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Abstract
This study systematically reviews the empirical literature of the past three decades on the capitalisation of
agricultural subsidies into land prices. We undertake a comprehensive meta-analysis and conduct a qualitative
assessment of the main econometric and data issues and their potential solutions. In total, we reviewed 26
papers published between 1997 and 2020 that contain 841 estimates of capitalisation rates for rental prices
and land values. After applying the outlier correction procedure, the final sample consisted of 719 estimates
(433 for rental prices and 286 for land values). The average estimated capitalisation rate across studies is 33%
for rental prices and 12% for land values. The results from meta-analyses show that several drivers explain
the variation in subsidy capitalisation estimates between studies: (i) the type of subsidies and their
implementation details; (ii) the estimation approach; (iii) the type of data used (e.g. microdata versus aggregated
data, FADN, ARMS) and geographical coverage of the studies; and (iv) the type of publication outlet (working
paper versus a journal publication) and the publication period. The results also suggest systematic differences
in the drivers affecting the estimated capitalisation rates for rental prices and land values between studies,
mainly related to the econometric approach and the type of data used.
Keywords: subsidy capitalisation, agricultural subsidies, meta-analysis, land prices, rents, land values, EU, USA
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1.

INTRODUCTION

Agricultural subsidies are among the key policy tools to increase farmers' income. While agricultural subsidies
target farmers, empirical evidence suggests that they may not be the only beneficiaries of such policies. The
capitalisation of subsidies into farmland prices1 is acknowledged as one of the major channels of subsidy
leakages outside of farming. It is intensively researched in academic literature and discussed among
stakeholders2. The key policy concern is that if subsidies result in higher land prices, they may indirectly accrue
to non-farming land owners at the expense of tenant farmers and new entrants to farming. Therefore, subsidy

We use land prices as a reference to both land rental prices (rents) and land (sale) prices (value). The land rental price
represents the price of renting one hectare of land and is paid annually to the landowner. The land sale price (value) per
hectare usually refers to the market sale or purchase value of land.
2
The capitalisation of subsidies refers to the extent subsidies affect land prices (i.e. rents or land values). It can be described
by several measures, of which the three most important are: (i) the capitalisation level, which is usually expressed in
monetary terms (change in land price in euros per one euro of subsidy change); (ii) the capitalisation rate, which is usually
expressed as a percentage representing the share of subsidies that are reflected in higher land prices; and (iii) elasticity
(capitalisation elasticity) expressed as the percentage change in the land price per percentage change in subsidies.
1
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capitalisation is central for policymakers and in academic studies evaluating the transfer efficiency of
agricultural support3.
There is sizeable literature investigating the capitalisation of agricultural subsidies. Within empirical studies, the
first estimates on the capitalisation of agricultural subsidies emerged in the USA in the 1960s and 1970s (e.g.
Hedrick, 1962; Seagraves, 1969; Vollink, 1978). In Europe, empirical literature emerged more than two decades
later and has mainly investigated the EU Common Agricultural Policy (CAP) (e.g. Goodwin and Ortalo-Magné,
1992; Duvivier et al., 2005; Pyykkönen, 2005; Latruffe et al., 2008 and Patton et al., 2008). Most empirical
studies find that subsides increase land rents and land values, although there is significant variation between
studies.
This study systematically reviews the empirical literature of the past three decades on the capitalisation of
agricultural subsidies into land prices. Agricultural policies that have been covered in the literature and are
considered in this study predominantly include those applied in the EU and the USA. With few exceptions, other
countries or regions are not covered in the empirical literature, and thus the coverage of other agricultural
policies in this study is low (e.g. Canada). During the period analysed, agricultural policies in developed regions
(including the EU and USA) have evolved considerably (Baldoni and Ciaian, 2021; Ciaian et al., 2021). New policy
instruments have been put in place to support farmers’ income, increase productivity, and more recently, to
protect the environment and increase the sustainability of the agricultural sector. These instruments have
generally moved from being coupled with production to more complex, decoupled instruments with the aim of
addressing market failures and imperfections (Melendez-Ortiz et al., 2009; Swinnen, 2015). The application of
different types of agricultural subsidies and the availability of empirical studies allowed us – among other
things – to analyse the capitalisation effects by the type and nature of agricultural subsidies.
There is a considerable variation in the estimated capitalisation rates between studies, ranging from zero per
cent (implying that subsidies accrue to farmers) or a negative value to 100 per cent (i.e. full capitalisation) or
more (implying that agricultural subsidies accrue to landowners instead of farmers). To identify drivers of
subsidy capitalisation, we undertake a comprehensive meta-analysis of almost 900 econometric estimates
from the empirical literature. We qualitatively assess the main econometric and data issues and their potential
solutions identified in the capitalisation literature.
The report is organised as follows. The next section describes the methodology. The third section presents the
results from meta-analyses. The fourth section discusses the econometric and data issues and their potential
solutions, while the last section concludes.

2.

METHODOLOGY

In line with Havránek et al. (2020)4, we systematically review the empirical literature of the past three decades
on the capitalisation of agricultural subsidies into land prices. To explain the variation in the estimates of
capitalisation of agricultural subsidies into land prices, we performed a meta-regression on capitalisation
estimates collected from the literature. These estimates were collected from recent peer-reviewed journal
articles and published working papers. In total, we reviewed 26 studies that contain 841 estimates of
capitalisation rates for rental prices and land values. These papers were published between 1997 and 2020
and analyse land prices between 1940 and 2017. The vast majority of the studies cover the USA or the EU; the
studies conducted for other regions of the world are far less numerous.
Out of the 841 estimates, 483 are for rental prices collected from 20 different studies (Table 1). The
capitalisation rates vary significantly between -1,430% and 810%, with a simple average of 34% and a
standard deviation of 180%5. The remaining 358 capitalisation estimates are for land values; these were
collected from 10 different studies. To obtain a comparable estimate of the capitalisation rate for both land
rents and land values (i.e. the share of subsidies reflected in higher land prices), we converted land value
estimates into annual capitalisation rates by applying the net present value (NPV) formula: 𝑟𝛽̂, where r is the
The distributional impact of agricultural subsidies may be more relevant in regions where a large portion of land is rented.
For the EU, the share of rented land varies significantly between MS in the EU (Baldoni and Ciaian, 2021; Ciaian et al., 2021).
4
The authors suggest a number of general guidelines to improve the transparency and replicability of meta-analysis results.
5
Note that the negative capitalisation implies that subsidies reduce land prices and may occur, for example, when subsidies
are conditional upon fulfilling environmental requirements which generate additional costs to farmers.
3
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discount rate and 𝛽̂ is an estimated capitalisation coefficient from the literature obtained using land values.
The discount rate used to convert land value changes into capitalisation rates is the average 10 years’ maturity
US government bond yield between 2010 and 2019 and equals 2.4% 6. After applying this transformation, the
obtained estimates of the capitalisation rates vary between -2,150% and 2,184%, with an average value of
6.6% and a standard deviation of 393%.
Table 1. Empirical studies estimating the capitalisation of agricultural subsidies used in our study
No.
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Study

