correlated with soil productivity, population
density and personal income per capita. On the other hand,
it is negatively correlated with the land size, rural character
of a district and the distance from city centres. Craig et al.
(1998) modelled the land prices as a function of land type,
terms of trade, traffic conditions and geographic and demo-
graphic factors while Kocur-Bera (2016) identified the key
determinants of agricultural land prices as the location of land
relative to rural settlements, soil quality, land fragmentation,
forest cover in the municipality, and the location of farms in
less-favoured areas. Czyzewski et al. (2017) divide factors in-
fluencing land price into the quantitative and the qualitative.
Among the quantitative attributes, distance from a city and
distance from buildings have the greatest influence on land
prices; among the qualitative attributes, the most significant
are the type of rural area and building permission. The results
of the analysis by Ustaoglu et al. (2016) in the EU-28 indicate
that agricultural land values in Europe vary substantially and
depend on a number of factors. The factors causing variations
of the agricultural land value are: differences in production
costs, revenues from agricultural production, the growth rate
assumptions regarding the costs and revenues between 2010
and 2030, and geographical differences in discount rates.
Breustedt & Habermann (2011) apply a spatial regression
model to determine spatial relationships among the farmland
rental prices of neighbouring farmers in Germany.

Hamza & Miské (2007) described the adjustment of land
rent in Hungary during the accession to the EU. The land

rents are bound to the yield and the price of wheat grain on
the grain exchange. Many landowners do not agree with
such price setting and prefer a fixed amount such as a certain
percentage of subsidies (40-50% in this case). According to
Stoyneva (2007), the land rent situation in Bulgaria is similar
to Hungary. There are no significant differences in the land
rent across the regions and the land rent mainly depends on
the agricultural income level. The land rent amount is mainly
determined by the demand and is neutral towards supply.

Boinon et al. (2007) and Ciaian et al. (2010) analysed the
effects of the Common Agricultural Policy on agricultural
land prices and land rents across the EU states. The results
of their studies show that the introduction of a single pay-
ment scheme area has a greater impact on rents than on land
prices. Feichtinger & Salhofer (2016) discussed the extent
of the capitalization of decoupled direct payments into land
rental prices in Bavaria. Furthermore, studies conducted e.
g. by Featherstone & Baker (1988), Barnard et al. (2001),
Happe & Balmann (2003), Roberts et al. (2003), Lence &
Mishra (2003), Latruffe et al. (2008) and Patton et al. (2008)
demonstrated the positive impact of direct payments on land
rent. In this context, Marks-Bielska (2013) divided the mo-
tives of tenants and buyers of agricultural land into three
categories;(1) to expand their own farmland or to set up a
new farm; (2) or investment due to the expected increase of
land prices; (3) or to benefit from EU funds. Kilian et al.
(2012) answered the question of whether a change in policy
has any impact on agricultural land rents and the degree of
capitalization of support. As a result of decoupling, a high
capitalization rate into land values can be expected. Remain-
ing high land prices may create a barrier for structural ad-
justment and to the entrance of new farmers and potentially
hinder the competitiveness of European agriculture.

Sklenicka et al. (2013) regressed the influence of eight
variables (municipality size, the size of a parcel sold, soil
quality stated by official prices, the distance between a sold
parcel and the edge of a settlement, the accessibility of the
land, travel time to the capital city, travel time to a regional
town, travel time to a district town) on the price of agricul-
tural land in Czechia using a linear regression model. The
results showed that the most influential factor is the distance
from a current settlement. Other significant factors were the
size of a municipality, the distance from the capital city, the
accessibility of the land and the land fertility. The results
were interpreted by setting a threshold value for significant
factors that support the future non-agricultural use of land
and significantly boost the current price of the land.

In most Central and East European countries land was
privatized by restitution. The land was given back to former
owners or their descendants within certain limits of size. If
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the restitution of the original land was not possible for some
reason, another land parcel of similar size and quality had
to be given as a replacement (Burger 1998). In Czechia the
restitution resulted in a severe fragmentation of ownership,
sharply contrasting with the extreme land-use concentra-
tion with about 5% of the farms using about 75% of the land
(Lostak et al. 1999; Voltr 2000; Doucha and Divila 2005),
95% of agricultural land being leased, and with less than
1% of landownersactively involved in agriculture (Banski,
2017).

Data and Methods

Data

The paper uses our own sample survey data of agricul-
tural farms complemented by data from the Czech Statistical
Office as well as from the online application www.mapy.cz.
The sample contains 48 identical farms in 2011 — 2015 from
the whole territory of the Czech Republic.

