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Abstract: This research deals with the problem of agricultural land market efficiency using the spatial
market integration concept as well as the present value (PV) model. Empirically, it aims to test the
convergence of agricultural land prices across Polish provinces. In order to check the law of one price
(LOP), good-quality, medium-quality and bad-quality land sales markets are examined separately.
Furthermore, this study is complemented by an analysis of the drivers behind agricultural land price
convergence. The main method of testing price convergence is the log t regression. The latter was
performed in two configurations, i.e., based on trend components of time series extracted using the
Hodrick–Prescott filter and the Hamilton filter. Additionally, traditional β- and σ-convergence tests
were applied. The obtained results indicated that agricultural land prices tend to converge in relative
terms, which means that the provinces share a common long-run growth path. This finding and
estimates of traditional convergence tests prove the increasing integration in the agricultural land
market in Poland. There is no evidence, however, to support the conclusion that the absolute version
of the long-run LOP holds. Moreover, using dynamic fixed effects models, it was identified that for
good-, medium- and bad-quality land prices almost the same drivers of convergence apply. The only
differences concern the strength of the influence of independent variables on prices of farmland of
various types. Additionally, bad-quality land prices are the only ones which are affected by livestock
density. Furthermore, estimates of the present value model finally confirmed that the agricultural
land sales market in Poland cannot be considered as efficient.

Keywords: agricultural land prices; agricultural land price convergence; market efficiency; spatial
market integration; law of one price; convergence clubs; agricultural land price determinants; dynamic
panel data model

1. Introduction

Agricultural land is of considerable importance, since it is both one of the three production
factors [1] and also a means of production [2]. Compared to other production factors, land has a
very specific character. Above all, land is key in meeting the subsistence needs of people around the
world [3]. In addition, land is immobile, indestructible and, ultimately, its resources are limited [4].
In the face of growing urbanisation, agricultural land is decreasing from year to year [2]. This has a
very strong impact on legislation on the marketing of agricultural land. In particular, many countries,
for fear of raising agricultural land prices and non-agricultural land use, have introduced regulations
restricting trade on the agricultural land market. For example, as noted by Yang et al. [5], in 2014,
restrictions concerning agricultural land sales were introduced in Belgium and Slovakia. Similarly,
in Poland, in 2016, it was decided to constrain heavily the possibility of purchasing agricultural land
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on the private market, while the sale of state agricultural land resources was suspended for a period of
five years. This new agricultural policy was aimed at limiting the speculative buyout of agricultural
land by investors, especially foreign ones. However, the imposed regulations are so far-reaching
that, according to the European Commission, they restrict the free movement of capital, freedom
of establishment and the freedom to choose one’s place of residence, which is contrary to EU law.
Moreover, in the context of these new rules mentioned above, the term “speculation” is not a proven
fact, but rather a political value judgement that is made by the government. However, from a scientific
perspective, investments into land from outside agriculture can bring some benefits, such as additional
money for farmers to retire or to improve farm-management. Furthermore, as Grau et al. [6] indicates,
the results of academic research question the enforcement of such strict regulations.

The above premises reveal the extent of the complexity of the agricultural land market, which
very often is subjected to state intervention aimed at achieving better results and eliminating market
failure. Market failures in the agricultural land market are identified through the assessment of its
efficiency [7]. If the land market operates efficiently, agricultural development takes place. When the
land market is not functioning correctly, no optimal allocation of resources takes place, which leads to
a decrease in overall efficiency and welfare [8].

The scientific literature distinguishes between two perspectives in land market efficiency research.
The first concerns the analysis of rents [9], and the second uses the concept of spatial market
integration [7]. The theoretical basis of the former is the present value (PV) model according to which
the price of an asset is equal to all future expected earnings from the asset [10]. In the context of
farmland, the PV model represents a current price of land as the stream of future rents [11], which
can be obtained from the use of land for productive activities [8]. When the market price of the land
deviates from its fundamental value determined by returns, the agricultural land market cannot be
considered as efficient [12]. The lack of a stable long-term relationship between land prices and rents
may result from speculative activities as well as other factors, such as taxation, transactions costs,
liquidity constraints or institutional framework [8]. However, the use of the PV model to assess the
efficiency of land market may be problematic mainly due to the difficulty of selecting the discount rate,
which may vary significantly over time. Moreover, in many countries, data on agricultural land rental
prices are not available.

In the case of spatially efficient markets, on the other hand, a shock causing a price differential in
these markets will be temporary, and over time prices tend to equalize [13]. Therefore, from an empirical
perspective, one can speak of a process of price convergence [14,15]. As Carmona and Rosés point
out [8], in the absence of land market integration, real estate prices deviate from their fundamentals.
Moreover, in this type of situation, riskless profit opportunities for spatial traders are created [16].
It should be noted that the spatial integration concept is based on the law of one price (the LOP) [14],
which holds when markets are integrated. The LOP occurs in strong (short-run) and weak (long-run)
versions. The first assumes that prices of homogeneous goods across spatially separated markets are
the same. The second allows for price differentials between markets but also postulates a long-run
relationship between prices [17]. The lack of automatic elimination of different price levels between
locations is due, among other things, to transaction costs that inhibit arbitrage. It should be noted that
under the long-run LOP, absolute or relative-LOP can be defined [18]. The latter implies a constant
difference between prices across markets. In the case of absolute-LOP, the above-mentioned difference
will disappear completely in the long run.

With regard to the concept of spatial market integration in agricultural land markets, it is very
likely that the strong version of the LOP does not hold. Some indications, however, can be given that
the long-run LOP may be present in this case. As Twardowska notes [19], the above situation may be a
consequence of the existing integration in agricultural commodity markets, which has been proven in
many studies to date [20–22]. Moreover, spatial equilibrium in the agricultural land market may be the
result of capital and/or farm managers’ mobility [7]. Conversely, the agricultural land market is part of



Agriculture 2020, 10, 183 3 of 20

the real estate market, which is characterised by locality and heterogeneity [23–25], both of which may
hinder integration processes.

