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Abstract

Resource misallocation has been identified as an important source of aggregate pro-
ductivity loss, yet to date there is a notable dearth of studies exploring the nature and
extent of misallocation in the agricultural sector, despite the fact that it continues to
receive significant government supports. In this paper, we analyse resource misalloca-
tion in the agricultural sector of the European Union with the aim of quantifying the
impact of capital misallocation on aggregate productivity and disentangling its sources.
We find that misallocation contributed to a 30 percent loss in productivity in the sector
between 2001 and 2010. We can attribute about one third of this loss to distortionary
government subsidies which disproportionately benefit relatively less productive farms.
We find no evidence that the decoupling reform of the CAP in the mid-2000s reduced
the distortionary effect of CAP subsidies on the allocation of capital. Our results
provide an important benchmark for understanding misallocation in the context of a
modern developed agricultural sector and other industries that benefit from potentially
distortionary government supports.
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1 Introduction

Resource misallocation has been identified as an important source of low aggregate produc-
tivity growth. Misallocation, usually measured as the dispersion in the average or marginal
productivity of inputs, can result from a number of factors, including efficient factors, such
as adjustment costs or uncertainty, but also distortions induced by particular policies, in-
stitutions or other firm-specific factors. A large and growing literature has emerged that
focusses on analysing the extent of misallocation in different settings and contexts, as well as
on identifying the sources of misallocation.! Most of the related studies were concerned with
the extent of misallocation in the manufacturing sector (Hsieh and Klenow 2009; Bartelsman
et al. 2013; Asker et al. 2014; David and Venkateswaran 2019), with a notable dearth of
analyses addressing how misallocation impacts on productivity in the developed agricultural

sectors of the world.?

This is surprising given the fact that agriculture receives significant government supports
in the form of subsidies, price supports and trade protection measures in most of the large
economies of the developed world, even though it no longer accounts for a significant pro-
portion of output or employment.®> For example, EU supports for agriculture amounted to
almost €58 billion in 2019, with €41 billion of these given in the form of direct income sup-
ports and another €14 billion to support rural development initiatives. In total, around 26
percent of income from agriculture in the EU comes from subsidies (European Commission
2020). Similarly, in the US, direct farm payments amount to around 23 percent of farm in-
come. Agriculture is essential for food production and provides important public goods, such
as producing food in a sustainable and environmentally way and maintaining soils and bio-
diversity. Subsidies can clearly be justified on food security and environmental grounds, but
they are likely to have distortionary impacts on resource allocation and productivity. Quan-

tifying these impacts is important for making informed policy decisions on the costs and

'Restuccia and Rogerson (2017) provide an overview of the literature to date on the causes and costs of
misallocation.

2There is a growing literature on the extent of misallocation within agriculture in developing country
contexts (Adamopoulos et al. 2017; Adamopoulos et al. 2017; Chari et al. 2017; Chen et al. 2017; Foster
and Rosenzweig 2017; Gollin and Udry 2021; Maue et al. 2020; Restuccia and Santaeulalia-Llopis 2017) but
few studies that have provided a comprehensive analysis of the extent and source of misallocation for the
agricultural sector in developed countries or regions.

3The agricultural sector in the EU accounted for 1.3 percent of GDP in 2019 (0.6 percent in the US)
contributing €176.4 billion towards overall GDP (€112.3 billion in the US) (Eurostat 2020). Moreover, the
EU is the world’s top exporter of agri-food products with total exports amounting to €151.2 billion in 2019
(equivalent figure for the US was €115.5 billion in 2018). See the United States Department of Agriculture
for up to date statistics for agriculture in the US https://www.usda.gov/.
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benefits of providing such supports to the sector. Moreover, there are potentially important
lessons to be learned for other sectors from examining how such policy-induced distortions

contribute to resource misallocation and productivity in the sector.

In this paper, we examine the implications of resource misallocation and its sources for
agricultural productivity in the European Union (EU). We focus on capital allocation and
use data on a large representative sample of farms operating in the EU15 countries between
2000 and 2010 from the Farm Accountancy Data Network (FADN) to measure the extent of
capital misallocation in European agriculture and to disentangle its sources. We choose this
time period as it allows us to explore the extent to which distortions created by the subsidies
given to farms under the Common Agricultural Policy (CAP) induced inefficient allocations
of capital and quantify the consequences for overall productivity. We also examine how the
impact of subsidies on misallocation and productivity changed with the reform to the CAP

which decoupled subsidies from production.

We use the methodology developed by David and Venkateswaran (2019) (hereafter DV), who
build a unified framework for identifying and measuring the contribution of a number of
factors to misallocation (the dispersion in average revenue capital productivity) and their
consequential impact on productivity. We consider five main sources of misallocation: ad-
justment costs, uncertainty/informational frictions, correlated distortions, fixed distortions
and transitory distortions. The availability of farm-specific data on the level and type of gov-
ernment subsidies received allows us to drill into these sources and identify how government
subsidies distort the allocation of capital in the agricultural sector and its implications for

productivity.

We find that the extent of capital misallocation, measured by the dispersion of the average
revenue productivity of capital, is higher in the European agricultural sector than in US
manufacturing and agriculture and that a large share of this dispersion can be explained by
government subsidies. Correlated distortions account for the lion’s share of the misalloca-
tion, and we can attribute half of this to CAP subsidies. Overall, we find that misallocation
contributes to a 30 percent loss in productivity, one third of which can be attributed directly
to distortions induced by farm-level subsidies. In practical terms, this means that in the ab-
sence of subsidies, a reallocation of capital to more productive farmers would have led to 10
percent higher productivity, all else equal. Considering that gross value added of the sector
was €1,632 billion during the period 2001 to 2010, this is an economically significant loss.
We do not find any evidence that the reform to the CAP, which decoupled subsidies from

production, affected the way in which subsidies impact resource misallocation and produc-



tivity. Additional reduced-form analysis suggests that an important channel through which
subsidies impact misallocation is by favouring less productive farms. Finally, we explore
other possible sources of capital misallocation and find that heterogeneity in mark-ups and
in production technologies also play a role but cannot explain the dispersion in capital that

we attribute to subsidies.

Our paper is related to the large body of literature focussing on quantifying the impact of re-
source misallocation on productivity (Hsieh and Klenow 2009; Restuccia and Rogerson 2008)
and the more recent literature focussed on identifying the specific factors that contribute to
misallocation. These include Asker et al. (2014) who focus on the role of adjustment costs,
Peters (2020) who examines the implications of dispersion in mark-ups for misallocation. A
number of studies have focussed on how financial frictions lead to misallocation of capital
(Brandt et al. 2013; Caballero et al. 2008; Caggese and Cunat 2013; Gopinath et al. 2017;
Midrigan and Xu 2014) while others have focussed on channels through which labour is mis-
allocated such as a reduction in gender and race discrimination (Hsieh et al. 2019) or policies
that affect the size distribution of firms (Bento and Restuccia 2017; Guner et al. 2008). Our
paper also relates to an emerging literature on the extent and sources of misallocation in
agriculture in developing country contexts (Adamopoulos et al. 2017; Adamopoulos et al.
2017; Chari et al. 2017; Chen et al. 2017; Foster and Rosenzweig 2017; Gollin and Udry
2021; Maue et al. 2020; Restuccia and Santaeulalia-Llopis 2017). This literature points out
that the dispersion in total factor productivity is larger in developing countries and that
greater misallocation, particularly in the agricultural sector, is one possible contributing
factor. These studies highlight that an important source of agricultural misallocation in de-
veloping countries is the existence of distortions that allow low productivity establishments

to survive.

Our paper contributes to this literature in three main ways. First, this is the first paper,
to our knowledge, to examine misallocation and its sources in a comprehensive way for a
modern well-developed agricultural sector. While a large body of work has been devoted
to the extent of misallocation in the manufacturing sector (Asker et al. 2014; Bartelsman
et al. 2013; David and Venkateswaran 2019; Hsieh and Klenow 2009), relatively little is
known about whether misallocation is as prevalent in the agricultural sector and whether the
sources of misallocation align with those found to be prevalent for manufacturing. The lack of
a comprehensive analysis of the agricultural sector is a clear gap in the literature. This study
provides an important benchmark for comparisons with existing estimates of misallocation in
the manufacturing sector of other developed countries and regions, but also for the emerging

literature on resource misallocation in agriculture in developing countries cited above.



There are reasons to believe that misallocation and its sources might be different for the
agricultural sector. Uncertainty may play a larger role given that production is very depen-
dent on climatic factors. Adjustment costs might also be larger given that one of the most
important inputs for most of the sector is land which is a fixed and scarce resource. Most
notably, as mentioned above, the sector is one of the most supported by government both
in the EU and the US with subsidies accounting for around one quarter of farm income.
The relative homogeneity of the use of subsidies to support the sector in the EU provides
a unique opportunity to isolate their effect on productivity. The second main contribution
of our paper is that it is the first, to our knowledge, to empirically assess the impact of
firm-specific government subsidies on misallocation and productivity. Given that we have
data on the actual subsidies that farms receive we can explore directly how these subsidies
affect resource misallocation and quantify the implications for productivity. While our focus
is on the EU, there are significant lessons to be learned for the agricultural sector in other
contexts including the US. Our findings are also relevant for any sectors where there is heavy

government subsidisation at the firm level.