The influence of the these stated fixed effects (both ag-
ricultural and non-agricultural) on land rent was tested: uti-
lized agricultural area; area of rented land; share of rented
land; share of land under LFA (total, in mountain LFA, in
other LFA); share of arable land; operational subsidies di-
rectly connected with land (single area payment scheme,
less favoured areas, environmental subsidies); share of ag-
ricultural land in the municipality; livestock density; admin-
istrative price of land; and non-agricultural indicators are:
distance to the capital; distance to regional centre; distance
to district centre; distance to municipality with extended
competence; distance to municipality with authorized mu-
nicipal office; population density; average altitude. These
are complemented with categorical variables such as legal
form (cooperative, joint-stock, limited liability and company
of individual); economic size' (small and medium); and pre-
vailing production orientation (plant, animal and mixed) ac-
cording to the share of revenues. Their basic characteristics
are shown in Tables 1 and 2.

On the basis of a literature survey, a positive effect on
the following factors can be hypothesized: area (and share)
of rented land (that represent demand), administrative price
(which represents soil fertility; Sklenicka et al., 2013; Dir-
gasova, 2017), share of arable land, operational subsidies
(Fuchs, 2002), livestock density (Fuchs, 2002; Breustedt
& Habermann, 2011) and population density (Huang et al.,
2006). For other factors, we assume the effect is either nega-
tive or cannot be estimated ex-ante.

'Commission Recomendation of 6 May 2003 concerning the
definition of micro, small and medium-sized enterprises.

Designed model

The data were analysed by mixed effect model (Zuur et al.,
2009), where the farm was taken as a random intercept effect
whereas all the other factors were taken as fixed effects. The
residual plot and qq plot were checked for the assumptions of
the model. The mixed effects model is defined as:

ril = b() + Zj bj xjir + Ciﬁ + uil
where 7, is the land rent per hectare paid by farm i during the
time period ¢, b, is intercept, bj are regression parameters of
fixed effects, X, is fixed effect j at farm i during the period ¢,
c, is the parameter of random effect assumed to be N0, d?),

/; is random effect (farm i) and u, is residual term with i.i.d.

N(0, 6°). Estimate of model parameters was performed in R (R
Core Team, 2017) using library ,,nlme* (Pinheiro et al., 2017).

Results and Discussion

The sample contains 48 identical farms between the
years 2011 — 2015, out of which 54.2% are cooperatives,
29.2% are joint-stock companies, 14.6% are limited liability
farms and the rest are individuals. This structure may seem
unusual, but in the Czech Republic, most of the land is man-
aged by legal entities, although individuals are predominant
in terms of a number of enterprises®. Surveyed farms are
evenly distributed and operate in 10 regions of the Czech
Republic. There are 27.1% of the farms operating outside the
LFA area, 22.9% are operating within the mountainous LFA
region, and 50% in LFA in other regions.

The range of land rent within the sample was stable be-
tween the years 2011-2013, ranging from 200 CZK.ha' to
4000 CZK.ha'!, with a maximum increased to 5000 CZK.
ha' in 2014 and to 5100 CZK.ha' in 2015 (Figure 1). The
hypothesis of consistent distribution of land rent in each year
is rejected by Friedman’s ANOVA (y*(n=48, df=4)=131.7,
p-level <0.001).

The average land rent price per hectare increased from
1068 CZK (2011) to 2115 CZK (2015) and is increasing
annually by approximately 18.6%. The distribution of land
rents is characterized by a mild right-sided skewness and
high kurtosis, both of which are decreasing in time. The sam-
ple median grew from 915 CZK (2011) to 2000 CZK (2015).

For comparison, the EC (2016) shows the average price
of renting one hectare of agricultural land (arable and grass-
land) between 2011-2015, respectively 56, 61, 66, and 73
EUR.ha'! (in Czech Republic; annual growth of 9.2%), and
after conversion with an average annual exchange rate CZK
/EUR 1377, 1534, 1714, and 2010 CZK ha™".

*https://www.czso.cz/documents/10180/20567009/212712k06.pdf
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Fig. 1. Box plot of the land rent

Source: Sample of farms

Although from the point of view of the cost structure, the
rent was among the less important cost items; its share in the
costs is steadily increasing due to the increase inland rent per
hectare despite the decreasing share of land rented (2.21%
of the total costs in 2011, 4.02% of the total costs in 2015).