Although interest in the subject of agriculture is high across the scientific literature, analyses
of the convergence of agricultural land prices are rare. Among relevant studies conducted so far,
the research of Yang et al. [5,7] for agricultural land in Germany should be noted. Using panel data
unit root and stationarity tests, as well as a price diffusion model, the authors concluded that, in the
German state of Lower Saxony, the law of one price holds only locally. A similar study using the
land price diffusion model with an error correction specification was carried out by Grau et al. [6]
who concluded that local agricultural land markets in Germany are spatially integrated; however,
land prices do not tend to move towards the same level, but rather show relative convergence. In turn,
analysing the Spanish land market, Carmona and Rosés [8] found the existence of price convergence
across all studied provinces. A survey of convergence of agricultural land prices was also conducted
by Twardowska [19]. The author inferred that there is significant decrease in the differentiation of
farmland prices among the countries of the European Union between 2006 and 2016, which indicates
the existence of sigma convergence. On the basis of the above, it must be concluded that the problem
concerning agricultural land market efficiency is under-researched. In particular, there are no studies
on the convergence of farmland prices in Poland. Therefore, the aim of this study is to analyse the
processes of convergence of agricultural land prices across all Polish provinces, as well as to identify
the driving forces of convergence (or divergence). In order to examine convergence, the log t regression
test will be used, which assesses whether prices converge to a single long-term equilibrium or whether
multiple equilibria (i.e., convergence clubs) exist. Furthermore, on the basis of this method, it can be
concluded whether absolute or relative convergence is taking place. To the best of our knowledge, this is
the first study to test the convergence of agricultural land prices using the above-mentioned method.
Additionally, traditional convergence tests, i.e., σ- and β-convergence models, will be performed.

It should be noted that bubbles and fads in the agricultural land market can affect the whole nation.
Therefore, the convergence of agricultural land prices may be caused by non-fundamental factors.
Taking all the above into account, it should be concluded that the efficient agricultural land market is
characterised by the existence of a price convergence process in which the LOP holds. Additionally,
this process must be driven by market fundamentals, i.e., land prices mimic changes in rents (or their
proxy) with a long-term elasticity equal to one [8]. On this basis, a second objective of this study
is to identify the driving forces of the convergence of agricultural land prices in Poland. The latter
goal will be carried out in two stages. The first will identify determinants which affect supply and
demand in the agricultural land sales market and, in consequence, may significantly shape the prices
of agricultural plots. In the second, the PV model will be used to explain price volatility. The former
and the latter stages will answer the question to what extent agricultural land prices are driven by
market fundamentals (rents) and to what extent by determinants of a different nature. It should be
stressed, however, that the above study will only be a starting point for further empirical analysis due
to the large data availability constraints.

This research contributes to the existing scant literature in several ways. Firstly, this analysis
examines for the first time the problem of efficiency of the agricultural land market in Poland by
investigating the convergence of farmland prices and their behaviour in relation to market fundamentals
(rents). Secondly, the recently developed methodology (the log t regression) outlined by Phillips
and Sul [26,27] is used to test the convergence of agricultural land prices and to identify potential
convergence clubs. It should be stressed that the log t regression has so far only been used to analyse
the convergence of housing prices, but also in this case the scientific literature is scarce. Thirdly, in order
to take into account the heterogeneity of agricultural land, the efficiency study is carried out separately
for good, medium and bad-quality land.

The paper is organised as follows. Section 2 explains the methodology of testing land price
convergence and its driving forces, as well as data used in the empirical survey. Section 3 contains a
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description of the research results and a discussion. The final section formulates the main conclusions
of the study, and indicates the limitations and directions for future research.

2. Methodology and Data

2.1. Methodology of Testing Agricultural Land Price Convergence

In order to study agricultural land price convergence across Polish provinces, three convergence
tests will be used. The first consists in verifying whether provinces with low initial land prices can
achieve high land price growth rates. In this case, it can be concluded that an unconditional convergence
across provinces is present. The above can be empirically checked by the so-called β-convergence
model, which takes the following form [28]:

ln
( piT

pi0

)
T

= γ+ β ln pi0 + εi (1)

where piT denotes average agricultural land price in province i (i = 1, . . . , N) at time T (t = 1, . . . , T),
pi0 is the initial average agricultural land price in province i, εi is the error term, γ denotes the
constant of the model, and β is the slope coefficient whose significance and negative value indicates
the existence of convergence. It should be noted that modifying Equation (1) by means of adding a
set of control variables would cause a conditional convergence to be checked. It should be stressed
that the β-convergence model does not verify the process of changing price level differentials between
provinces, which forces the use of other convergence examination methods when analysing the law of
one price.

The second approach of testing convergence is based on the analysis of the cross-sectional standard
deviation of land prices. In this case, the σ-convergence concept is used, which assumes the presence
of convergence if the above-mentioned standard deviation decreases over time. The latter indicates
that there is a process of equalisation of price levels across localisations. Taking into account both
β-convergence and σ-convergence, it should be stressed that the former is a necessary but not sufficient
condition for the latter [29].

It should be noted, however, that both β-convergence and σ-convergence tests are not adequate
for studying agricultural land price convergence. This results from the fact that these methods provide
little information, while the slope parameter from Equation (1) is biased due to the problems of omitted
variables and endogeneity [30].