Region

Price

Subsidy

1

Baldoni and Ciaian (2021)

EU

Rent
Value

2

Barnard et al. (1997)

USA

Value

SPS/SAPS
Coupled
Agri-environmental payments
Less Favoured Area payments
Investment support
Other RDP
Aggregate subsidies

3

Ciaian and Kancs (2012)

EU

Rent

SAPS

4

Devadoss and Manchu (2007)

USA

Value

5

Feichtinger and Salhofer (2016)

EU

Rent

6

Goodwin, Mishra and Ortalo-Magné (2003)

USA

Value

7

Goodwin, Mishra and Ortalo-Magné (2004)

USA

Rent
Value

8

Goodwin, Mishra and Ortalo-Magné (2011)

USA

Rent
Value

9

Guastella et al. (2013)

EU

Rent

10

Guastella et al. (2014)

EU

Rent

11

Guastella et al. (2018)

EU

Rent

12

Hendricks et al. (2012)

USA

Rent

13

Kilian et al. (2012)

EU

Rent

14

Kirwan and Roberts (2010)

USA

Rent

15

Kirwan and Roberts (2016)

USA

Rent

16

Kirwan (2009)

USA

Rent

17

Kropp and Peckham (2012)

USA

Rent
Value

18

Lance and Mishra (2003)

USA

Rent

19

Michalek, Ciaian and Kancs (2014)

EU

Rent

20

O’Neill and Hanrahan (2016)

EU

Rent

21

Patton et al. (2008)

EU

Rent

Aggregate subsidies
SPS
Agri-environmental payments
Less Favoured Area payments
Aggregate payments
Loan Deficiency Payments (LDP)
Disaster payments
AMTA
Conservation Reserve Program (CRP)
Other
Loan Deficiency Payments (LDP)
Ad-hoc Assistance (AHA)
Conservation Reserve Program (CRP)
AMTA
Aggregate subsidies
Other payments
Loan Deficiency Payments (LDP)
Direct payments
Disaster payments
Coupled
SPS
SAPS/SPS
Payments for energy crops
Coupled payments
SPS
Aggregate subsidies
Direct payments - Regional
Direct payments - Historical
Less Favoured Area payments
Agri-environmental payments
Aggregate subsidies
Direct payments
Counter-cyclical payments (CCP)
Aggregate excluding CRP
Land subsidy
Production subsidy
Aggregate subsidies
Decoupled payments
Conservation Reserve Program (CRP)
Disaster payments
Loan Deficiency Payments (LDP)
Other
Production flexibility contracts (PFC)
Market Loss Assistance (MLA)
Loan Deficiency Payments (LDP)
Conservation Reserve Program (CRP)
SPS
Pillar 1
Pillar 2
General subsidies
Beef special premium
Suckler cow premium

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=irt_lt_gby10_a.
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No.

Study

Region

Price

Subsidy
Slaughter premium
Other beef
Pre-2002 sheep annual premium
2002 sheep annual premium
Hill Livestock Compensatory Allowance
Less Favoured Area payments
Production flexibility contracts (PFC)
Aggregate subsidies
Decoupled subsidy
Coupled subsidy
Pillar 2 subsidy
Aggregate subsidies
Market price support
Aggregate subsidies

22
23

Roberts, Kirwan and Hopkins (2003)
Shaik, Helmers and Atwood (2005)

USA
USA

Rent
Value

24

Valenti et al. (2020)

EU

Value

25

Van Herck, Swinnen and Vranken (2013)

EU

Rent

26

Vyn et al. (2012)

Canada

Value

Notes: SPS - Single Payment Scheme; SAPS- Single Area Payment Scheme; RDP - Rural Development Programme.

We applied an outlier correction procedure (Baker, 2019) to correct for potentially non-plausible values. We
cleaned the distribution of estimates using rental prices by winsorised capitalisation estimates at the 5th and
95th percentiles, while for land values, we winsorised the estimates at the 10th and 90th percentiles7.
After applying the outlier correction procedure, the final sample consisted of 719 estimates (433 for rental
prices and 286 for land values). The estimates for rental prices vary between -36% and 183%, with an average
of 33% and a standard deviation of 34%. The capitalisation rates for land values vary between -211% and
201%, with an average of 12% and a standard deviation of 59%. On average, the mean estimate for land rents
is larger in the US (42%) than in the EU studies (26%).
We conducted the meta-regression analysis with the cleaned and winsorised data. We performed a set of metaregressions for both capitalisation estimates obtained from studies investigating rental value and those
investigating land values. Following Feichtiger and Salhofer (2013), the k-th capitalisation estimate in study i
(bik ) was assumed to be a linear function of different groups of covariates:
𝑖 = 1,2, … , 𝐼

𝑝
𝑞
𝑛
(1) 𝑏𝑖𝑘 = 𝛼0 + ∑𝑚
𝑗=1 𝛽𝑗 𝑇𝑗,𝑖𝑘 + ∑ℎ=1 𝛾ℎ 𝑀ℎ,𝑖𝑘 + ∑𝑙=1 𝛿𝑙 𝐷𝑙,𝑖𝑘 + ∑𝑦=1 𝜃𝑦 𝑂𝑦,𝑖𝑘 + 𝜀𝑖𝑘
𝑘 = 1,2, … , 𝐾𝑖

We selected four groups of covariates to account for major theoretical and empirical issues identified in the
literature that may affect the estimated capitalisation rates (Table 2) (e.g. Gardner, 1987; Alston and James,
2002; Schmitz and Just, 2002; Guyomard et al., 2004; Kilian and Salhofer, 2008; Kirwan, 2009; Ciaian et al.,
2008, 2014, 2018; Goodwin et al., 2011; Feichtinger and Salhofer, 2013; Kirwan and Roberts, 2016; Graubner,
2018). The first group, 𝑇𝑗 , distinguishes subsidies by their type (coupled, decoupled, environmental and other),
and by their nature (land-based, non-land-based, mixed)8. The second group of covariates, 𝑀ℎ , captures the
effects of different modelling approaches9 on the capitalisation estimates: accounting for the expectation error,
error in the dependent variable and productivity; using a spatial or a dynamic model; accounting for the selection
bias; controlling for implementation details10 or market power; and using micro or macro data. The third set of
covariates, 𝐷𝑙 , describes the impact of different data sources on the capitalisation rate. It controls for the study
region (the EU, USA and Canada), whether multiple states are analysed at the same time and the specificities
of the two main surveys used in agricultural land capitalisation studies: the FADN in the EU and the ARMS in
the USA. The fourth group of covariates, 𝑂𝑦 , accounts for the differences in estimates of working papers with
those of published peer-reviewed papers, the statistical significance of capitalisation estimates and the year of
publication of the article. 𝛼0 , 𝛽𝑗 , 𝛾ℎ , 𝛿l and 𝜃𝑦 are the vectors of unknown parameters to be estimated that
represent the effects associated with the covariates. 𝜀𝑖𝑘 is the error term of the equation.