Finally, this paper contributes to the body of literature exploring the impact of measures as-
sociated with the implementation of the CAP on productivity. More specifically, we provide
new evidence on the impact of the decoupling of subsidies from production, which was part of
the CAP reform in the mid-2000s, in an attempt to reduce distortionary impacts of subsidies
on production decisions. The literature on this topic has generally focussed on how decoupled
subsidies impact output or the productivity of farms, in both EU (Kazukauskas et al. 2014;
Rizov et al. 2013; Zhu and Lansink 2010) and US (Goodwin and Mishra 2006; Weber and
Key 2012) contexts, but has generally remained silent on the impact of decoupling on the
distribution of resources within the sector and aggregate productivity. Theoretical contribu-
tions on the topic of decoupling (Ahearn et al. 2006; Chau and De Gorter 2005) suggest that
decoupling might affect the allocation of agricultural inputs across heterogeneous producers
in an ambiguous way. On the one hand, it should redistribute inputs towards relatively more
productive sectors and so improve allocative efficiency. On the other hand, it could also result
in the reduction of the exit rate of less productive farmers by relaxing their credit constraints
and/or by giving them a constant and reliable source of income.” Decoupling could also
raise the price of land and in turn increase the barriers to entry of perspective potentially
productive farmers, protecting the less efficient ones. By providing the first estimates of the

impact of decoupling on allocative efficiency, this study will contribute to the evidence base

4Some empirical evidence for this channel in a European context is provided by Kazukauskas et al. (2013).



and help inform policy makers on this potential side effect of the CAP reform, as well as on

their magnitude.

The rest of the paper is structured as follows. In section 2 we set out the theoretical model
underpinning our analysis and our methodology. The data are described in section 3. Our
main results are presented in section 4 where we focus on the contribution of subsidies to
misallocation. In section 5 we provide some additional reduced form analysis of the link
between subsidies and productivity. In section 6 we explore further the sources of capital
misallocation focussing on the contribution of heterogeneity in mark-ups and production

technologies. Section 7 concludes.

2 Theoretical framework and methodology

To study the magnitude and the source of capital misallocation in the context of EU agri-
culture, we adopt the methodology developed by DV. As illustrated in their original paper,
the main advantage of this technique is that it allows the forces contributing to the disper-
sion in the revenue capital productivity (arpk) to be disentangled and measured. Unlike
previous approaches, this methodology builds a unified framework rather than focusing on a
single source of dispersion in the capital product, and provides a more robust estimate of the
contribution of each source. More specifically, the sources considered are: adjustment costs,

uncertaintly /informational frictions, and other firm-specific distortions.

Interpreting correctly the dispersion in arpk and disentangling the impact of each of these
forces is of absolute importance for policy purposes. While on a theoretical level all these
factors can contribute to dispersion in capital productivity, the policy implications are strictly

contingent on the actual source.

More specifically, the observed dispersion in arpk can be the consequence of investment costs,
which means farms may not fully adjust their capital when they experience a productivity
shock, which in turn will increase the static dispersion of capital productivity. Similarly,
informational frictions and uncertainty can cause lags in the (or lack of) responsiveness of
farmers to price and production shocks which can result in high variance in capital across

farms.

Both of these sources are considered to be “efficient” in the literature as they reflect optimal
response behaviours of farms rather than policy-induced distortions. As an example, a farmer
experiencing a positive productivity shock might optimally decide to avoid increasing the size

of their holding because doing so would result in prohibitive adjustment costs (e.g. adminis-



trative costs and paperwork to acquire/rent new land) or because the shock is perceived to

be only transitory (uncertainty and lack of information about future outcomes).

On the other hand, distortions are conceptualized as farm-specific factors directly affecting
investment decisions. These can either be fixed (e.g. tax advantages and subsidies granted
to a specific sector or area) or related to some farm characteristics (size, productivity, etc).
Such policies result in differences in the capital productivity of farms in equilibrium that can
be directly attributed to the said interventions rather than to some “exogenous” constraint
(like adjustment costs and uncertainty). As such, they can lead to inefficiencies in the factor

distribution across farms, the so-called misallocation.’

In practical terms, the methodology involves estimating the parameters that determine the
severity of each source of capital misallocation by matching empirical moments from the co-
variance and autocorrelation matrices of firm-level investment, productivity and value added.
We estimate the DV model for each EU 15 country using harmonized farm-level data from
the Farm Accountancy Data Network (FADN) for the period from 2001 to 2010. In order to
study the impact of subsidies on capital misallocation (and its sources), we will compute the
model twice. In the benchmark specification, the value added of each farm is calculated net
of subsidies to obtain figures on the dispersion of the actual productivity of capital and its
decomposition; then, we re-estimate the model explicitly including subsidies in value added
to study the role they play in shaping farm-level investment decisions and the resulting dis-
tribution of capital across heterogeneous units. Comparing the two solutions allows us to
compute the impact of subsidies on each component of capital dispersion and in turn mea-
sure the impact on the aggregate productivity of EU agriculture. Finally, we estimate these
models before and after the CAP 2005 reform, which decoupled subsidies with the objective
of improving the productivity of farming in the EU, to assess whether it had any effect on

agricultural capital misallocation.

In what follows, we describe the main features of the DV model and refer readers to the
original work for a more in-depth exposition of the model. The economy is composed of a
representative household inelastically supplying a fixed quantity of labour N, with preferences
defined over a final good Y with discount rate 3, and of a continuum of farms of dimension 1

indexed by 7, each producing output according to a Cobb-Douglas production function with

5The term distortions is admittedly a bit misleading since some conceptually efficient sources of capital
dispersion such as variance in mark-ups and production technologies are captured empirically as firm-specific
distortions. In this paper, we will focus on the distortions directly caused by the CAP subsidies and disentan-
gle them from the impact of within sector mark-up dispersion and heterogeneity in production technology.



constant returns to scale:

Yy = K N® (1)

In the context under analysis, K represents the sum of land and agricultural capital used by

farms while NV is the amount of labour employed.

Farm production is aggregated to the economy level using a CES function with elasticity of
2]

N -1 o—1
substitution ¢ using Y; = ( [AuY,° di) ™' Where A;; represents the farm-specific idiosyn-

cratic productivity and demand shock. As a result, firm-level revenues are:

1.
Pz‘th‘t = YtaAitKglNz‘?féQ (2)

where the revenue elasticities of labour and capital are obtained by multiplying the production
elasticities from Equation 1 by 1 — %. Each farm will select the amount of capital and labour
to use to maximize their expected profits. Farms can hire labour on a period-by-period
basis after observing their productivity shocks and at the competitive market wage W. On
the other hand, capital is a semi-fixed input whose level in period ¢ is determined in ¢ — 1.
Additionally, farms need to pay a cost ¢ when investing, which is a quadratic function of the

relative increase in capital:

~

&, (K1, Ky) = g <K£1 —(1— 5))2& (3)

where 0 represents the depreciation rate of capital and f determines the severity of the

adjustment costs and is one of the key parameters the model aims to estimate.

Unlike labour, the cost of capital is assumed to be farm specific and to depend on a number of
institutional and farm-specific factors. These are captured by a farm and time specific wedge
Tf , following Hsieh and Klenow (2009). The farm’s problem in recursive form is therefore

expressed as (after substituting for the profit maximizing level of labour N):

V (K, 1) = [I?fff Eit [GAitKg - Tz‘fﬂ (1-8(1-9))— (I)t] (4)
+ EuB [V (Kit1, L))



which can be used to find the stationary equilibrium and solve the model.®

The resulting Euler equation is:

Ei [P (Kips1, A1) — B (Kiryo, K1) — Tipyy (1— 5 (1= 6) (5)

)
— 0 (Kiys1, Ki) = 0
where the subscript indicates the position of the variable of differentiation within the associ-
ated parentheses. This equation states that in equilibrium, the total (expected) benefits of
an additional unit of capital in ¢ + 1 in terms of increase in profit and reduction in future
investment costs must be exactly equal to the total (expected) costs in the form of an increase

in adjustment costs.

Log-linearizing Equation (5), in the steady state with an undistorted equilibrium (7% = 0
and setting K1 = Ky ) the law of motion of the (log of) capital will be:

kg1 (L4 B)E+1—a) = Ey (a1 + Tir1) + BEE: ki) + Eki (6)

where £ is a rescaled version of the parameter governing the severity of the adjustment costs,
while 7 is a (decreasing) function of T i.e., higher values of 7 imply lower firm-specific costs

of capital.

The distortions 7 are assumed to be the sum of three components:

Tit = Vit + X + €t (7)

with one being proportional to the firm’s productivity (vya;), one firm specific (y; ~ N (0, Ji))
and one transitory (e;; ~ N (0,02)).” The magnitude of each of these forces is captured re-

spectively by 7, ai and o2, which are three of the parameters the model estimates.