Table 1 shows the basic characteristics of the continuous
fixed effects. The third column lists the average, minimal and

Table 1. The basic characteristics of explanatory variables

maximal value, and the coefficient of variation in 2015, and
the dynamics of the average value — the index of the average
value in 2015 to 2011. For each variable, a hypothesis on the
compliance of variable values over five years is being tested
using the Friedman test (the last column contains the value
of the test statistics and the reached level of significance).

Significant differences are approved in the utilized agricul-
tural area where the average land area is reduced from 1688
ha (2011) to 1630 ha (2015); area of rented agricultural land
decreased from 1522 ha to 1373 ha; the share of land rented
decreased from 90.3% to 84.8%; operational subsidies per
hectare increased from 6820 CZK.ha'! to 7260 CZK ha™! (maxi-
mum was 8152 CZK ha! in 2014); livestock density gradually
increased (from 0.458 LU.ha! to 0.517 LU.ha'), and the ad-
ministrative price of land also increased (from 4.49 CZK.m? to
5.73 CZK.m?). The share of agricultural land in municipalities
declined from 59.1% to 58.7%. For other indicators, differences
in the values of the indicators have not been approved. Indica-
tors of distance to the centres have not been tested.

Table 2 shows the values of the rent (average, minimal and
maximal values, and the variation coefficient in 2015) accord-
ing to the values of categorical variables. Using the Kruskal-
Wallis test, the hypothesis on the distribution of land rent among
the values of the categorical variable in individual years was
tested (third column). In the case of a legal form, the rent is not

Variable Abbreviation Data average; min; max; Friedman’s test
[unit of measure] coefficient of variation [%] in Y(n=48,df=4),
2015; index (avg’15/avg’11) p-level
Utilized agricultural area UAA[ha] 1630; 424; 5301; 62.8; 0.97 53.9;<0.001
Area of rented agricultural land rentedL [ha] 1373; 361; 3960; 62.9; 0.90 102.8; < 0.001
Share of land rented Yrented 0.848; 0.374; 1.0; 13.5; 0.94 98.9; <0.001
Share of land under LFA %LFA 0.744; 0; 1; 55.4; 1.01 2.22;0.695
Share of land under LFA mountain %LFA-M 0.228;0; 1; 167.6; 0.99 4.88; 0.300
Share of land under LFA other %LFA-O 0.436; 0; 1;102.4; 0.97 5.34;0.254
Share of land under LFA specific %LFA-S 0.058; 0; 1; 352.4; 1.00 4.37;0.359
Share of arable land Y%arableL 0.668; 0;0.994; 37.7; 1.00 3.88;0.423
Operational subsidies opSubs [CZK ha''] 7261;3561; 14050, 29.7; 1.06 125.2;<0.001
Livestock density (per hectare) livDens [LU ha'] 0.517;0; 1.025;44.6;1.13 37.4;<0.001
Administrative price of land admPrice [CZK m?] 5.73; 1.42;15.50; 62.0; 1.28 85.9;<0.001
Distance to the capital Dcapital [km] 144.6; 14; 287; 38.0 -
Distance to regional centre Dregional [km] 52.0; 8; 106; 43.0 —
Distance to district centre Ddistrict [km] 18.9;0; 43;50.9 -
Distance to municipality with extended competence DmunExt [km] 10.7; 0; 30; 59.5 —
Distance to municipality with authorized municipal office DmunAuth [km] 8.2;0;21;58.4 —
Population density in place of business popDens [inhabitants km™] | 89.57; 10.18; 398.7; 104.2; 0.99 5.52;0.238
Share of agricultural land in the municipality Y%agrLmunic 0.587; 0.200; 0.861; 27.9; 0.99 65.9;<0.001
Average altitude of cultivated land alt [m] 485.6; 230; 830; 27.0; 1.01 2.31;0.679

Source: Sample of farms
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Table 2. The basic characteristics of explanatory categorical variables

Individ: 3000

Variable Value: data average; min; max; K-W ANOVA for land rent Values (frequency),
coefficient of variation [%] p-level Friedman’s ANOVA
Legal form Coop: 2203; 300; 5100; 49.0 2011: H=0.270 p =0.966 Cooperative (26): > =83.1; p <0.001
LegF Stock: 2086; 895; 4521; 45.2 2012: H=0.279 p =0.964 Joint-stock (14): x> =28.7; p < 0.001
Limited: 1736; 200; 2500; 49.9 2013: H=0.755 p =0.860 Limited liability (7):y* = 18.4; p=0.001