Therefore, a robust methodology for studying convergence called the log t regression test, outlined
by Phillips and Sul [26,27], will be used. This tests whether prices move toward a single price level
(absolute convergence) or share a common growth path in the long run (relative convergence) [31].
In comparison to traditional convergence tests, the log t regression allows for heterogeneity among
provinces and its change over time, overcoming the problem of biased and inconsistent convergence
parameters, and does not enforce assumptions on trend stability or random non-stationarity [32].
Moreover, this method investigates convergence clubs if land prices from all provinces do not share a
common trend.

In the context of the law of one price, the log t regression method can check whether its absolute
version holds. In particular, this is the case when the results of the log t regression indicate that
the prices across the provinces tend to move towards a common level in the long term, meaning
that differences between them will disappear to zero. Conversely, this method cannot identify
unambiguously the validity of the relative version of the LOP. This is due to the fact that the log
t regression by relative convergence understands the process of equalisation of price growth rates
between provinces. By contrast, the relative LOP refers to the existence of a constant difference in the
level of prices over time.
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The starting point for the convergence examination by means of the Phillips and Sul [26,27]
method is to deconstruct panel data on average agricultural land prices as follows:

ln pit = δitut (2)

where ut is a common trend component, and δit is a time-varying idiosyncratic component, which
captures the relative share of individual province i at time t in ut. In particular, δit includes a random
element, heterogeneous individuals as well as their dynamic behaviour [33], taking the form:

δit = δi + σiξit log(t)−1t−α (3)

where log(t) is a slowly varying function, α is the convergence rate, δi is fixed, σi is the scale parameter,
and ξit ∼ iid(0, 1) across i but may be weakly dependent over t [33]. As such, the null hypothesis of
relative convergence can be expressed as follows:

H0 : δi = δ and α ≥ 0 (4)

against the alternative hypothesis that defines divergence as:

H0 : δi , δ for all i or α < 0. (5)

Whereas, the null hypothesis for absolute convergence is:

H0 : δi = δ and α ≥ 1 (6)

The hypothesis test is implemented in the following steps:

1. Construct the cross-sectional variance ratio H1/Ht using the formula:

Ht =
1
N

N∑
i=1

(hit − 1)2, hit =
ln pit

N−1 ∑N
i=1 ln pit

(7)

where hit denotes the transition path of province i in comparison to the panel average at time
t. In other words, a given transition path of a province represents price behaviour over time in
relation to the average land price calculated based on data from all provinces. It should be noted
that when hit → 1 for all i, as t→∞ , or alternatively when Ht → 0 , as t→∞ , there is land price
convergence across provinces, i.e., the price differential between the provinces is reduced in time.

2. Run the log t regression:

log
(H1

Ht

)
− 2 log(log(t)) = a + b log(t) + εt (8)

where b = 2α, t = [rT], [rT] + 1, . . . , T for r ∈ [0.2, 0.3]. For a small sample (T ≤ 50), however, it is
suggested to set r equal to 0.3.

3. Assess the convergence of the entire sample using the t-statistic. If t̂b < −1.65, the null hypothesis
is rejected, which indicates that land prices across all provinces tend to diverge. There is still the
possibility, however, that convergence clubs occur in the data, i.e., the group of provinces where
prices share a common trend in the long run.

Testing the potential presence of convergence clubs requires additional steps, in particular [34]:

• Extract the trend component from analysed time series (it is also required at previous stages).
• Order the provinces in the panel in decreasing order according to prices in the last period.
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• Form a core group of provinces (k) in the panel based on the log t regression maximising tk with
tk > −1.65.

• Add to the core group one province and run the log t regression and check if tk > −1.65 or tk > 0,
respectively for large and small T. If true, add the new province to the core group.

• For the rest of provinces that do not meet the condition outlined in previous step run the log t
regression and check if tk > −1.65. If true, the second convergence clubs is established. If not,
repeat the previous steps to verify if the remaining provinces can be further subdivided.

• Try to merge initial convergence clubs. For example if club 1 and club 2 meet the convergence
hypothesis merge the clubs into new club. Next, try to merge the new club with initial club 3.
Continue this procedure until no clubs can be merged.

It should also be mentioned that the value of b from Equation (8) informs about the type of
convergence, namely if b ≥ 2, absolute (level) convergence holds [35], which means that land prices
head to the same price level [5]. In the case of 2 > b ≥ 0, there is relative (growth) convergence [35],
i.e., land price growth rates tend to converge [36] (in other words, the growth rate differentials have a
tendency to decrease over time [37]).

2.2. Methodology of Studying the Driving Forces of Convergence

In order to identify the driving forces of the convergence (or divergence) of agricultural land prices
in the entire sample or identified sub-groups, the dynamic panel model will be used. This approach is
commonly applied to the investigation of real estate prices [28,38,39]. It should be noted, however,
that the presence of a lagged dependent variable in the model results in biased estimates [40]. Therefore,
the second-order lagged dependent variable will be used as an instrumental variable [41,42]. Moreover,
selection of the proper panel data model form (fixed effects, random effects, pooled OLS) will be based
on the Hausman [43] test. Additionally, the presence of cross-sectional dependence in the data using
the Pesaran [44] and Breusch–Pagan [45] tests will be investigated. If a significant cross-sectional
dependence is identified, the standard errors of the model will be corrected using the approach outlined
by Driscoll and Kraay [46]. Unfortunately, in our study, the use of a more robust methodology for
modelling land prices (for example the dynamic common-correlated effects estimator) is impossible
due to the small size of T in comparison to N.

Finally, upon conducting appropriate tests, our model for identifying the driving forces of
convergence (or divergence) should include fixed effects and, therefore, takes the following form:

ln pit = θ1 ln pi,t−1 + θ2 ln pi,t−2 + Xitϑ+ µi + εit (9)

where µi is a fixed effect, ϑ is a k× 1 vector of coefficients, Xit is a k-dimensional vector of independent
variables in logs, and εit is the error term.