@2 1 1
SWe use the same notation as in the original paper, where: G = (1 — as) (%) 1me2 Yi-6T-az o = 1232

1
and A; = A;[i” .The expectation operator reflects the uncertainty faced by farms whose productivity is
potentially subject to idiosyncratic shocks in each period.
"Since higher levels of 7 indicate lower costs of capital, v < 0 indicates that more productive farms face
higher costs of accumulating capital.



Similar to the distortions, (log) productivity is itself a stochastic process, described by the

equation:

it = Paj—1 + i (8)

where p;; ~ N (O,Ui). However, farms receive a (noisy) signal of their future productiv-

ity:

Sit+1 = Mit+1 + €11 9)

where e;,1 ~ N (0,02), whose precision depends on the variance of the distribution of the

noise e.

Therefore, the conditional expectation on future productivity levels is given by:

1%
Eit [aj141]) = pay + o) (10)

€

-1

where V' = (U% + 0—12> with variance V. Therefore, the contributions to the dispersion of
I e

arpk of each of the components, namely adjustment costs, uncertainty, and correlated, tran-

sitory and fixed distortions, are effectively summarized, respectively, by the five parameters

2 2
57 ‘/7/77(767(7X'

Following DV, we estimate these parameters by matching a set of empirical moments de-
scribing the correlation and autocorrelation of capital, productivity and investment that can
be expressed as a complex function of these parameters using a non-linear solver. As shown
by DV, this approach avoids the biases that would arise in targeting one single moment or
a moment pair, approaches adopted in previous studies in the related literature. Instead,
we target jointly 5 different moments: the correlation between investment and past produc-

tivity shocks, p;, ,, the autocorrelation of investments, p;; ,, the correlation between farm
2

7

productivity and arpk, parpke, the variance in investment, o

2
arpk*

and finally the dispersion of
arpk, o Figure 1 illustrates this methodology by plotting the pairwise isomoment curves
and illustrating the resulting parameter estimates for the case of Ireland. Each isomoment
corresponds to the range of values for the parameter that is consistent with the empirical

moment in focus.

The intuition behind this methodology is better explained by examining the moments in

10



Figure 1: Example of method of moments (Ireland)

(A) Uncertainty vs Correlated distortions (B) Adj costs vs Correlated distortions
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a pairwise manner. For example, the impact of uncertainty and correlated distortions can
be disentangled by examining p;, , and agrpk. In fact, although they both have the same
qualitative -positive- impact on the variance of the arpk, they affect p;, ,, in opposite ways.
Intuitively, higher uncertainty (due to either higher variance in innovation y or in the signal
e) leads farms to base their investment decisions more on past productivity shocks thus
increasing p; ,_,. On the other hand, higher levels of correlated distortions (lower 7), would
ceteris paribus reduce the sensitivity of investment to past productivity shocks (as they
increase the cost of capital for the farm) and so would reduce p;, ,. Thus, matching both

empirical moments allows us to identify V' and . Panel A of Figure 1 illustrates how the

2
arp

combination of p;, , and o7, , can be used to identify V and +.

In a similar way, the impact of correlated distortions can be separated out by considering the
two empirical moments p;; , and o? (see panel B of Figure 1). Specifically, both correlated
distortions and adjustment costs reduce (all other factor fixed) the variance of investments.
Intuitively, when correlated distortions are high, farms are less willing to invest following a
positive productivity shock as capital has become more expensive as a result of the change in
productivity and vice-versa; this reduces farms’ responsiveness to productivity shocks and in
turn the dispersion of investment. High investment costs have the same impact as they in-
crease the cost of adjusting the amount of capital operated. On the other hand, the two forces

have an opposing impact on the autocorrelation of investment as higher (quadratic) adjust-

11



ment costs encourage firms to smooth investments over successive periods (increasing p;; )
while in the case of correlated distortions past investments (following positive productivity

shocks) make future capital more expensive, reducing p;; ;.

Uncertainty /informational frictions and adjustment costs can be separately identified consid-
ering that they both increase the correlation between current investment and past produc-
tivity shocks (the former because farms rely more heavily on past productivity realization
to predict future outcomes, and the latter because investment following productivity shocks
are smoothed over the years) but, as explained above, only adjustment costs affect p;; , (see

panel C of Figure 1).

Finally, the impact of correlated and transitory distortions can be disentangled by considering
that while they both reduce the autocorrelation of investments (and so the positively sloped
iso-moment curve for p; ; ), only correlated distortions affect pgypk.q, whose iso-moment curve

is thus vertical. This is depicted in Panel D of Figure 1.

In our analysis, we estimate the five moments separately for each EU15 country using the
method of moments which involves minimizing the equally weighted distance between the
model and the data value for the five empirical moments of interest. The results are presented

and discussed in section 4.

3 Data

The data for our empirical analysis come from the Farm Accountancy Data Network (FADN)
dataset. The dataset consists of micro level annual data on farm income, production and
characteristics for each country in the EU. The sample is constructed to be representative
of the population of commercial farms in the EU and is technically organized as a revolving

panel. In this paper, we focus on farms in the EU15 countries from 2001 to 2010.%

The sample reflects the sectoral composition of the agricultural activities in each country.
In particular, for the scope of this analysis, farms are divided into eight groups depending
on their main activity, namely field crops, horticulture, wine production, other permanent
crops, milk production, other grazing livestock, granivores and a residual category including
mixed, non-specialized farms. The sample size and the distribution of farming activities

across countries are shown in Table 1.

8The list of countries and country codes are provided in Table Al.
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Table 1: Sample size and farm type distribution by country

Field Horticulture Wine Permanent Milk Other BIAZIME  qanivores  Mixed N

crops crops livestock
AUT 0.16 0.00 0.04 0.02 0.43 0.10 0.13 0.12 13,611
BEL  0.09 0.14 0.00 0.06 0.22 0.19 0.10 0.19 8,730
DEU 0.18 0.07 0.05 0.02 0.30 0.05 0.12 0.21 46,144
DNK 0.18 0.13 0.00 0.02 0.26 0.01 0.28 0.12 7,995
ESP  0.28 0.11 0.07 0.15 0.14 0.15 0.06 0.04 52,583
FIN  0.11 0.13 0.00 0.00 0.60 0.02 0.09 0.04 3,522
FRA 0.24 0.05 0.15 0.04 0.18 0.15 0.04 0.13 45,846
GBR 0.22 0.06 0.00 0.02 0.31 0.26 0.05 0.08 25,690
GRC 0.43 0.03 0.06 0.28 0.00 0.12 0.00 0.08 24417
IRL  0.04 0.00 0.00 0.00 0.51 0.38 0.00 0.06 5,385
ITA 028 0.08 0.11 0.20 0.12 0.11 0.03 0.06 70,004
LUX 0.01 0.00 0.07 0.00 0.52 0.29 0.00 0.12 2,886
NLD 0.15 0.30 0.00 0.04 0.28 0.04 0.14 0.04 9,876
POR 0.14 0.09 0.12 0.12 0.24 0.20 0.01 0.07 12,017
SWE 0.21 0.00 0.00 0.00 0.48 0.07 0.14 0.10 4,662
Total 0.24 0.08 0.07 0.10 0.21 0.13 0.06 0.10 333,368

Source: Authors’ calculation based on FADN data.

After dropping observations with missing data and trimming the three percent extreme val-
ues of the empirical moments of interest, we are left with a sample of over 300,000 farm /year
observations between 2002 and 2010 spread across the 15 EU countries and the eight broad
farm activity types.” Unsurprisingly, there is a lot of cross country variation in the compo-
sition of the agricultural sector, reflecting the variety of agro-climatic conditions and geo-
graphical differences across countries in the sample. In order to account for this, the target
empirical moments are generated using variations from country, year and farm activity type

averages.

The main variables of interest are the inputs used in production and the value of the agri-
cultural output. The quantity of labour employed is directly available in the FADN dataset,
which reports the total amount of paid and unpaid hours worked on the farm in Annual
Working Units (AWU). We assume that paid and unpaid workers are equally productive
and generate labour input by summing them together. Similarly, farm-specific value added
is directly available in the data. It is defined as the total value of farm output minus the
cost of intermediate inputs used in production and intermediate consumption. The data also

include the total amount of subsidies received by farms. As shown in Table 2, subsidies

90bservations from 2001 were used to generate lags for 2002 but were dropped from the analysis as
empirical moments using lags and changes were not defined.
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represent a substantial source of income for European farms. The vast majority of them are
awarded using EU funds according to the rules established by European directives. They are
distributed by the member states, who have some autonomy in the distribution of funds. In
some instances they can also directly distribute subsidies using their own budget. For the
purpose of this paper, we will sum up all subsidies received by farms. However, we will use

the distinction between coupled and decoupled subsidies in section 4 to estimate the impact
of the 2005 CAP reform.

Obtaining the value of capital is slightly more challenging. We define a farm’s capital as the
value of its fixed assets, including the land operated in agricultural production. However,
while the book value of other fixed assets (buildings, machinery and breeding livestock) is
readily available in the data, the value of the land operated is not and only the acreage is
available. In order to aggregate land and other inputs, we compute a region and farm type
specific land price based on the rental prices observed in the sample itself and following the

methodology in Rizov et al. (2013) to convert rents into value.!'”