Note that our outlier correction is less restrictive than that applied by Feichtinger and Salhofer (2013).
For a description of the subsidies by their type and nature, together with their associated capitalisation mechanisms, see
Ciaian et al. (2021).
9
For details regarding different modelling approaches, see Section 4.
10
Given that theoretical analyses show that the implementation details of subsidies impact their capitalisation (e.g. Alston
and James, 2002; Ciaian et al., 2008, 2014, 2021), it is relevant to take into account this factor when a given study controls
for details of subsidy implementation. Examples of implementation details in the case of EU subsidies include: the
availability of entitlements relative to total eligible land for decoupled subsidies, flat rate versus heterogeneous per-hectare
payment across farms, top-up support to smaller farms such as the redistributive payment.
7
8

7

For robustness, we have estimated six different model specifications for capitalisation rates obtained with both
rental prices and land values. Each specification included a different set of covariates taken from the four
groups described above. We estimated all models using weighted least squares with White's robust standard
errors. The weights applied to each data point were equal to the reciprocal of the number of estimates, K 𝑖 ,
retrieved from each study i. We applied this weighting procedure to give equal weight to each study. Table 3
and Table 4 present the results of these meta-regressions.
Table 2. Description of variables used in the meta-regression
Group

Variable name

Description of the variables

Dependent variables
Capitalisation level in land rents

𝑏

Capitalisation level in land values
Explanatory variables
Decoupled subsidies
Environmental payments
Mixed coupled/decoupled subsidies
Land-based subsidies

Tj

Mixed land/non-land subsidies
Interaction between land and coupled
subsidies
Interaction between land and environmental
subsidies
Interaction between mixed coupled/decoupled
and mixed land/non-land subsidies
Expectation error
Measurement error in the dependent variable
Spatial model
Dynamic estimation

𝑀ℎ

Selection bias
Implementation detail of subsides
Market power
Microdata
Accounting for productivity
US study
Canada study
Multiple states/countries covered in the data

𝐷𝑙
ARMS data
FADN data
Non-significant positive estimate
Non-significant negative estimate
Working paper

Oy

2004-2008 publication period
2008-2012 publication period
2012-2016 publication period
2016-2020 publication period

Estimated capitalisation level in land rents extracted from empirical
studies
Estimated capitalisation level in land values extracted from empirical
studies. The capitalisation level is converted into an annual value by
applying the NPV formula, 𝑟𝛽̂ , r = 2.396%
Dummy variable equals 1 for decoupled subsidies, otherwise 0
Dummy variable equals 1 for environmental payments, otherwise 0
Dummy variable equals 1 for coupled/decoupled subsidies, otherwise
0
Dummy variable equals 1 for land-based subsidies, otherwise 0
Dummy variable equals 1 for mixed land/non-land subsidies,
otherwise 0
Interaction variable between land and coupled subsidies
Interaction variable between land and environmental subsidies
Interaction variable between mixed coupled/decoupled and mixed
land/non-land subsidies
Dummy variable equals 1 for studies accounting for the expectation
error, otherwise 0
Dummy variable equals 1 for studies accounting for the
measurement error in the dependent variable, otherwise 0
Dummy variable equals 1 for studies using spatial models, otherwise
0
Dummy variable equals 1 for studies using dynamic models,
otherwise 0
Dummy variable equals 1 for studies accounting for the selection
bias, otherwise 0
Dummy variable equals 1 for studies accounting for the
implementation detail of subsides, otherwise 0
Dummy variable equals 1 for studies accounting for the market
power, otherwise 0
Dummy variable equals 1 for studies using microdata, otherwise 0
Dummy variable equals 1 for studies accounting for productivity,
otherwise 0
Dummy variable equals 1 for US studies, otherwise 0
Dummy variable equals 1 for Canada studies, otherwise 0
Dummy variable equals 1 if multiple states for the USA and multiple
countries in the EU are covered in the data, 0 for single country
studies
Dummy variable equals 1 if ARMS data are used in estimations,
otherwise 0
Dummy variable equals 1 if FADN data are used in estimations,
otherwise 0
Dummy variable equals 1 for non-significant positive capitalisation
estimate, otherwise 0
Dummy variable equals 1 for non-significant negative capitalisation
estimate, otherwise 0
Dummy variable equals 1 if the study is published as a working paper,
otherwise 0
Dummy variable equals 1 for the 2004-2008 publication period of
the study, otherwise 0
Dummy variable equals 1 for the 2008-2012 publication period of
the study, otherwise 0
Dummy variable equals 1 for the 2012-2016 publication period of
the study, otherwise 0
Dummy variable equals 1 for the 2016-2020 publication period of
the study, otherwise 0

8

3.