It should be noted that the purpose of the above model is to identify the factors shaping supply
and demand in the agricultural land sales market and, in consequence, land prices. However, in order
to examine whether the agricultural land market works efficiently, it is necessary to check whether land
prices are driven by market fundamentals (rents). The latter results from the PV model according to
which the price of land is a function of rent and discount rate and in its simplest version takes the form:

P =
R
D

(10)

where P is the price of land, R is the rental price, D is the constant discount rate which is set elsewhere.
By logging both sides of Equation (10) we get:

ln P = ln R− ln D = − ln D + ln R = ln D−1 + ln R = ln
( 1

D

)
+ ln R (11)
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In the panel framework the above relationship can be expressed as follows:

ln pit = βo + β1 ln Rit (12)

where pit denotes average farmland price per hectare in province i at time t, Rit denotes average
agricultural rental price per hectare in province i at time t, βo = ln

(
1
D

)
. Comparing Equations (11) and

(12) the PV model holds only if β1 = 1, which denotes that farmland market is efficient. However,
it should be noted that parameter β1 must present the elasticity in the long-term. In order to obtain
long-run coefficients, for example, the DOLS (dynamic OLS) and DFE (dynamic fixed effects) methods
can be used.

2.3. Study Area

Poland is a country located in central-eastern Europe. The state is divided into communes,
counties and provinces. The study area is presented in Figure 1 and concerns all Polish provinces,
of which there are currently 16. The dominant form of land use in each voivodship is agricultural land
and amounts to 60% of the entire country, emphasising the importance of this study.

Figure 1. The study area.

2.4. Data—Studying the Convergence

In order to examine agricultural land price convergence, we used yearly data from 1999 to 2018
on the ln-transformed average price of agricultural land per hectare in each Polish province. These
data were obtained from Statistics Poland. Moreover, prior to performing the log t regression test,
the trend component of the land price series was extracted using two filters. The baseline method is the
Hodrick–Prescott [47] filter. This method, however, has been subject to criticism because the production
series has spurious dynamic relations. Therefore, another method to extract the trend component
is the robust approach outlined by Hamilton [48]. Moreover, as mentioned in the introduction,
the convergence examination will be conducted separately for good-quality, medium-quality and
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bad-quality agricultural land. According to Statistics Poland, good-quality land concerns plots classified
by the symbols I, II and IIIa. In turn, medium-quality land is marked by the symbols IIIb, IVa and
IVb. The worst land for agricultural purposes includes plots with the symbols V and VI. Furthermore,
Statistics Poland offers additional qualifications for the quality of agricultural land. In particular,
good-quality land produces wheat and beet, medium-quality land is reserved for rye and potato,
and bad-quality land is sandy. It should be noted that on the Polish market there are significant
differences in the price of agricultural land of different quality, which are presented in Figure 2. Taking
into account the soil quality and average prices eliminates to a large extent the heterogeneity of land
and, at the same, allows to investigate the LOP.

Figure 2. Average agricultural land prices (PLN/ha) in Poland in the years 1999–2018.

2.5. Data—Studying the Driving Forces of the Convergence

Moreover, our study will identify the factors that drive convergence in the entire sample, as well as
in the potential identified convergence clubs. Based on the literature review, we selected determinants
which may significantly shape the prices of agricultural plots. When selecting the list of independent
variables, we focused mainly (but not only) on research on the Polish agricultural land market in order
to take into account the specificity of the real estate market in a given country.

The first selected variable describes the value in PLN of agricultural production per hectare of
farmland (Agricultural Production) [49–51]. This variable presents land productivity [52]; in particular,
the Polish statistical office defines it as sum of raw (unprocessed) vegetable and animal products.
It should be expected that this variable will have a positive impact on agricultural land prices. It is
worth noting that in a sense the analysed variable reflects market fundamentals of farmland prices.
This is because the approximation of rents (market fundamentals) is the real agricultural value added [8].
In our case, there is a lack of such data. However, the variable we have adopted is related to the real
agricultural value added; in particular, it is the sum of the latter and intermediate consumption.

Another independent variable is share of urbanised land in the total area of a given province
(Urbanisation)—very often, in other studies, this variable is expressed in the opposite way, i.e., share of
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agricultural land in the total area of the territory concerned [50,53]. This variable can be expected to
be positively correlated with agricultural land prices. This is due to the fact that urban development
increases farmland demand for urban uses, which increases land prices in rural areas [54].

The next explanatory variable concerns the value of gross domestic product per capita (GDP) [49].
This variable presents the general condition of the economy of a given province. It can be expected
that the higher GDP per capita the higher prices of agricultural land.

We also decided to include in the model an independent variable describing the average gross
monthly salary (Salary). In our opinion, higher wages indicate the higher purchase power of the
population [55–57], which may lead to increase in agricultural land prices.

Furthermore, as another independent variable we considered the number of pigs per 100 hectares
(Pigs) [58]. This variable shows the density of the livestock. It can be assumed that it will be positively
correlated with agricultural land prices. This is due to the fact that a higher concentration of livestock
increases demand for agricultural land [59].

It should also be noted that agricultural land prices can also be a function of the general level of
agricultural commodity prices. A growth of the latter is likely to increase the willingness to pay more for
land prices. In order to take account of this dependence, we have constructed a variable (Agricultural
Commodity Price) for each province, which reflects the price of a basket of basic agricultural products,
in particular: 1 dt wheat, 1 kg slaughter livestock (cattle), 1 kg slaughter livestock (pigs), 1 L cow’s milk.