The values of these variables for the median farm in each country are summarized in Table 2.
Similar to the pattern reflected in Table 1, there is a lot of cross-country heterogeneity in
farm size, profitability, and labour and capital intensity. These differences reflect both the
differences in the type of activity farms are engaged in and country specific idiosyncrasies.
For example, the median farm in Greece is less than 7 hectares in size, while in the UK and
Denmark where agricultural production is concentrated in land intensive sectors like milk
production and grazing livestock, the median farm is more than 100 hectares. Similarly,
there is a wide variation in land prices across countries. The median price of a hectare of
agricultural land in the Netherlands is nearly three times higher than Italy and Germany
(2nd and 3rd country in this ranking) and 15 times higher than in Finland and France.'!
Finally, the table shows that subsidies represent a non-trivial share of the income received

by farmers, although there is significant variation across countries.

10More specifically, regions are smaller geographical areas defined in the FADN dataset. There is a total
of 105 regions in the EU15 countries. While smaller countries, like Luxemburg and Belgium are composed of
one single region, France and Italy are made up of 22 and 21 regions respectively. Land prices are estimated
for each farm activity type and region pair as long as there are at least 100 rental price observations in the
subsample. In cases where less than 100 observations are recorded, the price is estimated at the regional, or
(in cases where there is less than 100 observations for the region available) farm type, level.

1 Our estimates of land prices are in line with Eurostat estimates https://appsso.eurostat.ec.europa.
eu/nui/show.do?dataset=apri_lprc&lang=en.
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Table 2: Descriptive statistics median farm by country

Operated Land price Other assets Labour Value added Subsidies
land (ha) (€000 per ha) (€°000) (AWU) (€7000) (€°000)

AUT 30.84 3.04 227.93 1.67 27.59 18.46
BEL 42.14 19.30 194.74 1.80 68.56 15.76
DEU 58.23 20.37 174.27 1.80 142.81 39.69
ESP 23.00 4.77 27.98 1.36 24.39 5.70
FIN 50.18 3.95 173.13 2.14 24.60 49.49
FRA 75.91 3.83 145.73 2.00 48.34 24.50
GBR  102.99 10.37 170.89 2.05 47.03 29.10
GRC 6.70 11.38 17.19 1.31 11.75 4.62
IRL 50.47 18.48 130.81 1.33 25.01 18.18
ITA 12.43 22.10 58.86 1.44 22.33 3.24
LUX 83.01 9.71 375.33 1.60 51.05 40.43
NLD 23.60 61.78 355.27 2.14 129.11 2.67
POR 12.10 4.21 24.23 1.60 9.75 4.04
SWE 75.35 4.32 223.61 1.62 32.42 22.68

Source: Authors’ calculation based on FADN data. Operated land is expressed in hectares, while land
prices are expressed in thousands of Euros per hectare. Other assets, value added and subsidies are in
thousands of euros and labour is expressed in Annual Working Units (AWU). All monetary values are

adjusted using Eurostat deflators for agricultural outputs and inputs.

4 Results

In this section, we present the empirical results of the paper. We start by presenting and
discussing the target moments obtained from the FADN data without and with subsidies in-
cluded in value added. We then present the parameter estimates and the resulting estimated
impact on capital dispersion and aggregate total factor productivity of each contributing
component: adjustment costs, uncertainty, and correlated, transitory and firm-specific dis-
tortions. We also show how the case of EU agriculture compares with the estimates of DV
for the US and China. Finally, we use our results to estimate the productivity losses due to
distortions brought about by subsidies before and after the implementation of the 2005 CAP

reform that decoupled subsidies from farm production.

4.1 Empirical moments

The target moments necessary to estimate the parameters to decompose and identify the
sources of capital misallocation are estimated for each country based on the FADN dataset

described in section 3. In terms of model parametrization, we use the same elasticity of
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substitution # = 6, discount factor § = 0.95 and depreciation rate 6 = 0.10 as in DV. Unlike
DV, who rely on external sources (Bai et al. 2006; Cooper and Haltiwanger 2006) to estimate
the capital and labour shares and fix them at the country level (in the benchmark analysis),
we compute these shares separately for each country and sector (using the eight main farm
types listed in Table 1). Given that the elasticity of capital is different for each country and
sector, the parameter for a for each country is set at the weighted average of the capital

share using sector (farm activity type) specific value added as weights.

These moments are estimated separately for each of the EU 15 countries. We include year
and type of farm fixed effects (interacted) to eliminate time or sectoral trends and drop
the three percent extreme observations for each moment.!? Productivity is obtained as the
difference between (log) value added and (log) capital multiplied by the factor o while arpk
is obtained as (log) value added minus the (log) of capital. p and o7, are estimated directly

by regressing productivity a on it’s lag.

In order to study the impact of subsidies on capital dispersion, we estimate two different
versions of the model. The first does not include subsidies in the value added measure, and
so will reflect the farms’ actual productivity. In the second, we include subsidies in the
measure of value added and so this reflects the actual returns obtained by farmers and the
one they consider when making investment and production decisions. Comparing the results
from the two different specifications will allow us to assess the role played by subsidies in
determining the capital allocation across heterogeneous farms and whether the 2005 CAP

reform had any effect on it.

The estimated empirical moments are shown in Table 3. Reassuringly, they are comparable
across countries indicating that, although there are some differences across countries, the
process of capital accumulation in the farming sector and the resulting outcomes are broadly
similar across the EU15. However, it is worth pointing out that some countries display a
much higher dispersion in arpk; notably, Spain, Portugal, Italy and Greece report the higher
levels (ranging from 1.11 to 0.96), nearly twice as large as countries like Austria, Belgium
and Germany (0.43, 0.42 and 0.58 respectively).

Interestingly, when we add subsidies to the measure of value added and re-estimate the
empirical moments, we find that they explain a large share of the arpk dispersion, implying

that the monetary returns to capital actually experienced by farms (i.e. returns taking

12This trimming strategy is the same as DV. The results are robust to more and less conservative choices.

16



Table 3: Empirical moments of EU15 countries

2 2 2
Q P o Pio_1  Pipy  Parpk,a g; Oarpk

AUT Nosubs 0.70 0.81 0.16 0.03 -0.36 093 0.01 0.43
Subs 0.70 086 0.05 0.02 -0.36 089 0.01 0.17
BEL Nosubs 0.66 081 0.13 0.02 -0.30 0.89 0.02 0.42
Subs 0.66 083 0.07 0.03 -0.30 084 0.02 0.27
DEU Nosubs 0.67 0.83 0.20 -0.01 -0.27 0.88 0.01 0.58
Subs 0.67 091 0.07 -0.01 -0.27 080 0.01 0.34
DNK Nosubs 0.56 0.89 0.18 0.00 -0.33 0.75 0.04 0.51
Subs 0.56 092 0.09 0.00 -0.33 068 0.04 0.31
ESP  Nosubs 0.59 0.74 037 0.03 -0.33 091 0.03 1.11
Subs 059 0.78 020 0.04 -033 087 0.03 0.74
FIN  No Subs 0.65 0.69 037 0.02 -0.25 092 0.01 0.66
Subs 0.65 083 0.04 0.06 -025 075 0.01 0.15
FRA No Subs 0.61 0.79 0.21 0.06 -0.24 0.92 0.02 0.60
Subs 0.61 0.87 007 0.08 -024 080 0.02 0.29
GBR Nosubs 0.65 0.77 033 -0.03 -0.29 091 0.01 0.89
Subs 0.65 089 0.08 -0.03 -0.29 079 0.01 041
GRC Nosubs 0.61 0.78 031 -0.01 -0.43 094 0.04 0.90
Subs 0.61 081 0.12 -0.02 -0.43 090 0.04 045
IRL  Nosubs 079 0.70 0.36 0.09 -0.32 097 0.02 0.62
Subs 0.79 085 0.05 026 -032 092 0.02 0.15
ITA NoSubs 0.60 0.82 0.27 0.02 -0.33 090 0.04 0.96
Subs 0.60 086 0.16 0.03 -033 084 0.04 0.68
LUX No Subs 0.72 0.81 0.14 0.03 -0.40 094 0.01 0.36
Subs 0.72 0.84 0.04 0.07 -040 083 0.01 0.10
NLD No Subs 0.59 0.85 0.19 0.01 -031 082 0.04 0.74
Subs 059 086 0.15 0.00 -0.31 080 0.04 0.64
POR No Subs 0.65 0.72 048 0.00 -0.34 0.93 0.05 1.11
Subs 0.65 0.79 020 0.02 -0.34 089 0.05 0.61
SWE No Subs 0.68 0.73 0.44 0.03 -0.31 092 0.02 0.83
Subs 0.68 0.81 0.11 0.02 -0.31 086 0.02 0.29

Source: Authors’ calculation based on FADN data.

subsidies into account) are less dispersed than the actual capital productivity. This suggests

that less productive farms receive larger levels of support.