RESULTS

The meta-regression estimates obtained for rental prices (Table 3) and land values (Table 4) explain a
significant portion of the variation in capitalisation levels between studies. Most estimated meta-regression
coefficients are highly significant and rather stable across specifications, suggesting that they are robust across
the different estimated models.
When comparing the results of Table 3 and Table 4, several patterns can be detected regarding the drivers of
capitalisation of agricultural subsidies into land prices11. In particular, the type(s) of subsidies analysed and the
chosen modelling approach seem to be essential determinants explaining the variation in land capitalisation
between studies. On average, the subsidy type (i.e. decoupled and environmental versus coupled subsidies)
explains the capitalisation level substantially more than the subsidy nature (i.e. land versus non-land or mixed
subsidies). Decoupled subsidies are systematically associated with higher capitalisation levels than coupled or
environmental subsidies. Mean differences in capitalisation levels between decoupled and coupled subsidies
vary between 0.126 and 0.227 when measuring the increase in land rents and between 0.135 and 0.140 when
measuring the increase in land values12. Alternatively, environmental subsidies seem to be associated with
lower capitalisation levels than coupled subsidies. Their average difference varies between -0.011 and -0.321
across studies using land rents and between -0.22 and -0.258 across studies using land values. We found no
significant differences in average capitalisation levels between coupled and mixed coupled/decoupled subsidies.
Regarding modelling approaches, one major assumption affecting the land capitalisation estimates seems to
be the treatment of the expectation error in the measure of subsidy. Results presented in Table 3 and Table 4
point to a strong positive effect on the capitalisation levels of subsidies when accounting for possible
expectation errors at the measurement stage. On average, when accounting for the expectation error, the
estimated capitalisation levels increase between 0.176 and 0.202 when using rental prices and between 0.351
and 0.398 when using land values.
Despite common patterns, estimates in Table 3 and Table 4 show that there are also systematic differences in
the estimated capitalisation drivers when using the two land price measures (rents and values). Both signs and
magnitudes of coefficient estimates vary systematically between Table 3 (based on rental data) and Table 4
(based on land values). This evidence points to possible differences in the drivers of land capitalisation of
agricultural subsidies between measuring changes in rental prices and land values. Two fundamental
differences in modelling land prices explain most of these differences: accounting for the inter-temporal inertia
of land markets and for (un)observed productivity in the land price equation. Table 3 shows that when using
dynamic specifications in rental price equations, capitalisation estimates are, on average, lower (between 0.049 and -0.182), everything else being equal. In contrast, results in Table 4 point to the opposite conclusion
for land values: dynamic model specifications are associated with higher capitalisation levels of subsidies
(between 0.167 and 0.288), ceteris paribus. As regards productivity, the estimates in Table 3 suggest that
accounting for productivity in rental price equations leads, on average, to lower capitalisation estimates
(between -0.146 and -0.204). In contrast, Table 4 shows that accounting for productivity in land value equations
is associated with higher capitalisation estimates (between 0.102 and 0.122).
Among other studies on capitalisation in rental prices, of particular interest seem to be the selection bias,
implementation details of the subsidies and the use of the two major sources of survey data – that is, the FADN
and the ARMS – due to systematic differences in their sign and magnitude. Regarding the selection bias, all
model specifications accounting for the selection bias in rental price equations point to a significant negative
effect on the capitalisation level. These negative effects vary between -0.051 and -0.196, with a variation in
the level of statistical significance. Likewise, accounting for the implementation details of subsidies seems to
be related to a reduction in capitalisation levels – this reduction varies between -0.066 and -0.168. The use of
survey data is also associated with lower capitalisation estimates with respect to other data sources. According

See Ciaian et al. (2021) for a discussion on expected impact of each of the covariates employed from both a theoretical
and an empirical perspective.
12
The values 0.126, 0.227, 0.135 and 0.140 represent capitalisation levels. For example, 0.126 implies that decoupled
payments are capitalised into land rents by 12.6% more than coupled payments. In other words, decoupled payments are
capitalised into land rents by 12.6 euro cents of one euro value of subsidies more compared to coupled payments.
11

9

to the results reported in Table 3, the two dummies associated with using the two main sources of survey data
are always associated with negative coefficients.
Table 4 presents other specific drivers of capitalisation levels when using land values. An additional factor that
seems to explain the variation in capitalisation levels between studies is the analysis’ geographical coverage.
The results suggest that capitalisation estimates obtained from studies analysing Canadian or the US land
markets are, on average, associated with higher levels of capitalisation than those focusing on the EU. Moreover,
analysing multiple states or countries is found to overestimate capitalisation levels with respect to studies that
analyse one single country/state at a time13.
Other factors that are found to affect the estimated capitalisation levels in at least some models of the metaanalyses are the variables controlling for non-significant capitalisation estimates, working paper, publication
date, market power and micro-data (Table 3, Table 4). The variable ‘non-significant capitalisation estimate’ is
statistically significant across both rental price and land value studies. This evidence is clearer for the negative
‘non-significant capitalisation estimate’ variable as compared to the positive ‘non-significant estimate’ variable
when measuring the capitalisation in land rents. For land value estimates, the positive ‘non-significant
capitalisation estimate’ variable is not statistically significant across all models.
If a study is published as a working paper, the estimated capitalisation level tends to be greater (smaller) than
those published in journal papers for rental prices (land values). The results are more significant across models
in land value estimates than rental price estimates. Earlier studies (i.e. the 2004-2008 publication period for
rental price estimates and the 2008-2012 publication period for land value estimates) tend to produce higher
capitalisation estimates as compared to more recent studies. Accounting for market power seems to affect
(increase) capitalisation estimates for land values. Lastly, the use of micro-data in econometric estimations
may result in higher capitalisation estimates for land rents, although an insignificant effect is observed for land
values (Table 3 and Table 4, respectively).

13

This result could be caused by the fact that when studies cover multiple states/countries, they may not be able to fully control for all
structural factors that differ between states or countries and are, at the same time, correlated with the level of subsidies (e.g. agricultural
productivity differences between states/countries), which may lead to overestimation of the capitalisation effects.
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Table 3. Meta-estimation of capitalisation levels for land rents (full sample)
Constant
Decoupled subsidies
Environmental payments
Mixed coupled/decoupled subsidies
Land-based subsidies
Mixed land/non-land subsidies
Interaction between land and coupled
subsidies
Interaction between land and
environmental subsidies
Expectation error
Measurement error in the dependent
variable
Spatial model
Dynamic model
Selection bias
Implementation detail of subsidies
Market power
Micro-data

(1)
0.394***
0.126*
-0.321***
0.05

(2)
0.329**
0.173**
-0.280**
0.096

(3)
0.333***

(4)
0.218*

0.102
0.043

0.159*
0.101

(5)
0.435***
0.166**
-0.102
0.087

(6)
0.376***
0.227***
-0.011
0.151

0.227

0.283*

-0.398**

-0.483***

0.176***

0.181***

0.183***

0.190***

0.193***

0.202***

0.009

-0.041

0.026

-0.014

0.016

-0.042

0.028
-0.157**
-0.168**
-0.140***
0.132
0.147*
-0.181***
-0.089
-0.389***
0.055
-0.143*

0.014
-0.008
-0.096
-0.066*
-0.044
0.067
-0.170***
-0.076
-0.368***
0.100**
-0.095

-0.028
-0.179**
-0.196***
-0.157**
0.121
0.167*
-0.146***
-0.125*
-0.432***
0.036
-0.116

-0.057
-0.049
-0.128*
-0.083**
-0.045
0.089
-0.161***
-0.117*
-0.421***
0.083
-0.035

-0.045
-0.182**
-0.143**
-0.168***
0.133
0.094
-0.204***
-0.09
-0.447***
0.031
-0.139*

-0.071
-0.017
-0.051
-0.090**
-0.07
-0.004
-0.188***
-0.077
-0.434***
0.079*
-0.09