2014:

2015

:H=2.471p=0.481

H=1.430 p=0.699 Individual (1): ---

Economic size
EcSize

Small: 1963; 200; 3232; 39.1
Medium: 2393; 1000; 5100; 54.5

2011:
2012:
2013:
2014:
2015:

H=0.884; p = 0.347
H=0.411;p=0.522
H=0.274; p=0.601
H=1.278;p=0.258
H = 0.205; p = 0.650

Small (31): x> =86.7; p < 0.001
Medium (17): > =45.9; p < 0.001

Prevailing production
orientation
ProdOr

Plant: 3536; 1780; 5100; 37.3
Animal: 1736; 200; 3000; 46.6
Mixed: 1991; 1000; 3232; 30.1

2011:
2012:
2013:
2014:
2015:

H=5.071;p=0.079
H=28.704;p=0.013
H=5.922;p=0.052
H=3.442;p=0.179
H=10.778; p=0.005

Source: Sample of farms

different in individual years between the particular legal forms,
as well as the economic size of the enterprise. According to the
production orientation, the differences in land rent are signifi-
cant in two years out of five.

Using the Friedman test, the hypothesis on the compliance
of distribution of the rent for the individual values of the cat-
egory variables over 5 years is tested. In all groups, according to
the legal form and the farm size, there are significant differences
in the shape of the distribution of land rent. For the production
orientation, the Friedman test was not carried out because the
production orientation of farms in individual years varies ac-
cording to the current sales structure.

A number of explanatory variables represent a strong de-
gree of mutual statistical dependence; therefore, in cases where
|| > 0.6 a variable that displays a lower correlation coefficient
with the land rent will be removed (as suggested by Cipra
(2008:118)). The highest degree of linear statistical dependence
is given by the variables of utilised agricultural area (UAA) and
area of rented agricultural land (rentedL, » = 0.98). Therefore,
the variable rentedL will not be included in the model because
it simultaneously shows a lower dependency degree than the
variable UAA. Another pair with a high degree of dependence
is the share of arable land (%arableL) and operating subsidies
per hectare (opSubs) with » = —0.9; in this case, the variable
subsidy per hectare will be removed. Negative strong correla-
tion occurs between the share of land under LFA (%LFA) and
the administrative land price (admPrice), so the %LFA (%LFA
total, shares of LFA in mountain, other and specific areas stay
in the model) will not be included in the model. The altitude
is heavily correlated with several variables (%oLFA — already
discharged, %LFA-M and administrative land price). The ad-
ministrative price shows a stronger dependence on the rent, so

the altitude will not be included in the model. Furthermore, the
share of agricultural land in the municipality (» = 0.64) will be
omitted from the model from a pair of the share of arable land
(%arableL) and the share of agricultural land in the municipal-
ity (%oagrLmunic). After the exclusion of these variables, the
%LFA-M and %arableL (» = -0.59) remains the pair with the
strongest correlation.

The most powerful predictors of land rent are time, land
share in LFA-M and LFA-O, utilised agricultural area, produc-
tion orientation on crop production, livestock density and share
of rented land (as agricultural variables), and population density
as a non-agricultural variable (Table 3).

Land rent is positively and significantly influenced by time.
Time enters the model as an ordinal variable. The year 2011
serves as a reference year and for the following years, the re-
gression coefficients are positive and highly significant. Land
rent grows between 2011 and 2015 independently of other fac-
tors. This trend has been described for the new member states
of the Eastern Bloc in Lososova et al. (2013). In the period 2004
—2009 land rent of the NMS was growing by 10.3%, in Czechia
13% per year.

The coefficients of the share of the land in LFA (mountain
and other) are significant. With the increasing share of land in
LFA, the land rent decreases, namely faster in mountain areas
(for 100% area in LFA-M 901 CZK ha™).

The next important factor is the utilized agricultural area.
The utilized agricultural area, due to the high proportion of
rented land, influences the demand curve of the rent, with the
increase of the demand curve upward for increasing UAA.