In terms of the other moments, the two that are affected most by the inclusion of the sub-
sidies in the measure of value added are the variance in the innovation shocks, ai, and the
correlation between the arpk and farm productivity which are both markedly reduced in ev-
ery country. Intuitively, this indicates that subsidies reduce the uncertainty in the monetary

returns of farming and increase the monetary returns of less productive farms.
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Table 4 provides a comparison of the estimated moments (which we aggregate using the
agricultural GDP of each country in 2005) with the ones obtained by DV for China and the
US, as well as for the agricultural, fishery and forestry sector in the US, which is arguably
more directly comparable to the context of our analysis.'®> When subsidies are not accounted
for, productivity is much more variable than in the comparator cases. Moreover, the correla-
tion between current investments and past productivity shocks (p; ., ,) appears to be nearly
zero, whereas it takes on positive values in both China and the US. The autocorrelation of
investment (p;; ,), at -0.31, is between the values that DV find for China (-0.36) and the US
(-0.30), while the correlation between productivity and arpk (parpk,q) is higher than in either

2

country but is similar to that found for US agriculture. The variance of investments (o;

2) is

also lower than in China and the US but is similar to US agriculture.

Table 4: Comparison of empirical moments

2 2 2
o P Uu Pia_1  Pia_y  Parpk,a g; Uarpk

EU15 (nosubs) 0.62 0.79 028 0.02 -0.31 090 0.03 0.82
EU15 (subs) 062 085 0.12 0.03 -0.31 083 0.03 0.50
China 062 091 0.15 029 -036 0.76 0.14 0.92
US 0.71 093 0.08 0.13 -0.30 0.55 0.06 0.45
US (agriculture) 0.77 0.92 0.11 0.13 -0.37 0.92 0.03 0.61

Source: Authors’ calculations based on FADN data (first two rows) and empirical mo-
ments from David and Venkateswaran (2019) (last three rows). The EU figures are ag-
gregated using the size of the agricultural sector (in GDP) of each country in 2005 as
weights (see Table Al for weights used).

As anticipated, including the subsidies in the measure of value added reduces the volatility
in innovation shocks as well as the correlation between productivity and arpk. Including
subsidies also brings our estimates of the empirical moments more in line with those of DV
for China and the US, especially those obtained for the US agricultural sector. All the target
moments are indeed remarkably similar, with the sole exception of p;, ,, which is much

smaller in our case.

3More specifically, the results for China are based on industrial (manufacturing, mining and utilities)
firms with sales above $600,000 between 1998 and 2009, while the ones for the US are based on publicly
traded firms from Compustat North America (including firms operating in every sector). The figures on US
agriculture are taken from DV’s online appendix and are obtained using observations for firms operating in
Agriculture, Forestry and Fishing from the same Compustat database.
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4.1.1 Parameter estimates and decomposition of arpk variance

As explained in section 2, each of the parameters of interest can be expressed as a com-
plex function of the five empirical moments discussed so far, which allows us to estimate
them by matching the empirical moments in the calibrated model. The five parameters of
interest are £, V, 7, 02 and 0)2( and describe, respectively, the severity of adjustment costs, un-
certainty and informational frictions, correlated distortions, transitory distortions and fixed

distortions.

The main advantage of this methodology is that the parameters are estimated jointly to
match a broad set of empirical moments and therefore allow a more credible decomposi-
tion of the capital productivity dispersion. For policy purposes, it is of particular interest
to disentangle the so-called “efficient” component — which includes adjustment costs and

uncertainty /informational frictions — from the potentially policy-induced distortions.'

By comparing the parameter estimates obtained using the moments calculated using the ac-
tual value added with those calculated using the value added plus the subsidies, we can study
directly the extent to which subsidies contribute to each component of the arpk dispersion.
The estimated parameters are shown in Table 5 for each country and for both specifications
of the model, while the comparison with the DV estimates for China and the US are shown in
Table 6. Our estimates are quite in line with the parameters obtained by DV for US agricul-
ture with slightly lower adjustment costs but more pronounced firm-specific and correlated
distortions. The latter component is particularly large for EU agriculture, indicating the
existence of (potentially policy-induced) distortions which favour relatively less productive

farms in accessing and accumulating agricultural capital.

The parameter « is in fact much larger in magnitude than in China and the US, although
markedly similar to the corresponding US estimate when considering only the agricultural
sector. This is not surprising as the estimate of v depends crucially on the observed autocor-
relation of productivity and arpk (which is typically very high in our sample) and (negatively)
on the responsiveness of investment to lagged productivity shocks p;, ,, which is particu-
larly low in our case. Similarly, the lack of investment responsiveness (coupled with a rather

high variance of the innovation shocks) points towards a large contribution of uncertainty

14 Although this terminology is quite useful, it can be potentially misleading as capital dispersion due to
adjustment costs and uncertainty is only “efficient” given the existing level of investment costs and infor-
mational frictions which are not necessarily sector specific and exogenous to policies. Similarly, not all the
dispersion attributed to distortions is necessarily due to distortionary policies as they may reflect heterogene-
ity in technology and mark-ups. We address this possibility in section 6.

19



Table 5: Estimated parameters EU15 countries

2

2

§ V. o, v o

AUT No Subs 0.60 0.06 -0.83 0.00 0.06
Subs 0.60 0.02 -0.76 0.00 0.03

BEL No Subs 0.43 0.06 -0.88 0.00 0.08
Subs 0.95 0.03 -0.80 0.00 0.08

DEU No Subs 1.84 0.06 -0.71 0.01 0.12
Subs 0.69 0.02 -0.67 0.00 0.12

DNK No Subs 0.81 0.07 -0.46 0.01 0.19
Subs 0.72 0.03 -0.39 0.01 0.15

ESP No Subs 048 0.18 -0.98 0.00 0.27
Subs 0.61 0.09 -0.95 0.00 0.21

FIN NoSubs 0.75 0.16 -0.79 0.00 0.09
Subs 0.64 0.03 -0.78 0.00 0.06

FRA No Subs 0.74 0.09 -0.89 0.00 0.10
Subs 1.02 0.03 -0.71 0.00 0.10

GBR No Subs 0.60 0.13 -0.91 0.00 0.16
Subs 0.55 0.03 -0.76 0.00 0.15

GRC No Subs 0.10 0.16 -1.00 0.00 0.13
Subs 0.60 0.05 -0.97 0.00 0.09

IRL No Subs 0.80 0.17 -0.81 0.00 0.02
Subs 0.51 0.03 -0.76 0.00 0.02

ITA NoSubs 0.33 0.12 -0.93 0.00 0.19
Subs 0.30 0.08 -0.83 0.00 0.20

LUX No Subs 1.05 0.05 -0.81 0.01 0.04
Subs 1.02 0.02 -0.64 0.01 0.03

NLD No Subs 0.43 0.08 -0.77 0.00 0.25
Subs 0.42 0.06 -0.77 0.00 0.23

POR No Subs 0.33 0.23 -0.94 0.00 0.18
Subs 0.25 0.10 -0.90 0.00 0.14

SWE No Subs 1.16 0.18 -0.74 0.01 0.10
Subs 0.65 0.04 -0.72 0.00 0.07

Source: Authors’ calculation based on FADN data.

and informational frictions, especially in the specification not including subsidies in value

added.

As mentioned in the previous section, including the subsidies has a significant impact on 03
and pgrpi,q, Which are both markedly reduced in every country. This affects the estimates
of the parameters governing uncertainty /informational frictions, V', and the correlated dis-
tortions, 7, which are both smaller in the second specification. Intuitively, the smaller V'

indicates that farms are less subject to uncertainty /informational frictions than it appears
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Table 6: Comparison of parameters

¢ V. oy v o
EUL5 (no subs) 0.65 0.12 -0.83 0.00 0.17
EUI5 (subs) ~ 0.61 0.05 -0.80 0.00 0.15
China 0.13 0.10 -0.70 0.00 0.41
US 138 0.03 -0.33 0.03 0.29

US (agriculture) 0.83 0.05 -0.78 0.01 0.09

Source: Authors’ calculations based on FADN data (first two
rows) and empirical moments from David and Venkateswaran
(2019) (last three rows). The EU figures are aggregated using
the size of the agricultural sector (in GDP) of each country
in 2005 as weights (see Table A1l for weights used).

from the analysis of the value added net of subsidies and that their lack of responsiveness to
productivity shocks reflects the fact that their investment decisions are based on their mon-
etary returns which depend not only on (more variable and uncertain) actual productivity

shocks but also and crucially on the predictable flow of subsidies.

The other parameter that is significantly affected by the inclusion of subsidies is v, which
in the aggregate analysis shrinks from 0.88 to 0.8. This suggests that part of the correlated
distortions faced by farms are explained, and thus arguably driven, by the subsidies they
receive. Practically, this shows that subsidies are benefiting to a larger extent less productive
farms so that, when they are included in value added, the remaining correlated distortions
appear less severe. We can therefore interpret the difference in the impact of correlated
distortions (and of the other types of distortions) on the dispersion in arpk and total factor
productivity between the first and the second specification as the magnitude of the impact

of subsidies on capital misallocation and productivity.