-0.019

0.013

-0.096
-0.157*

-0.017
-0.081
0.313**
-0.089
-0.156
-0.132
433

Accounting for productivity
Non-significant positive estimate
Non-significant negative estimate
Working paper
US study
Multiple states/countries covered in the
0.016
0.05
0.038
0.069
data
ARMS data
-0.134*
-0.077
-0.152**
-0.125
FADN data
-0.171**
-0.1
-0.113
-0.044
2004-2008 publication period
0.299**
0.382**
2008-2012 publication period
-0.059
-0.014
2012-2016 publication period
-0.118
-0.043
2016-2020 publication period
-0.111
-0.032
Number of observations
433
433
433
433
Notes: Estimator = WLS with White’s robust standard errors; *p<0.1; **p<0.05; ***p<0.01.
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Table 4. Meta-estimation of capitalisation levels for land values (full sample)
(1)
(2)
(3)
(4)
Constant
-0.593***
-0.561***
-0.577***
-0.539***
Decoupled subsidies
0.138**
0.140**
***
Environmental payments
-0.258
-0.241***
*
Mixed coupled/decoupled subsidies
0.085
0.080*
Land-based subsidies
0.023
0.03
Mixed land/non-land subsidies
0.097**
0.089*
Interaction between land and
environmental subsidies
Interaction between mixed
coupled/decoupled and mixed
land/non-land subsidies
Expectation error
0.377***
0.351***
0.398***
0.367***
Spatial model
0.002
0.006
0.015
0.02
Dynamic model
0.169
0.267**
0.172
0.288**
Market power
-0.092*
-0.096*
0.008
-0.002
Micro-data
0.036
0.006
0.043
0.007
Accounting for productivity
0.120**
0.115**
0.107*
0.102*
Non-significant positive estimate
0.075
0.075
0.062
0.064
Non-significant negative estimate
-0.702***
-0.715***
-0.749***
-0.762***
Working paper
-0.052
-0.141**
-0.066
-0.171**
***
***
Canadian study
0.192
0.051
0.157
-0.008
US study
0.277**
0.285**
0.267**
0.278**
Multiple states/countries covered in the
0.307***
0.303***
0.282***
0.278***
data
2008–2012 publication period
0.145**
0.171**
Number of observations
286
286
286
286
Notes: Estimator = WLS with White's robust standard errors; *p<0.1; **p<0.05; ***p<0.01.
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(5)
-0.593***
0.135**
-0.233*
-0.021

(6)
-0.562***
0.138**
-0.220*
-0.008

-0.029

-0.024

0.109

0.09

0.375***
-0.001
0.167
-0.088
0.036
0.122**
0.074
-0.698***
-0.049
0.190***
0.273**

0.350***
0.004
0.264**
-0.093
0.006
0.118**
0.075
-0.712***
-0.137**
0.05
0.281**

0.308***

0.304***

286

0.144**
286

ECONOMETRIC ISSUES

Meta-analyses in Table 3 and Table 4 show that the choice of an econometric approach and the type of data
available can substantially impact the estimated capitalisation effects of agricultural subsidies. This section
provides a qualitative assessment of the main econometric and data issues identified in the capitalisation
literature – related to the data-generating process, measurement errors, omitted variable bias and spatial
effects – and offers potential ways to address them as proposed in the literature.

4.1 Data-generating process
4.1.1 Sample selection bias
One problem with the sample selection may arise whenever the probability of observing a particular observation
(e.g. renting farms, large farms, sales transactions) in the sample is non-random but determined by variables
that also explain the farmland price. For example, such a correlation could be present between the rental choice
and the productivity and payment levels. Similarly, in a farm survey, data often exclude small or non-commercial
farms or over/undersample certain farm types depending on the sampling strategy, which may also cause
selection bias. For example, this is the case for FADN data in the EU and ARMS and the Kansas Farm
Management Association (KFMA) data in the USA (Ciaian and Kancs, 2012; Kuethe et al., 2014).
Accounting for selectivity is important for the correct estimation of the subsidy capitalisation coefficients and
the results' representativeness. Whereas, according to estimates by Michalek et al. (2014) and Guastella et al.
(2018), the selection bias may cause inconsistent results, Ciaian and Kancs (2012) find that it only has a limited
impact on the estimated magnitude of the capitalisation effects. The meta-analyses reported in Table 3 for
land rents indicate that studies that do not account for the selection bias overestimate the subsidy capitalisation
rates; those using FADN or ARMS data tend to underestimate them.
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The most effective approach to circumventing the selection bias is collecting and using data that represent the
entire farm universe in the area of interest. However, this may often not be possible in reality. In such a case,
selectivity can also be taken into account by estimating an initial stage probabilistic model to explain the
decision to rent or buy land, which should also include fixed effects (e.g. Kirwan, 2009; Ciaian and Kancs, 2012;
Michalek et al., 2014; Guastella et al., 2018).

4.1.2 Data imputation bias
Usually, some variables included in agricultural data generated by most surveys suffer from item non-response
and require data imputation methodologies to fill in the missing values. In addition to influencing the value of
survey indicators, data imputation also affects standard errors – imputations can induce substantial bias in the
standard errors of imputed indicators (Robbins and White, 2014).
Robbins and White (2014) investigate the effect of various imputation methods on the estimates of subsidy
capitalisation coefficient and standard errors in alternative models. They conclude that the underlying data
imputation method can substantially influence the estimated coefficient for the subsidy payment. Exhaustive
imputation (the iterative sequential regression procedure) is shown to increase the accuracy of the imputations
and thereby reduce the width of confidence intervals of the resulting econometric estimates of the effect of
direct payments on land rents.

4.1.3 Data type and structure
In addition to the sample size and data quality, the type of available data – such as cross-section versus panel
data – has major implications for the ability to correctly identify the true capitalisation rate. According to
Michalek et al. (2014), due to confounding general equilibrium effects, this identification problem is particularly
challenging for (i) studies using farm-level data as compared to regional data; (ii) studies using individual sales
transactions as compared to regional sales transactions; (ii) estimations based on a small number of different
markets (regions); and (iii) cross-sectional data. Many empirical literature approaches do not fully capture
general equilibrium effects and thus do not identify the real subsidy capitalisation effect because of these
limitations14.
As noted by Ciaian et al. (2012) and Michalek et al. (2014), farm-level data may suffer from low variation in
land prices; as within-market observations are sampled from the same land market and in the same location,
the same equilibrium price is expected to prevail 15. The fewer markets observed in the data, the less variation
in the land price in the data, and it becomes more challenging to identify the true capitalisation effects based
on farm data, especially when using cross-sectional data.
In general, capitalisation estimates based on farm-level data are expected to be biased downwards compared
to those based on regional data, or may capture other non-subsidy-related effects that are not controlled for
in estimations (e.g. regional effects, land quality). The identification challenges due to general equilibrium
effects can be seen in the meta-analyses of Feichtinger and Salhofer (2013), where the capitalisation
elasticities of land sale values are generally found to be higher in the studies using aggregated data than in
the studies based on farm-level data. In contrast, our meta-analyses tend to show that the estimated
capitalisation rates in land rents are higher in the studies using microdata than studies using other data types
(but the effects do not seem to be significant across all estimated models). Studies that cover multiple countries
tend to estimate a higher capitalisation rate of subsidies in land values compared to single-country studies
(Table 3 and Table 4).