Prices of agricultural land may also be significantly influenced by the interest rate (Interest Rate).
This is due to the fact that low interest rates may affect the willingness to invest in the real estate market
due to the reduced attractiveness of bank deposits. Moreover, according to the PV model, agricultural
land prices are determined, among other things, by the discount rate [60], which often corresponds to
commonly prevailing interest rates [61]. As a result, an increase in the interest rate results in a decrease
in the price of agricultural land. Considering the above, a negative correlation between the interest
rate and farmland prices should be expected.

Moreover, as indicated in Section 2.2, the set of explanatory variables is supplemented with a
lagged dependent variable that reflects land price expectations [62]. Table 1 presents average values
for the defined independent variables.

Table 1. Average values of independent variables between provinces.

Year Urbanisation
(%)

Salary
(PLN)

GDP
(PLN)

Agricultural
Production

(PLN)

Pigs
(Units)

Agricultural
Commodity
Price (PLN)

Interest
Rate (%)

2001 4.63 1807.19 18,839.63 2684.21 52.48 58.35 14.5
2002 4.69 2081.07 19,594.13 3387.56 56.96 50.68 8.25
2003 4.83 2147.57 20,423.81 3255.69 55.44 52.39 5.88
2004 4.82 2238.16 22,518.13 3555.13 52.66 56.38 6.00
2005 4.90 2321.60 23,865.00 3930.75 55.98 45.00 5.00
2006 4.96 2439.83 25,755.63 3596.38 55.75 53.04 4.13
2007 4.96 2652.55 28,639.88 3988.50 52.13 78.47 4.63
2008 5.03 2919.96 31,039.63 4744.81 42.26 74.38 5.88
2009 5.09 3054.96 32,584.88 4798.94 42.63 57.56 3.88
2010 5.15 3181.44 34,160.06 4604.75 44.33 68.71 3.50
2011 5.23 3350.54 36,940.19 5238.25 38.83 92.48 4.13
2012 5.30 3471.52 38,343.88 6051.13 32.98 101.60 4.50
2013 5.38 3596.69 39,003.44 6774.31 31.98 92.67 3.13
2014 5.44 3719.73 40,510.19 7363.69 32.94 79.92 2.00
2015 5.51 3857.65 42,353.94 6656.50 30.63 77.46 1.50
2016 5.59 3993.79 43,766.81 6868.13 32.36 73.12 1.50
2017 5.66 4217.73 46,682.06 6741.13 34.45 78.69 1.50
2018 5.71 4497.43 49,567.56 7221.50 31.55 84.57 1.50

Notes: The variable describing the interest rate is global, i.e., it is the same between the surveyed provinces.
Moreover, when several levels of interest rate were in force in a given year, a median value is used. Furthermore,
in the model specification we used the second-order lagged dependent variable, so there is no need to include in the
above table data for period 1999–2000.
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It should be noted that the above description of variables concerned the determinant used for
the estimation of Equation (9). However, in case of empirical verification of the PV model, data on
agricultural land rents were obtained from reports entitled “The agricultural land market. Status
and prospects”. These reports are issued by the State Institute of Agricultural and Food Economics.
On the basis of a review of all reports, data on private agricultural land rental prices are currently only
available for the period 2007–2017.

3. Results and Discussion

3.1. Studying Land Price Convergence

The first task of the empirical research was to test for unconditional convergence using the
β-convergence model. The results of this analysis indicate that provinces with low initial agricultural
land prices are characterised by much higher land price growth rates. This is confirmed by the
significant and negative value of the slope parameter from Equation (1), for each type of agricultural
land. More specifically, β is equal to −0.03, −0.04 and −0.05 for good-quality, medium-quality and
bad-quality land, respectively. It should be noted that the β-convergence concept does not reveal
anything about the reduction of land price dispersion in the analysed period. Therefore, we performed
the σ-convergence test to check how cross-sectional standard deviation of land prices changed over time.

Based on the results of the σ-convergence test presented in Figure 3, one can note an inverted
U-shaped pattern for each type of agricultural land. In particular, for the periods 1999–2004 and
2013–2018, we can observe a similar dispersion of land prices. From the years 2005–2012, however,
the above-mentioned dispersion skyrocketed (a large variation in agricultural land prices in the above
period was also noticed by Czyżewski and Trojanek [63]). This may result from the large fluctuations
of world agricultural food prices since 2006, which caused perturbations in many economies [17,64].
The results of the σ-convergence test give little support to the presence of the relative-LOP over the last
few years, which can be attributed to the fact that the value of cross-sectional standard deviation of land
prices is stable and non-zero. If this value had moved towards zero over time, ultimate convergence
would have occurred; hence, the absolute-LOP would have held [65].

Moreover, it should be stressed that the agricultural land market is also part of the real estate market.
Therefore, it is of interest to compare it with other segments of the property market. For example,
the results of the σ-convergence test for the agricultural land market are entirely different from those
observed in the housing market. In particular, a study carried out by Tomal [28] revealed that both
in the primary and secondary housing markets one can observe a substantial reduction of house
price dispersion in the period 2006–2012, and a slight increase in the following few years. The above
emphasise the distinctiveness of the agricultural land market from the rest of the real estate sector.

It should be noted, however, that classical convergence tests have serious shortcomings. On this
basis, we performed the log t regression test to an in-depth study of land price convergence across the
provinces. The results of this analysis for the entire sample are presented in Table 2.

Looking at estimates of the log t regression one can conclude that, in relative terms, there is a
long-run equilibrium for good-quality land prices. A more complicated situation applies to other
types of agricultural land. In particular, this depends on the type of filter used to extract the trend
component of land prices. Using the Hodrick–Prescott filter, we can observe that provinces do not share
a common trend in the long run for medium and bad-quality land. The log t regression test, however,
indicates that there are two sub-groups of provinces, in which land prices converge conditionally, i.e.,
agricultural land price growth rates tend to converge over time (Table 3).
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Figure 3. Results of the σ-convergence test in the years 1999–2018. Note: land prices are ln-transformed.