The production orientation on mixed production serves as
a reference variable. Prevailing plant production significantly
increases the land rent (the variable representing livestock pro-
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Table 3. Estimate of parameters of mixed effect model

Fixed effects Estimate Std. error df t-value p-value
Intercept 2136.8 831.6 175 2.57 0.011
Year 1 Reference

Year 2 178.3 68.9 175 2.59 0.011
Year 3 327.1 70.7 175 4.63 0.000
Year 4 673.6 72.7 175 9.27 0.000
Year 5 982.5 81.1 175 12.12 0.000
LegF — Stock Reference

LegF — Coop 172.6 168.0 175 1.03 0.306
LegF — Individual -527.9 628.1 40 -0.84 0.406
LegF — Limited 80.2 329.4 40 0.24 0.809
ProdOr — Mixed Reference

ProdOr — Plant 365.8 149.1 175 2.45 0.015
ProdOr — Animal 110.9 95.7 175 1.16 0.248
EcSize — Small Reference

EcSize — Medium -148.9 123.8 175 -1.20 0.231
popDens -2.46 1.14 175 -2.15 0.033
Dcapital 2.74 1.70 40 1.62 0.114
Dregional 2.29 3.79 40 0.60 0.549
Ddistrict -10.30 9.56 40 -1.08 0.288
DmunExt -18.43 16.18 40 -1.14 0.262
DmunAuth 10.30 22.28 40 0.46 0.646
UAA 0.24 0.10 175 2.47 0.014
Y%arableL 45.4 341.9 175 0.13 0.895
Y%rentedL -1115.5 574.8 175 -1.94 0.054
%LFA-M -901.2 299.5 175 -3.01 0.003
%LFA-O -608.4 224.4 175 -2.71 0.007
%LFA-S -298.2 486.9 175 -0.61 0.541
admPrice 22.8 21.1 175 1.08 0.280
livDens -475.0 242.9 175 -1.96 0.052
AIC 3378.6

BIC 3469.6

Source: Sample of farms

duction is insignificant). While for the predominant livestock
production, the average rent is 1736 CZK ha! and for mixed
production it is 1991 CZK.ha'!, in the case of the prevailing
plant production, the rent is 3536 CZK.ha' (in 2015). Farms
focused on crop production pay roughly double the rent (com-
pared to livestock farms) in all years except for 2014 (Figure 2).

This demonstrates the link with land quality and its yield,
although other factors such as land use intensity may have an
impact. Extensive grazing has a positive influence on soil qual-
ity and, on the contrary, intensive use in crop production can,
under certain conditions, devastatingly affect the quality of the
soil. The connection of rental growth and declining soil quality
is pointed out in Lyu et al. (2019).

The share of rented land and the livestock density are at the
limit of statistical significance. The impact of livestock density

on the land rent is negative in contrast to e.g. Fuchs (2002) or
Breustedt & Habermann (2011) who found a positive impact
of regional livestock density. They conclude that although live-
stock subsidies may support farm incomes, they also increase
land rent in the long run and the overall effect on farm incomes
is dissipated.

Surprising is the negative sign of the coefficient of the
population density, which we assumed to have a positive effect
(as Huang et al., 2006). Variables of distance from cities usu-
ally have a strong effect on the market prices of land for non-
agricultural use and do not affect market prices (and similarly
rent) land for agricultural use (respectively, interaction between
distances from cities and specific plots from existing buildings
is an important factor — for use as a future build-up area). Ac-
cording to Sklenicka (2013), only the distance to the capital is
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orientation (2011-2015)
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significant in terms of the market price of the land. Also, Drobne
et al. (2008) concluded (in the case of Slovenia), that accessibil-
ity to the capital significantly influences rural land prices. In our
case, the distances from the centres of all levels (from the capital
city to the municipalities with the authorized municipal office)
are insignificant for the level of the land rent.

Conclusion

In conclusion, land rent growth (along with the growth in
prices of agricultural land), affects the majority of the Czech
farms due to the high percentage of rented land. Despite the fact
that these farms are trying to purchase rented land and so the
share of rented land is decreasing annually, such a share per-
centage is still high above the EU average.

Farmers fear that the cost of land rent may negatively affect
their farm plans in the near future, and therefore, the article is
trying to describe land rent development and define the most
influential items behind the land rent procedure.

Regardless of the limited data available (using the database
of the agricultural farms within 2011 — 2015) it is clear that the
land rent growth rate significantly exceeds the growth rate of
profit, revenues and subsidies.

Our mixed-effect model allows identification of factors in-
fluencing the agricultural land rent price in Czechia. The land
rent shows significant trend. Out of the observed factors, the
significant agricultural factors are land share in mountain and
other LFAs, the area of utilised agricultural land, production
orientation on crop production, livestock density and share of
rented land. Population density is the only significant non-ag-
ricultural factor.
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