We use the estimated parameters to examine the impact of each factor under analysis on
the dispersion in arpk allowing us to identify the sources of the observed volatility in capital
revenue productivity for each EU 15 country.’® The results are presented in Table 7 and
a graphical representation is provided by Figure 2. Interestingly, the lion’s share of the

dispersion in capital productivity is attributed to distortions rather than “efficient” factors

5Following the baseline specification of DV, we estimate the impact on productivity dispersion separately
for each component fixing the others to zero. The sum of the effects are typically very close to the total
dispersion. In order to compute percentages and carry out the decomposition, we re-scale the estimates to

make them exactly add up to the observed Ugrpk.
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(i.e. adjustment costs and uncertainty/informational frictions). This is in line DV’s findings
for the US and China.

2

Table 7: Decomposition of oy,

Adjustment Uncertainty Correlated Transitory Fixed Total

AUT No Subs 0.09 0.05 0.24 0.01 0.056 043
Subs 0.02 0.02 0.11 0.00 0.03  0.17
BEL No Subs 0.03 0.05 0.26 0.00 0.07  0.42
Subs 0.04 0.02 0.14 0.00 0.07  0.27
DEU No Subs 0.14 0.05 0.27 0.01 0.11  0.58
Subs 0.03 0.02 0.18 0.00 0.11 0.34
DNK No Subs 0.07 0.06 0.18 0.01 0.18 0.51
Subs 0.03 0.03 0.09 0.01 0.14 0.31
ESP  No Subs 0.08 0.14 0.67 0.00 022 1.11
Subs 0.06 0.08 0.43 0.00 0.18 0.74
FIN  No Subs 0.16 0.12 0.31 0.00 0.07  0.66
Subs 0.01 0.01 0.07 0.00 0.06 0.15
FRA No Subs 0.07 0.08 0.37 0.00 0.08  0.60
Subs 0.03 0.03 0.13 0.00 0.09 0.29
GBR No Subs 0.10 0.11 0.55 0.00 0.13  0.89
Subs 0.02 0.03 0.22 0.00 0.14 041
GRC No Subs 0.01 0.14 0.65 0.00 0.11  0.90
Subs 0.03 0.04 0.30 0.00 0.08  0.45
IRL  No Subs 0.20 0.11 0.29 0.01 0.01  0.62
Subs 0.02 0.03 0.09 0.00 0.01  0.15
ITA  No Subs 0.04 0.11 0.64 0.00 0.17  0.96
Subs 0.02 0.07 0.40 0.00 0.18  0.68
LUX No Subs 0.07 0.04 0.21 0.01 0.03  0.36
Subs 0.02 0.01 0.04 0.01 0.02  0.10
NLD No Subs 0.04 0.08 0.39 0.00 023 0.74
Subs 0.03 0.06 0.33 0.00 0.22 0.64
POR No Subs 0.09 0.18 0.71 0.00 0.14 1.11
Subs 0.03 0.08 0.38 0.00 0.12  0.61
SWE No Subs 0.22 0.14 0.39 0.01 0.07  0.83
Subs 0.04 0.04 0.15 0.00 0.06 0.29

Source: Authors’ calculation based on FADN data.

In absolute terms, accounting for the subsidies reduces both the impact of the “efficient”
components and the magnitude of the distortions. As discussed above, including subsidies
in the specification allows us to estimate more realistic parameters for adjustment costs and
uncertainty since it is based on the actual revenues farmers arguably base their investment

decisions on. On the other hand, the difference in the estimated distortions can be interpreted
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Figure 2: Decomposition of o2 _, without and with subsidies
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as the contribution of subsidies to the distortions themselves and can in turn be used to
estimate their impact on total factor productivity. As shown in Figure 2, the subsidies
seem to account for a relevant share of the correlated distortions while the severity of fixed

distortions is left virtually unaffected.

Table 8: Percentage contribution to aarpk

Adjustment Uncertainty Correlated Transitory Fixed

EU15 (no subs) 10.6% 12.3% 59.7% 0.3% 17.1%
EU15 (subs) 7.5% 9.4% 54.5% 0.2%  28.4%
China 1.3% 10.3% 47.4% 0.0% 44.4%
US 10.8% 7.3% 14.4% 6.3% 64.7%
US (agriculture) 10.0% 7.3% 67.3% 1.8% 13.6%

Source: Authors’ calculations based on FADN data (first two rows) and empir-
ical moments from David and Venkateswaran (2019) (last three rows). The EU
figures are aggregated using the size of the agricultural sector (in GDP) of each
country in 2005 as weights (see Table Al for weights used).

Table 8 shows how our decomposition compares with the one estimated by DV for China and
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the US. Notably, we find that (regardless of the specification) correlated distortions play an
important role and contribute a to a larger share of the dispersion than in China in relative
terms. Reassuringly, the results are remarkably similar to those found for the US agriculture,
fishery and forestry sector, which also exhibits high correlated distortions and comparable

values for uncertainty and adjustment costs.

4.2 The impact of subsidies and the effect of decoupling on capital

misallocation

As shown in Figure 2, there is a lot of heterogeneity within countries in the EU15, not
only in the capital productivity dispersion but also in the extent to which this is explained
by subsidies. For example, Finland and the Netherlands have a similar level of capital
dispersion when subsidies are not accounted for, but adding subsidies to the value added
measure reduces arpk dispersion in Finland by nearly 80 percent, but only by less than
15 percent in the Netherlands. As shown in Table 2, the two countries differ significantly
in terms of the relative contribution of subsidies to farm profitability and this is likely to

explain these differences in the impact of subsidies.

Tables 9 provides a more detailed picture of the structure and importance of subsidies in the
15 countries under analysis before and after the implementation of the 2005 CAP reform. It
is clear that there are substantial differences in the contribution of subsidies to farm profits
across countries: the share of profits due to subsidies in the Netherlands is only 6 percent
and less than 20 percent in Spain and Italy while it exceeds 33 percent in France, Austria,

Finland and Sweden.'6

Similarly, there are differences in the implementation of the CAP reform, as member states
were given some flexibility in deciding the timing and extent of the decoupling. In some in-
stances (Denmark, Italy and the Netherlands), more than 90 percent of the subsidies received
by the median farm after the CAP reform implementation were decoupled, while in Finland,
Portugal and Australia decoupled payments accounted for 22, 33 and 41 percent only. These
differences are driven by the different approaches member states adopted to implement the
reform, with some countries opting for a full decoupling in each sector and others maintaining
coupled subsidies for some areas and/or activities or implementing a slower transition towards

full decoupling. Interestingly, the total contribution of subsidies to farm income remained

16Table A2 presents the same statistics by country, where the contribution of each farm is weighted by its
value added.
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Table 9: Subsidies and CAP reform (median farm)

Subsidies contribution Percentage decoupled

to value added subsidies

Implementation All Before After Before After
AUT 2005 0.36  0.36 0.36 0 0.41
BEL 2005 0.20 0.17 0.23 0 0.61
DEU 2005 0.31 0.29 0.31 0 0.84
DNK 2005 023 0.23 0.24 0 0.96
ESP 2006 0.17  0.17 0.17 0 0.68
FIN 2006 0.49 0.49 0.49 0 0.22
FRA 2006 0.35 0.35 0.35 0 0.72
GBR 2005 0.33 0.33 0.33 0 0.88
GRC 2006 0.26 0.25 0.27 0 0.80
IRL 2005 0.34 0.27 0.38 0 0.78
ITA 2005 0.17  0.20 0.14 0 0.92
LUX 2005 041 0.39 0.43 0 0.52
NLD 2007 0.06 0.04 0.11 0 0.95
POR 2005 0.25 0.21 0.28 0 0.30
SWE 2005 0.39 0.41 0.38 0 0.66

Source: Authors’ calculation based on FADN data.

virtually unaffected in most countries. This is hardly surprising as the main objective of the
decoupling reform was to change the production incentives of farmers without affecting the

income support component.

Figure 3 plots the level of capital dispersion for each country before and after the date
of the CAP reform implementation (which can differ across member states, as shown in
Tables 9 and A2) and the share of dispersion accounted for by subsidies. The figures suggest
that capital dispersion has increased in nearly every country (with the sole exception of
Finland and the Netherlands) and that the share mechanically explained by subsidies (i.e.
the variation in the revenue productivity of capital obtained by adding subsidies to the value

added) has remained roughly the same.

The observed increase in the productivity dispersion can be due to a number of factors
independent from the decoupling reform. In order to understand better the extent to which
it can be attributed to the CAP reform, it is useful to look separately at the contribution
of “efficient” factors (adjustment costs and uncertainty) and distortions. Figures A1l and A2
show the level of capital dispersion for each country before and after the date of the CAP
reform implementation attributed respectively to the “efficient” factors and the distortions

and indicating the share of variation accounted for by subsidies.
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Figure 3: Decomposition of o, . before and after decoupling
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As argued above, not considering subsidies when studying the investment decisions of farmers
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can lead to an overstatement of the adjustment costs and informational frictions faced by
farms as their lack of responsiveness to productivity shocks is due to the mitigating effect of
subsidies on revenue, which reduces the variability in the actual profitability of farms. In light
of this, only the “residual” impact on capital dispersion (i.e. the one estimated when adding
subsidies to value added when estimating the target moments) can actually be attributed
to such frictions. As far as the distortions are concerned, the residual component indicates
the share of capital dispersion due to farm-specific factors which are not driven by subsidies
but by other policy or environmental constraints. Interestingly, from a visual inspection of
Figure A2, it appears that most countries witnessed an increase in the distortions caused by

subsidies following the implementation of the CAP reform.