Table 2. Log t regression test estimates.

Type of Land
^
b

(HP Filter)

t-Statistic
(HP Filter)

^
b

(HAM Filter)

t-Statistic
(HAM Filter)

Good-quality Land −0.1847 −1.5752 0.4224 2.5215
Medium-quality Land −0.2829 ** −2.5140 0.4640 3.0044

Bad-quality Land −0.2543 ** −2.0606 0.6404 4.3025

Notes: HP filter—Trend component of time series was extracted using the Hodrick–Prescott filter. HAM filter—Trend
component of time series was extracted using the Hamilton filter. Stata software was used to obtain the estimates.
** Five percent level of significance. The number of provinces (N) is 16.

Table 3. Convergence clubs according to estimates obtained using the Hodrick–Prescott filter.

Type of Land Club 1
Provinces

^
b (t-Statistic) Club 2

Provinces
^
b (t-Statistic)

Good-quality Land 16 −0.1847 −1.5752 0 NA NA
Medium-quality Land 12 0.2259 1.7515 4 1.5659 8.7746

Bad-quality Land 11 0.5579 2.8522 5 1.3886 5.1730

Note: the results indicate that the speed of convergence is much higher in clubs 2 (α̂ = b̂/2 = 0.78 or
α̂ = b̂/2 = 0.69 , for medium and bad-quality land respectively). Medium quality land—club 1: Greater
Poland, Kuyavian-Pomeranian, Lower Silesian, Lubusz, Masovian, Opole, Podlaskie, Pomeranian, Silesian,
Warmian-Masurian, West Pomeranian, Łódź. Medium-quality land—club 2: Holy Cross, Lesser Poland, Lublin,
Subcarpathian. Bad quality land—club 1: Greater Poland, Kuyavian-Pomeranian, Lower Silesian, Lubusz, Masovian,
Opole, Podlaskie, Pomeranian, Warmian-Masurian, West Pomeranian, Łódź. Bad quality land—club 2: Holy Cross,
Lesser Poland, Lublin, Subcarpathian, Silesian. Stata software was used to obtain the estimates.

As can be seen in Figure 4a,b, convergence clubs are closely linked in space. Both for medium and
bad-quality land, the first club covers the central, western and northern parts of the country, while the
second contains provinces located in the south-eastern area of Poland. The latter is consistent with
studies conducted by Chrzanowska [66]. It should also be stressed that the existence of such rather
than other convergence clubs may result from similar production characteristics of agriculture in the
identified areas and from a significantly different fragmentation of agricultural holdings. A detailed
comparison can be found in Table 4.
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Figure 4. (a) Convergence clubs for medium-quality land. (b) Convergence clubs for bad-quality
land. Note: estimates using the Hodrick–Prescott filter. Stata and QGis software was used to obtain
the estimates.

Table 4. Comparison of the convergence clubs.

Variable Club 1 Club 2

Average farm size (ha) 15.0 5.7
Labour productivity (PLN) 70,519.1 24,412.9
Degree of commodity (%) 95.6 88.8

Land productivity per hectare of farmland (PLN) 7081.4 7529.8

Notes: Labour productivity is defined as ratio of land productivity and the number of people working in agriculture.
Degree of commodity means the share of commodity production in final production. For comparison purposes,
convergence clubs identified for bad-quality land were selected.

Conversely, the results of the log t regression test using the Hamilton filter indicate a different
outcome. In particular, there is strong evidence that all time series tend to converge, which means that
all provinces in Poland create one large convergence club, sharing a common trend in the long run.
This finding is much more reliable, taking into account that the Hamilton filter is a robust approach
for extracting a trend component of the time series. It should be mentioned, however, that the above
interpretation concerns convergence in relative terms (growth convergence). Therefore, there is no
evidence that agricultural land prices across the provinces head to a single price level.

It is also of interest to analyse relative transition paths. In particular, Figure 5a–e reveals the
existing cross-sectional and time-series heterogeneity in the data. Therefore, convergence tests that
take into consideration the assumption of homogeneous individuals (provinces, cities, etc.) are not
suitable for studying the convergence of real estate prices. The transition curves can reveal more
patterns. In particular, each panel in Figure 5 indicates that in the years 1999–2007/08, agricultural
land prices across the provinces tended to diverge from the panel average. Particularly strong land
price volatility has been evident in the final years of the period mentioned above. This may be due,
among other things, to the large fluctuations in agricultural commodity markets, but also to the 2008
financial crisis, which had a very large impact on the functioning of the real estate market [67,68].
In subsequent years (2009–2018), however, agricultural land prices across provinces were characterised
by “catching-up”, i.e., prices moving towards the panel average (hit → 1 for all i, as t→∞ ). These
findings are very important for Polish policy-makers, who in 2016 enacted new laws that greatly
limited the possibility of purchasing farmland by non-agricultural agents [69]. Furthermore, the sale of
state-owned agricultural land larger than two hectares was halted for a period of five years. All this
was aimed at limiting the “speculative” buyout of agricultural land, guaranteeing its agricultural use.
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After the introduction of such laws, many experts believed that turnover on the agricultural real estate
market would fall significantly, leading to a strong price collapse. Following the introduction of the
new regulations, however, as our study indicates, agricultural land prices stagnated and then began
to rise (Figure 2), which is in line with other research [2]. Moreover, the tightening of the rules has
not affected price convergence processes, as clearly presented in Figure 5a–e. However, it should be
stressed that the above conclusions are only drawn on the basis of data covering two full years after
the change in the agricultural land policy. Moreover, our analysis does not examine how the price
dynamics would have behaved if the above mentioned amendment of the law had not entered into
force. Therefore, in order to fully assess the impact of the new law, the process of spatial integration of
the agricultural land market needs to be further studied.