The capitalisation effect is an outcome of market-price adjustments induced by subsidies implying that the market price
of land should be equal across farms from the same market; capitalisation can be empirically identified only from the intramarkets or intertemporal variation in land prices and subsidies.
15
Note that within-market land prices may still vary, for example, because of location or land quality differences.
14
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4.2 Measurement errors
4.2.1 Expectation error & attenuation bias
Expectation error is a form of measurement error that arises because the actual subsidies are observed, but
land prices are determined by (unobservable) expectations about uncertain future payments. For most types of
agricultural subsidies, the exact payment benefits are largely unknown when land values and rental
arrangements are determined (e.g. most subsidies in the USA). Although certain payments are exogenously
determined by policymakers and are known with certainty over the life of the farm support legislation (e.g. SPS
and SAPS in the EU), the amounts of other significant subsidies – including price supports, disaster payments,
price loss coverage and marketing assistance loans – are not known before they are received because they
depend on market outcomes (output prices) (Alston and James, 2002; Goodwin et al., 2011).
Attenuation bias – which is inherent in using observed payments in any given year – forces the implied
capitalisation rates towards zero; that is, the expectation error biases fixed effects and OLS coefficient
estimates downwards. As shown in our meta-analyses, those empirical studies that do not address the
expectation error tend to have lower estimates than studies that do address the issue, everything else being
equal (Table 3 and Table 4).
Several econometric approaches are applied in the literature to overcome the expectation error bias (Goodwin
et al., 2011; O'Neill and Hanrahan, 2016). One approach uses a variable that captures the farm's expectations
directly (e.g. Kirwan and Roberts, 2010). Another approach is to adjust the realised variable if the extent of the
expectation bias can be estimated from some other external source. A third approach taken in much of the
recent empirical literature is to use an instrumental variable, whereby variables correlated with realised returns
but not with the expectation error are used as instruments for the realised values. According to Kilian et al.
(2012), payments from a different year can serve as a good instrument because they are highly correlated with
the actual payments but not with the expectation error. For example, the estimates of Goodwin et al. (2011)
show that when controlling for the attenuation bias – by using expected subsidies by considering an average of
historical county-level aggregates or instrumental variables instead of the realised payments – the
capitalisation effects of payments in farmland values are considerably larger and more significant.

4.2.2 Measurement error in the expected subsidy measure
Subsidies are usually elicited at farm level, while land prices are often set at field level. Thus, when farms
possess both own and rented land (or rented land from different landowners), farm-level subsidies versus fieldlevel land prices may bias the estimated subsidy capitalisation rate. Furthermore, the field-level prices and
farm-level subsidy rates may depend on different farm characteristics (e.g. subsidies on the policy eligibility
rules versus land prices on farmer-landowners’ relative bargaining power) (Kirwan and Roberts, 2016).
Given that subsidy rates are usually allocated to farms (not fields), farm-level subsidies typically encompass a
larger land area than just field level. Thus, the variance of the observed farm-level subsidy rate is expected to
be less than the variance of field-level land prices, and the estimated capitalisation rate would be biased
upwards (Kirwan and Roberts, 2016)16. This implies that those empirical studies that do not address the
measurement error in the expected subsidy measure tend to have higher estimates than other studies,
everything else being equal.
One way to circumvent the measurement error in the expected subsidy measure is to use disaggregated data
– at the level at which land market transactions occur (e.g. field level) – to account for transaction-specific
factors (e.g. Kirwan and Roberts, 2016). Another approach to address the measurement error in the expected
subsidy measure issue requires identifying valid instrumental variables. For example, Kirwan and Roberts (2016)
follow the direct approach and use highly disaggregated field-level data. They find that the upward bias in the

As noted by Kirwan and Roberts (2016), this kind of measurement error is quite unlike the classical measurement error
in which coefficients are downward biased. In the classical measurement error, the observed explanatory variable has
greater variance than the true explanatory variable. Given that the covariance of the observed variable is expected to be
correct while variance is too large, coefficients are biased towards zero.
16
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estimated capitalisation rate is substantial when not addressing the measurement error in the expected subsidy
measure, ranging between 37% and 84% compared to the well-identified field-level estimates.

4.2.3 Measurement error in the dependent variable
In most empirical studies, the available data do not contain comprehensive information on rental agreements
between farmers and landowners or sale transactions between land buyers and sellers. Thus, the
econometrician is forced to construct a proxy for the dependent variable from the observed data (Kirwan, 2009;
Hendricks et al., 2012). Usually, studies using farm-level data calculate the farm-average rental rate by dividing
the farm's total rental expenditure by the total rented area. When farms have both cash and crop-share rental
agreements, for instance, in the USA or some Eastern European countries, this approach may result in lowerthan-actual rents if crop-share payments are not captured in the data. A similar situation may occur for land
sale prices if they are underreported, for example, due to taxation issues. For these reasons, the resulting nonrandom measurement error in the dependent variable could be systematically negative.
Kirwan (2009) notes that the measurement error in the dependent variable biases estimates when the
measurement error is correlated with independent variables. For example, if farms are more likely to use cash
rental contracts with higher subsidies, then the measurement error will be positively correlated with the subsidy,
leading to an overestimate of the subsidy capitalisation. Qiu et al. (2011) find that as farmland-specific
subsidies increase, farms tend to switch from share contracts to cash contracts, which results in an upwardbiased capitalisation effect. This implies that the empirical studies that do not address the measurement error
in the dependent variable tend to have higher capitalisation estimates than other studies, everything else being
equal.
To avoid the measurement error in the dependent variable and the induced bias, data that contain more detailed
information on land transactions would be required (e.g. field-level cash rental rates as in Kirwan and Roberts,
2016).