As shown in DV, we can directly compute the impact of each source on total factor produc-

tivity, a, based on their contribution to the dispersion in arpk as:

(9a _ _(06(1 +€¥2) CA¥1 (11)
aUerk 2
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We apply this formula (using country specific elasticities obtained as the weighted average of
estimated sector elasticities, using the relative value added as weights) to compute the impact
of each source of dispersion in arpk on total factor productivity. More specifically, we use
the estimates from the model including subsidies to capture the impact of adjustment costs
and uncertainty as this better reflects the actual conditions influence farmers’ investment
decisions, while the share of distortions caused by CAP subsidies is obtained by comparing
the results obtained without adding subsidies to value added (returning the total distortions)
and the one including subsidies in value added (returning the distortions that are not captured

by subsidies).

The results are presented in Table 10. We find that adjustment costs reduce total factor
productivity by 1.6 percent while uncertainty /informational frictions reduce it by 2.2 percent.
Both of these estimates are between the estimates found for China and the US in DV and
confirm that, although adjustment costs and uncertainty play a role in shaping investment
decisions of farms, they do not result in particularly high aggregate productivity losses.
Interestingly, there does not seem to be a large difference in their impact on total factor
productivity in the period before and after the CAP reform. More specifically, countries
experienced a slight reduction in the severity of the impact of adjustment costs and a small

increase in the impact of uncertainty and informational frictions.

Table 10: Impact of misallocation on total factor productivity

“Efficient” components Distortions Total
Adjustment Uncertainty Correlated Fixed

All
Aa -0.016 -0.022 -0.211 -0.058 -0.303
of which subsidies -0.096 -0.001 -0.097
Before decoupling
Aa -0.019 -0.020 -0.180 -0.057 -0.278
of which subsidies -0.079 -0.006 -0.085
After decoupling
Aa -0.014 -0.023 -0.227 -0.059 -0.325
of which subsidies -0.109 0.000 -0.108

Source: Authors’ calculations based on FADN data. The EU figures are aggregated using
the size of the agricultural sector (in GDP) of each country in 2005 as weights (see Table A1
for weights used).

Distortions are more detrimental to productivity than adjustment costs and uncertainty /informational
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frictions.!” Overall, we estimate that they reduce TFP by nearly 27 percent. This estimate
also lies between DV’s estimates for China (74) and the US (17). Most of these distortions
take the form of correlated distortions, i.e. are associated with farm productivity. On the
other hand, fixed distortion make up a small proportion of the overall distortions and tran-
sitory are practically zero. Overall, subsidies contribute to about one half of the correlated
distortions and are estimated to reduce aggregate agricultural productivity by around 10

percent.

Interestingly, the impact of subsidies before and after the CAP reform has remained largely
similar both in relative and in absolute terms. More specifically, we estimate that subsidies
reduce TFP by 8.5 percent before the reform and by 10.8 percent afterwards, suggesting
that, if anything, the post-decoupling structure of subsidies has an even more detrimental
impact on the efficiency of resource distribution across heterogeneous farms. This is perhaps
not too surprising, since while the reform decoupled subsidies from production, they are
still linked to the possession and operation of agricultural land, and therefore still affect
farmers’ investment decisions. In particular, these subsidies are still awarded to relatively
less productive farmers on the basis of the operated land, potentially discouraging them from

dis-investing, making it more difficult for more productive farmers to scale up.

Needless to say, this exercise only focuses on the impact on aggregate productivity through
the allocation of resources across existing farmers and so only evaluates the impact of the
decoupling reform on this component. It may be, for example, that decoupled subsidies
might have encouraged investments and so improved the average farm-level productivity
or had some positive, non-financial consequences such as supplying environmental goods or
supporting farming in less profitable areas where agricultural land would otherwise have been

abandoned.

5 Subsidies and productivity: reduced form analysis

The analysis in section 4 shows that agricultural subsidies, before as well as after the decou-
pling, accounted for a relevant share of the correlated distortions identified in the decompo-
sition of the dispersion in arpk. This suggests that the structure of subsidies provides some

advantage to relatively less productive establishments and potentially encourages them to

1"We do not present the figures for transitory distortions as their impact on both capital dispersion and
total factor productivity is negligible. They are available on request.
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operate a larger than efficient share of the factors of production.

We use our micro-level data to test this hypothesis directly through a reduced form regression

taking the form:

%W = Bo + Biaijer + Xijory + V5 + K + Te + €ijer (12)
where the percentage contribution of subsidies to farm income is regressed on the (log) of
farm productivity, a set of farm-specific controls X, and farm activity type (j), country (c)
and year (t) fixed effects. The estimate of the coefficient /5 will indicate the elasticity of the
level of subsidization of the farm with respect to farm productivity. If the coefficient is not
statistically different from zero, we cannot reject the hypothesis that subsidies are neutral
and do not advantage less productive farms, if instead it is less than zero, it would confirm

that subsidies are relatively more beneficial to less productive establishments.

In a similar way, we can directly test whether the implementation of the decoupling reform
had any impact on this elasticity by estimating the same equation as in (12), but adding a
dummy variable, D, indicating periods where the CAP reform was implemented in country

c and year t and it’s interaction with farm-specific productivity:

subsidies
value added iict = BO + 51&1’th + ﬂ?Dct + ﬂBDct X Qijet + X;jct7 + Vj + Ke + T + €ijet (13)
ijc

By estimating this regression, it is possible to assess whether the decoupling reform changed
the average level of subsidization (by checking the sign and significance of f;), as well as
if it affected the extent to which subsidies favour less productive farms (f3). Intuitively, a
positive estimate of the coefficient on the interaction term would indicate that decoupling

reduced the relative subsidization of less productive farmers.

The estimates of equations 12 and 13 based on all farms in our sample are shown in Table 11.
The main explanatory variable is the (log) of farm productivity, which we used to estimate the
target moments and is constructed as outlined in section 4. We acknowledge that temporary
shocks in productivity (directly affecting farm output in a given year) could mechanically
affect the ratio of subsidization, and so in columns 3, 4 and 6 we use the median productivity
of farms across the years they were included in the sample as the main explanatory variable.

In columns 1 and 3 no additional controls are included, while in the remaining specifications
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we also include the (log) capital and labour inputs.

Table 11: Subsidies and productivity

Dependent Variable: Contribution of subsidies to farm income (%)
0 ) &) @ @) ©)
Productivity (log) -0.137FF% _0.147%FF  _0.104**F  -0.089%**  -0.154%F*F  -0.096***
(0.01)  (0.01)  (0.01)  (0.01)  (0.01)  (0.01)

Decoupling 0.007 0.007
(0.01) (0.01)
Interaction 0.012 0.011

(0.01) (0.01)

Capital and Labour No Yes No Yes Yes Yes
Median productivity No No Yes Yes No Yes
R? 0.65 0.67 0.46 0.50 0.68 0.50
N 333,368 333,368 333,368 333,368 333,368 333,368

Source: Authors’ calculations based on FADN data. All regressions include farm type, year and country fixed
effects. Standard errors are clustered at the country, year and farm type levels. *** p < 0.01,** p < 0.05,
* p < 0.1. Decoupling is a country and year specific dummy variable taking value 1 when the country has
implemented the decoupling reform and Interaction is the interaction term between Decoupling and the (log)
productivity of the farm. Capital and labour indicates whether farm labour and capital (in logs) are included
in the regression as controls, and Median productivity indicates specifications where the median productivity
of the farm is used as the measure of productivity.

As expected, regardless of the specification considered, ; is estimated to be negative and
statistically significant at every conventional confidence level, suggesting that the subsidy
scheme favours less productive farms. The point estimates are similar across specifications
ranging from -0.15 to -0.09, indicating that more productive farms are relatively less subsi-
dized (as captured by the contribution of subsidies to total income). Unsurprisingly, the point
estimates as well as the R? are lower when using the median farm productivity as the main
explanatory variable, indicating that these results are partly driven by temporary shocks
affecting jointly productivity and output (i.e. the denominator of the dependent variable).
Even though the magnitude is lower, the relationship still holds for the median productivity

level indicating the presence of a more structural link.

Finally, we fail to find any significant impact of the decoupling reform either on the level
of subsidization or on the relationship between subsidies and productivity. This result is

consistent with the fact that we did not find any effect of the reform on the efficiency of the
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capital distribution across farms (Table 10).'8

6 Heterogeneity in mark-ups and production

technology

It is possible that part of the observed dispersion in capital productivity is due to the struc-
ture imposed by the underlying structural model. As in DV, we consider how much of the
dispersion could be explained by heterogeneity in mark-ups or differences in the production
technology actually used by farms operating within the same sector. In the baseline model,
the aggregation of farm production (representing the demand side of the economy) is obtained
through a standard CES function resulting in equal mark-ups across farms in equilibrium.
Similarly, all farms in a given sector are assumed to produce output using a common Cobb-
Douglas production function. Imposing this simplified structure can lead to an overstatement
of the actual dispersion in capital productivity as the resulting arpk includes heterogeneous
mark-ups and production elasticities. This artificially increases the variation in arpk across

farms.