Figure 5. (a) Estimates of transition paths for good-quality land using the Hodrick–Prescott filter.
(b) Estimates of transition paths for good-quality land using the Hamilton filter. (c) Estimates of
transition paths for medium-quality land using the Hodrick–Prescott filter. (d) Estimates of transition
paths for medium-quality land using the Hamilton filter. (e) Estimates of transition paths for bad-quality
land using the Hodrick–Prescott filter. (f) Estimates of transition paths for bad-quality land using the
Hamilton filter. Notes: there are sixteen transition paths representing all provinces in Poland in each
panel above. Convergence exists when all curves tend to narrow toward unity. Stata software was
used to obtain the estimates.
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Summarising the results of testing convergence using the log t regression, it should be stated
that, generally, agricultural land prices in Poland tend to converge in the long run in relative terms.
Some premises for the existence of convergence clubs for both medium and bad-quality land markets
can be observed. These, however, can be largely questioned because they result from the application of
a non-robust method to extract trend components from time series.

3.2. Studying the Driving Forces of Convergence

The final task of the empirical research was to examine which factors drive the convergence of
agricultural land prices across studied provinces. Firstly, using the methodology outlined in Section 2.2,
we have selected the proper panel data model and then we tested for the presence of cross-sectional
dependence in our data (Table 5).

Table 5. Hausman, Paseran and Breusch-Pagan tests estimates.

Type of Land Hausman Pesaran Breusch-Pagan

Good-quality Land 75.13 *** 14.78 *** 325.02 ***
Medium-quality Land 63.66 *** 13.14 *** 332.78 ***

Bad-quality Land 58.00 *** 10.96 *** 282.02 ***

Notes: *** One percent level of significance. For the Hausman test statistical significance indicates a need to
apply a fixed effects model. For Pesaran and Breusch-Pagan tests statistical significance indicates the presence of
cross-sectional dependence.

Finally, based on results of the Hausman, Paseran and Breusch–Pagan tests we estimated three
dynamic fixed effects models with corrected standard errors using the Driscoll and Kraay approach to
account for cross-sectional dependence.

The results presented in Table 6 indicate that the selected models explain to a large extent the
volatility of agricultural land prices, i.e., the coefficient of determination R2 in each model oscillated
around 98%.

Table 6. Dynamic fixed effects model with Driscoll and Kraay standard errors estimates.

Variable Good-Quality Land Medium-Quality Land Bad-Quality Land

ln pi,t−1 0.8374 *** 0.9559 *** 0.9875 ***
ln pi,t−2 −0.1436 −0.2501 *** −0.2756 ***

Urbanisation −0.3832 *** (−1.25) −0.4259 *** (−1.45) −0.5382 *** (−1.87)
Salary −0.2194 (−0.72) −0.0654 (−0.22) 0.0835 (0.29)

Agricultural Production 0.1482 (0.48) 0.1237 (0.42) 0.1152 (0.40)
GDP 0.3883 ** (1.27) 0.3544 * (1.20) 0.4138 ** (1.44)
Pigs −0.0132 (−0.04) 0.0437 (0.15) 0.0886 ** (0.31)

Agricultural Commodity Price 0.2594 *** (0.85) 0.2525 ** (0.86) 0.2065 * (0.72)
Interest Rate −0.1417 ** (−0.46) −0.1139 ** (−0.39) −0.0820 * (−0.28)

R2 0.9850 0.9860 0.9844

Notes: *** One percent level of significance. ** Five percent level of significance. * Ten percent level of significance.
Stata software was used to obtain the estimates. Estimates represents short-run elasticities and in the parenthesis
log-term ones. The number of provinces (N) is 16.

The estimated relationships between the variables largely agree with the theoretical considerations
presented in Section 2.5. In particular, the variable describing GDP per capita has the strongest impact
on agricultural land prices. In the long term, an increase of the latter by 1% leads to an increase
in the price of agricultural land by 1.27%, 1.20% and 1.44% for good-quality, medium-quality and
bad-quality land, respectively. Taking into account the above mentioned results, it should be stated
that the general economic condition in a given province has a very big influence on farmland prices.
A stable and positive relationship can also be observed between prices of agricultural products and the
dependent variable. It should be noted that agricultural land prices largely imitate movements in the
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analysed independent variable. In this respect, however, some differences can be observed in terms
of the quality of agricultural land. For good and medium-quality land in particular, a 1% increase in
agricultural product prices results in an increase of the dependent variable by about 0.85%. On the
other hand, for bad-quality land this increase amounts to 0.72%, which results from the fact that this
type of agricultural land is characterized by a low level of productivity. The last independent variable,
which has a positive impact on the current price of agricultural land of all qualities, reflects farmland
price expectations. Furthermore, only for bad-quality land was the significant impact of livestock
density on the dependent variable observed. This is due to the fact that in Poland, but also in other
countries, there are legal provisions on the maximum livestock density per hectare. Therefore, an
increase in livestock density will generate an increase in demand for mainly lower quality agricultural
land, as there is no need to buy higher-quality land.

In turn, a negative correlation between the degree of interest rate and the price of agricultural
land is visible. This result is also in line with expectations, as the lower interest rate increases the
attractiveness of investing in real estate. The variable concerning the degree of urbanization also has a
negative impact on the dependent variable. This relationship is the only one that does not agree with
theoretical considerations. However, this relationship is characterised by a high degree of statistical
significance in relation to agricultural land of all qualities. Therefore, this unexpected impact should
be further investigated.

On the other hand, an insignificant impact on agricultural land prices concerns the variables
describing the level of wages and agricultural production. In the context of the first case, this situation
may result from the significance of the variable characterising GDP per capita. On the other hand, it is
surprising that the latter has no significant impact on prices. This is an unfavourable situation from
the point of view of the efficiency level of agricultural land market in Poland, because this variable,
from the theoretical point of view, is closely related to the main proxy of market fundamentals.