4.3 Omitted-variables bias
4.3.1 Price inertia and omitted-variables bias
Land market institutions may generate price inertia in land markets, which could be a source of omitted-variable
bias in empirical capitalisation studies. Inertia in land price adjustments implies that the dependence on land
prices over time is significant, and it may lead to major differences between the short-term and long-term
capitalisation of agricultural subsidies. In such cases, the subsidy capitalisation in the long term will be greater
than the estimated capitalisation in the short term (downward bias). Our meta-analyses show that studies that
use a dynamic specification tend to estimate lower (higher) short-term or long-term capitalisation rates of
subsidies in land rents (values). Similarly, Feichtiger and Salhofer's (2013) meta-analyses show that the
inclusion of lagged variables reduces estimates of the capitalisation elasticities. However, the results in both
meta-analyses are not significant across all estimated models (Table 3 and Table 4).
Eventually, the ideal approach to address this source of the omitted-variables bias is to use data that allow
controlling for factors causing land market inertia (e.g. data on rental contract arrangements, land regulations,
social norms). For example, Patton et al. (2008) use unique panel data for Northern Ireland, where rental rates
are set annually. Similarly, Kilian et al. (2012) use information on newly signed rental contracts to better identify
the capitalisation effect of SPS in Bavaria (Germany), while avoiding the price inertia effect.
Another approach commonly used in literature to address the inertia issue and circumvent this source of
omitted-variables bias is to use instrumental-variables estimators with panel data and estimate models with
land-market dynamics (e.g. Hendricks et al., 2012; O'Neill and Hanrahan, 2016; Baldoni and Ciaian, 2021). The
time-series dimension of panel data allows for the construction of a model that explicitly considers the
dynamics of farmland prices. According to Hendricks et al. (2012), estimations for Kansas (USA) – considering
the dynamics of the farmland rental market and accounting for inertia in rental rates – correct the omittedvariables bias and increase the estimated capitalisation rate substantially.
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4.3.2 Heterogeneity in productivity and omitted-variables bias
Many of the quality attributes capturing farmland productivity are often imperfectly observed, and even if
observed, they are not available in the most commonly used data sets. For example, even with the use of farmlevel data, it is often difficult to obtain comprehensive information about land quality at farm level; the same
also applies to other factors that influence land productivity (e.g. farmers’ human capital or managerial skills)
(Karlsson and Nielsson, 2014).
By design, most agricultural subsidies are not randomly assigned but depend on the underlying (historical)
farmland productivity (e.g. in the EU and the USA). More productive land implies higher land prices, and the
historical farmland productivity determines farm-specific subsidies. If this unobserved heterogeneity is
correlated with explanatory variables, it will bias the estimated coefficients of the capitalisation of agricultural
subsidies into land prices due to omitted variables (Michalek et al., 2014; Kirwan and Roberts, 2016). Generally,
capitalisation estimates that fail to account for the underlying farmland productivity will be biased upwards
because they suffer from an omitted-variable bias (see Table 3). Because earlier studies do not consider the
unobserved heterogeneity in the land productivity and contain the induced omitted-variables bias, this could
partially explain why they tend to find higher subsidy capitalisation rates, as our meta-analyses show (Table 3
and Table 4).
The unobserved heterogeneity of land productivity can be addressed with panel data by using, for example,
farm fixed-effects estimators. Furthermore, forward orthogonal deviations can be used to address unobserved
individual effects (Arellano and Bover, 1995). Alternatively, if panel data are available, the data can be
transformed by differencing (Arellano and Bover, 1995) to remove the time-unobserved invariant heterogeneity.
However, differencing the data introduces the endogeneity problem. The system GMM estimator has been
proposed to deal with such endogeneity in dynamic models (Arellano and Bond, 1991) and was applied in
several more recent capitalisation studies (e.g. Hendricks et al., 2012; Feichtinger and Salhofer, 2016; O'Neill
and Hanrahan, 2016; Baldoni and Ciaian, 2021). The system GMM approach uses lagged differences of the
endogenous variables as instruments for the variables in addition to using the levels as instruments for their
differences. Several issues need to be considered when estimating linear dynamic panel data models. For
example, Nickell (1981) notes that the assumption of no serial correlation in the residuals is essential for the
consistency of linear dynamic panel estimators. Arellano and Bond (1991) stress the importance of having no
serial correlations in levels for having a consistent estimator. The Sargan/Hansen test of over-identifying
restrictions can be used to test whether the proposed instruments are correlated with the error term. However,
even if the instruments are not correlated with the error term, a serious small sample bias can occur if they are
only weakly correlated with the endogenous explanatory variable. The correction suggested by Windmeijer
(2005) can be applied to reduce this small-sample bias.
The unavailability of panel data complicates the identification substantially in that the unobserved
heterogeneity and endogeneity of key variables become difficult to address. For example, the ARMS survey,
which is commonly used in capitalisation studies for the USA, does not have a panel structure, as it avoids
tracking individual farms over time. The underlying productivity can be accounted for in the cross-sectional data
by including dummy variables in the econometric specification. To account for heterogeneous production
conditions in a cross-sectional setting, Kilian et al. (2012) use two sets of variables: regional dummies and a
soil quality index. The former account for different agricultural production regions (defined based on natural
conditions, for example, soil, climate, altitude, topography and agricultural land use – for example, the kind of
crops produced, the intensity of production). The latter account for the importance of land quality on land prices.
The presence of time-varying unobserved heterogeneity is more challenging; the linear fixed-effect model that
only controls for regional time-invariant unobserved heterogeneity is not suitable in such situations. As shown
by Bonhomme and Manresa (2015), the grouped fixed-effect estimator should be used instead as it allows
controlling for time-varying unobserved heterogeneity modelled with distinct-grouped patterns. The grouped
fixed-effect estimator allows us to consider the unobserved heterogeneity that follows a group-specific pattern
when common shocks (e.g. the financial and economic crises or the subsequent recovery) occur.
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4.4 Spatial effects
4.4.1 Spatial autocorrelation and spatial dependence
When dealing with observations that are collected in space, there are numerous reasons to expect spatial
dependence between the observations on the spatial units to be present at each point in time. This is because
events and shocks taking place in neighbouring locations influence the decisions of geographically proximate
economic agents. Neglecting spatial relationships can cause biased coefficient estimates (Anselin, 2001).
Graubner (2018) showed that if the spatial dimension of the rental market is sufficiently important, the
capitalisation of a land-based subsidy can be significantly lower than in a perfect competition setting with
symmetric agents and aspatial locations. According to the meta-analyses of Feichtinger and Salhofer (2013),
the estimated capitalisation elasticity of subsidies in land sale values is higher when a spatial econometric
model is estimated. However, our meta-analyses – which cover a much wider geographic area – find an
insignificant effect of the spatial effect on the estimated capitalisation rate across studies (Table 3 and Table
4).
Recent studies that account for the spatial autocorrelation tend to confirm that the spatial spillover effect is
statistically significant across neighbouring farmland markets. Karlsson and Nielsson (2014) find that
neighbouring farms share characteristics that other explanatory variables cannot capture. For a farm with an
average number of neighbours and distance, about 10 per cent of the total spatial variation is due to spatial
spillover effects. Feichtinger and Salhofer (2016) confirm that the spatial dimension of farmland leads to a
limited spatial extension of farms and segmented land markets. Closer land markets interact with greater
intensity than more distant ones, and cause spatial dependency of the dependent variable. Yang et al. (2019)
found that due to the spatial correlation of land price characteristics, such as soil quality, and due to common
adjustments to shocks in land market supply and demand, land prices are sticky across space in Germany.
Ideally, accounting for the spatial dimension of data and considering the effects of spatial dependence that
characterise them starts with exploratory spatial data analysis to identify the model's most appropriate
specification. An exploratory spatial data analysis involves defining a spatial weight matrix as a square, nonstochastic and symmetric matrix whose elements measure the intensity of the spatial connection between
spatial units (Anselin, 2001).
Furthermore, to address the issue of spatially correlated error terms, spatial error models can be estimated.
However, if a spatial lag model is used to account for the spatial dimension of the problem, endogeneity is
automatically introduced since prices in one region are explained by simultaneously determined prices in
neighbouring regions (Feichtinger and Salhofer, 2016). Thus, a dynamic panel estimator needs to be chosen
that is also able to address the resulting endogeneity, such as the system GMM approach.
Alternatively, to account for the spatial autocorrelation, Breustedt and Habermann (2011), Guastella et al.
(2014) and Feichtinger and Salhofer (2016) estimated spatial autoregressive models of agricultural land rental
prices with spatial autoregressive disturbances and additional endogenous variables. Regarding the spatial
dependency of farmland markets, Feichtinger and Salhofer (2016) find that land prices within a region are
influenced significantly by prices in neighbouring regions. These findings confirm Feichtinger and Salhofer’s
(2013) meta-analyses that the estimated capitalisation effect of subsidies on land sales values is higher if the
spatial dependency is considered.

4.4.2 Spatial heterogeneity
Whilst the spatial autocorrelation issue is related to spatial interactions, spatial heterogeneity relates to the
spatial structure. Unobserved spatial heterogeneity, which is a structural instability – either in the form of nonconstant error variances in a regression model (heteroskedasticity) or variable regression coefficients – is an
inherent problem in land price analysis (Anselin, 2001). In the context of subsidy capitalisation into farmland
values, Feichtinger and Salhofer (2016) confirm that unobserved spatial heterogeneity (e.g. regarding the
distance to the nearest market) causes a spatial dependency in the error term if not taken into account.
In theory, the bias in estimates of the subsidy capitalisation could be positive or negative, depending on the
correlation between the unobserved spatial heterogeneity and the subsidy payments per area. However,
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according to Roberts et al. (2003), an upward bias seems to prevail in empirical applications. This implies that
those empirical studies that do not account for spatial heterogeneity tend to have higher estimates than other
studies, everything else being equal.
A range of spatial econometric tools can be applied to tackle the methodological issues related to spatial
heterogeneity. Despite the growing application of spatial econometrics in other economics fields, most empirical
studies on subsidy capitalisation in land prices neglect the spatial structure of the underlying farmland data.
Karlsson and Nielsson (2014) proposed an alternative approach to spatial heterogeneity by estimating a
multilevel spatial model. They introduced a hierarchical structure to the data, whereby farms are nested into
local areas, which are, in turn, nested into regions. To address the relation between decoupled support payments
and land quality, Karlsson and Nielsson (2014) imposed a cross-classified structure at the third level in the
multilevel spatial model, defined as local areas nested in both regions and harvest areas. Karlsson and
Nielsson's (2014) estimates confirm spatial heterogeneity at both regional and local levels.
Another approach frequently applied in literature to account for spatial heterogeneity in capitalisation rates is
to conduct an estimation separately for different regions or interact subsidy variables with regional dummies
(e.g. Goodwin, Mishra and Ortalo-Magné, 2003; Kirwan, 2009). The advantage of this approach is that it can be
applied using standard (non-spatial) econometric tools. The disadvantage is that it could still be subject to bias
due to the potential presence of spatial autocorrelation and spatial dependence as it accounts for the spatial
structure but not spatial interactions and spatial hierarchy (e.g. Karlsson and Nielsson, 2014).

5.

CONCLUSIONS

We have systematically reviewed the empirical literature of the past three decades on the capitalisation of
agricultural subsidies into land prices in order to better understand the factors causing their variation between
studies. Studies have found that the capitalisation rates typically vary between 0% and 100%, although there
is significant variation between studies. Several studies also imply a capitalisation rate smaller than 0% or
greater than 100%. The average capitalisation rate across estimates and subsidy types has been found to be
33% for land rents and 12% for land values. These estimated capitalisation rates found in the empirical
literature imply that researchers are largely concordant in supporting the argument that a share of agricultural
subsidies accrue to landowners, while farmers benefit less then full value of subsidies they receive. However,
the large variation in capitalisation estimates also shows that there are considerable uncertainties surrounding
the magnitude of these effects.
To identify the drivers of capitalisation estimates and, thus, to shed some light on these uncertainties, we have
undertaken a comprehensive meta-analysis using almost 1 000 econometric estimates from empirical
literature. Furthermore, we have qualitatively assessed econometric issues and data gaps and their potential
solutions as identified in the literature.
Our results identify a number of drivers of the variation in subsidy capitalisation estimates between studies.
Some of them relate to the type and nature of support instruments. The type of subsidies and the subsidies’
implementation detail seem to be essential determinants explaining the variation of the land capitalisation
between studies. Decoupled subsidies are systematically associated with higher capitalisation levels than
coupled or environmental subsidies. This finding has key policy implications for the design of support
instruments. In fact, the evolution of agricultural support from coupled to decoupled instruments in most
developed countries may have led to an increasing risk of unintended consequences of policy support due to
(at least partial) subsidy leakage to landowners (i.e. reducing policy benefits to farmers who are usually the
targeted recipients). At the same time, the increase in the use of support instruments to address market failures
and imperfections (e.g. support for environmental public goods) may have mitigated this effect. Additionally,
results suggest that various subsidy implementation modalities (e.g. redistributive payment) have reduced the
capitalisation effects.
Other drivers are linked to the empirical challenges of the statistical identification of capitalisation effects, and
these may be closely connected to the specific case study at hand. For example, our estimates suggest that the
choice of econometric approach affects the subsidy capitalisation estimates. In particular, this concerns whether
and to what extent expectation error, inter-temporal inertia of land prices (dynamic effects) and/or productivity
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of land are considered or accounted for in estimations. Additionally, the type of data used (e.g. micro-data
versus aggregated data, FADN, ARMS), as well as the geographical coverage of the studies, impact the
estimated subsidy capitalisation in the literature. The type of publication outlet (working paper versus journal
publication) and publication period also explain a significant share of the variation in the capitalisation estimates
between studies. Lastly, there are also observed systematic differences in drivers explaining the capitalisation
variation between studies for rental prices in comparison to land values, particularly related to the econometric
issues and the type of data used.
The sensitivity of capitalisation estimates to the modelling choices and the type of data used has some key
policy implications. This sensitivity of capitalisation effects implies that estimates cannot be taken in isolation
but have to be interpreted critically in light of the methodological issues addressed and modelling choices made
in a given study.
Despite these differences in the estimated capitalisation rates between studies, the estimates are becoming
more robust over time and the literature offers some solutions to address some of the econometric and data
issues – for example, measurement error, expectation error, omitted-variables bias, spatial effects or some
data gaps. Here, we reviewed the main methodological issues to be addressed and indicated potential future
avenues to address methodological gaps and to better identify capitalisation estimates.
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