The above finding led us to carry out a direct assessment of the impact of market fundamentals
(rents) on farmland prices, in particular we employed the present value model by regressing agricultural
land price per hectare on rent per hectare. The results obtained indicated that farmland prices do not
mimic movements in rents with an elasticity equal to one in the long run (Table 7), which may be
due to the fact that also other factors determine the market price of land and not only the present
value measure [8]. The latter hypothesis has also been proven in this study (Table 6) and by other
researchers. One can mention here a study carried out by Delbecq et al. [70], which showed that prices
of agricultural land are only partially explained by farmland rents. Therefore, the empirical application
of the present value model ultimately proved that the agricultural land sales market in Poland cannot
be regarded as efficient.

Table 7. Elasticity of agricultural land prices with respect to rents in years 2007–2017.

Type of Land Elasticity in the Long-Run

Good-quality Land 1.24 ***
Medium-quality Land 0.75 ***

Bad-quality Land 0.70 ***

Notes: Estimates based on dynamic fixed effects model with Driscoll and Kraay standard errors. *** One percent
level of significance. The number of provinces (N) is 16.

When analysing the results presented in Table 7 in detail, it should be noted that for a good-quality
land, rents are rising at a slower rate than land prices. Excessively high levels of the latter may
result in the agricultural land not being effectively redistributed, i.e., only farmers with sufficient
financial resources will be able to afford to buy land at a price that does not reflect its fundamental
value. The situation is different for medium- and bad-quality lands, where land prices are far below
their fundamental values. This may herald too high a level of rents, which may lead to unprofitable
agricultural production. Extremely high levels of rents for agricultural land were reported by the
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Chamber of Agriculture in Poland in 2016. Illegal sources of funds from which rents were financed
were indicated as one of the reasons. The findings obtained as a result of estimating the PV model
should be taken with great caution. This is due to the fact that the survey was conducted only for the
years 2007-2017 due to the lack of data for the remaining years in terms of rents. In addition, there is
still a grey area of rentals in Poland. Additionally, a large proportion of actually concluded contracts
are not properly recorded anywhere.

4. Conclusions

In this study, we addressed for the first time in the scientific literature the problem of efficiency of
the agricultural land sales market in Poland using the concept of spatial market integration as well as
the PV model. Empirically, the convergence processes of agricultural land prices were evaluated using
three different methods. In particular, the results of the log t regression test showed that the prices
of agricultural land across the provinces share a common long-term growth path. This conclusion is
universal for good-, medium- and bad-quality land. Taking into account this finding and estimates
from β- and σ-convergence tests, one can conclude that integration in the Polish agricultural land
market is increasing. There is not enough evidence, however, to infer that the absolute version of the
LOP holds. This conclusion can be explained by the fact that the land is immobile and an extremely
heterogeneous good, which makes convergence very slow in this case. In addition, the significant
variation in agricultural land prices between provinces can be justified on the basis of the theory of the
new geography economy, according to which forces such as economies of scale or knowledge spillovers
may foster the geographical concentration of economic activities [71]. In this instance, the occurrence of
high prices of agricultural land may constitute a blocking force for further concentration of agricultural
production, whose excessive level, according to Yang at al. [7], may negatively affect the environment.

Moreover, extremely interesting findings stem from the results of the σ-convergence model.
In particular, in the analysed period, the cross-sectional standard deviation of agricultural land prices
adopts an inverse U-shaped pattern. Furthermore, the drivers behind the convergence of the studied
prices were examined. In this respect, using dynamic fixed effects models, it was identified that for
good-, medium- and bad-quality land prices almost the same drivers of convergence apply. The only
differences concern the strength of the influence of independent variables on prices of farmland of
various types. Additionally, bad-quality land prices are the only ones which are affected by livestock
density. Moreover, estimates of the present value (PV) model proved that farmland prices do not mimic
changes in rents with a long-term elasticity equal to one, which finally confirmed that agricultural land
sales market in Poland cannot be considered as efficient.

This study has certain limitations. First of all, guided by the availability of price information,
entire provinces were analysed. Future studies could focus on smaller areas, such as municipalities or
counties, because the real estate market is local and heterogeneous in nature. Secondly, if relevant
data were available, it would be worthwhile to carry out a study taking into account longer time series
of agricultural land prices, which would certainly increase the robustness of the survey. Moreover,
this study attempted to analyse relatively homogeneous goods, i.e., agricultural land of different
quality. As indicated in Section 2.4, this division in each dimension includes agricultural land of
several valuation classes. Therefore, future analyses could examine more homogeneous goods, e.g.,
agricultural land of class 1 only, etc. Furthermore, the validity of the relative version of the LOP on the
Polish agricultural land sale market requires further investigation. To this end, future studies could
use panel unit root tests, which can detect whether time series (for example land prices) converge to a
constant difference [72]. Finally, in our study, we did not have rental data for the full period under
study, which reduces the reliability of the PV model results.

Our analysis is very important for policy-makers and agricultural land management in Poland.
It should be noted that this study mainly concerned the period before the introduction of the law
limiting trade in agricultural land, which took place in 2016. The results obtained indicated that at
that time the agricultural land market was not efficient. Therefore, it can be concluded that there
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was a certain basis for changing the legal regulations. However, currently it is not possible to make
an accurate assessment of the imposed restrictions. Therefore, research on the functioning of the
agricultural land market in Poland should be continued, because efficient agriculture is crucial not
only for farmers, but also, as Salim et al. note [73], for sustainable development of a country due to the
broad connection between agriculture and the rest of the economy [74].
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