Following DV, we exploit De Loecker and Warzynski (2012)’s intuition that (as long as the
elasticity of material inputs is constant across farms), the mark-up of a cost minimizing firm
is inversely proportional to the share of materials in revenue. The dispersion in mark-ups
can thus be inferred directly from the variation in the share of materials in revenue which
is typically readily available in firm-level data. In our case, we define this share as one
minus the ratio of value added to the total value of farm output. As for the other empirical
moments, we compute this variance separately for different farm activity types and years for

every country.

Computing the variance in production elasticities within sectors is empirically more compli-

cated. Following DV, we can obtain an upper bound for this variance as:

— 2
2 2 —_
o:—o-— — cov | arpk, arpn

arpk arpn < pr, arp >

o? (log &) < — 5
_a T _a 2 2
2C_acov <arpk, arpn) + (C—a> Ok + 0%

18We estimate a similar set of regressions where the dependent variable is the total (log) of subsidies
received by farms rather than their contribution to farm revenue. The results are shown in Table A3 and are
fully in line with our conclusions on the link between productivity and subsidies.
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where ( is the average revenue share of materials and & is the average capital elasticity (that is
empirically equal to the elasticity &; computed for the previous analysis) and m:pk and arpn
are the average revenue product of capital and labour, respectively, adjusted for the mark-up.
19 Intuitively, if the marginal revenue of capital and labour tend not to move together, it
means that firms are operating with different levels of capital and labour intensities, possibly
indicating heterogeneity in their production processes. This can of course also be the result
of some capital or labour specific distortions affecting the input mix of farms; the upper
bound in Equation 14 is computed assuming that labour and capital distortions are perfectly
correlated and as such all the existing variation in the input mix is due to differences in

technology.

The moments of interest are presented in Table 12, along with the resulting percentage
contribution to the dispersion in arpk of heterogeneity in mark ups and production func-
tions. Table 13 compares the aggregate findings with the results from DV for China and the
US.

It is clear that, similar to the case of China and the US, differences in technology play
an important role in determining the observed dispersion in arpk. In our case, the upper
bound indicates differences in the technology adopted could explain up to one-third of the
dispersion. The relative homogeneity in mark-ups is not surprising as it plausibly reflects
the high substitutability of the output produced by farms. The heterogeneity in technology

is instead rather marked and in line with the figures for China and the US.

Conceptually, these components are likely to be captured as fixed distortions in the decom-
position presented in section 4. Indeed, there seems to be a strong correlation between the
share of arpk dispersion explained by fixed distortions and the variance in mark-ups and
technology; a univariate cross country regression returns a coefficient (elasticity) of 0.57, sig-
nificant at the 5 percent confidence level. 2° Figure 4 provides a graphical depiction of the
positive relationship between the share of dispersion that the model attributes to fixed farm-
specific factors and the share that can be linked empirically to heterogeneity in mark-ups
and production technology. We can conclude from this that while these factors could explain

part of the observed dispersion in arpk, they do not explain all and the part that they do

9More specifically, they are obtained as the difference of the (log) revenue productivity of capital/labour
minus the (log) mark-up obtained as the inverse of the firm-specific material share of revenue.

20Interestingly, the share attributed to mark-ups and heterogeneous production technology is consistently
higher than the share attributed to fixed distortions, but this realistically reflects the fact that the former is
an upper bound.
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Table 12: Dispersion in technology and mark-ups

con(@r k) T i od oy Total o ieRER
AUT 0.19 031 034 0.11 0.02 0.13 0.31
BEL 0.17 036 03 0.14 0.02 0.16 0.39
DEU 0.26 048 041 0.16 0.01 0.17 0.3
DNK 0.2 041 026 0.11 0.01 0.13 0.26
ESP 0.3 091 052 037 003 04 0.36
FIN 0.36 0.51 056 0.15 0.01 0.16 0.25
FRA 0.21 048 036 0.18 0.02 0.2 0.33
GBR 0.39 0.74 052 0.21 0.02 0.23 0.26
GRC 0.3 0.67 058 0.29 0.03 0.32 0.36
IRL 0.44 046 0.67 0.1 0.02 0.11 0.19
ITA 0.32 0.79 0.67 036 0.03 0.39 0.41
LUX 0.22 026 032 0.06 0.01 0.07 0.21
NDL 0.2 0.66 0.34 0.27 0.02 0.28 0.38
POR 0.53 092 08 029 004 0.33 0.30
SWE 0.48 0.66 0.72 0.18 0.01 0.19 0.23

Source: Authors’ calculation based on FADN data. The last column indicates the per-
centage contribution of mark ups and heterogeneity in elasticity of production to arpk

dispersion. The contribution of variance in elasticity is an upper bound.

Table 13: Comparison of dispersion in mark-ups and technology

Mark ups Technology
Dispersion Contribution Dispersion Contribution
EU 15 0.02 2.6% 0.26 31.5%
China 0.05 3.8% 0.30 23.1%
US 0.06 13.6% 0.18 44.4%

Source: Authors’ calculations based on FADN data (first row) and David
and Venkateswaran (2019) (last two rows). The EU figures are aggregated
using the size of the agricultural sector (in GDP) of each country in 2005 as
weights (see Table Al).

explain relates to fixed distortions rather than correlated distortions.
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Figure 4: Fixed distortions and heterogeneous technology/mark-ups
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Percentage mark ups and technology
Coeff = 0.57, significant at 95% level.

7 Conclusion

In this paper, we have provided new evidence on the nature and extent of resource misal-
location for the EU agricultural sector. We focussed on capital misallocation and used the
recent methodology developed by DV to quantify the impact of resource misallocation on
productivity and to disentangle the main contributing factors with a particular focus on how
government subsidies. While government supports for the agricultural sector are motivated
on grounds other than efficiency, including food security, the provision of public goods relat-
ing to the environment and spatial equity in the form of rural development supports, knowing
the impact on productivity is important for making informed policy choices. In this paper,
we quantify the lost productivity associated with subsidies through the capital misallocation

channel.

We find evidence that capital misallocation led to a 30 percent loss in aggregate productivity
in the sector during the period 2001 to 2010. Most notably, a large proportion of this, around
one third, can be attributed to government subsidies. This is equivalent to a 10 percent loss in

productivity. Given that for the period of our analysis total gross value added of the sector
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amounted to €1,632 this is an economically meaningful loss. Moreover, we find evidence
that the reform of the CAP, which decoupled subsidies from production with the aim of
eliminating distortionary effects on productivity, made no material difference to the extent

of capital misallocation associated with subsidies.

This is the first paper, to our knowledge to provide estimates of this kind for the agricultural
sector, and so our results provide an important benchmark for other studies of other sectors
of the economy, such as the manufacturing sector, and also the agricultural sector in other
country or regional contexts. Moreover, the large contribution of subsidies to misallocation
and associated productivity losses provides new insights on their distortionary effect that are
important for policy makers considering the reform of such policies for agriculture but also

for other subsidised sectors of the economy.
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Appendix

Table Al: Codes, Countries and weights for aggregation

Code Country Weight
AUT Austria 2.01%
BEL Belgium 1.62%
DEU Germany 10.59%
DNK Denmark 1.91%
ESP Spain 18.53%
FIN Finland 2.13%
FRA France 17.98%
GBR Great Britain  6.24%
GRC Greece 6.69%
IRL Ireland 0.96%
ITA Ttaly 19.73%
LUX  Luxemburg  0.06%
NDL  Netherlands  6.34%
POR Portugal 3.05%
SWE Sweden 2.15%

Source: Weights are based on the ab-
solute value of agricultural production
in 2005.
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Table A2: Subsidies and CAP reform (adjusted for value added)

Subsidies contribution Percentage decoupled

to value added subsidies

Implementation All Before After Before After
AUT 2005 0.32 0.32 0.32 0 0.42
BEL 2005 0.17  0.17 0.18 0 0.49
DEU 2005 0.30  0.30 0.30 0 0.80
DNK 2005 0.18  0.17 0.19 0 0.83
ESP 2006 0.17  0.17 0.17 0 0.62
FIN 2006 043 0.44 0.43 0 0.19
FRA 2006 0.25 0.25 0.25 0 0.60
GBR 2005 0.23 0.23 0.24 0 0.83
GRC 2006 0.23 0.22 0.24 0 0.73
IRL 2005 0.27 0.23 0.32 0 0.82
ITA 2005 0.15 0.16 0.14 0 0.78
LUX 2005 0.36  0.35 0.37 0 0.51
NLD 2007 0.07  0.05 0.08 0.08 0.60
POR 2005 0.24 0.22 0.25 0 0.39
SWE 2005 0.33 0.34 0.32 0 0.63

Source: Authors’ calculation based on FADN data.

Table A3: Subsidies and productivity (level)

Dependent Variable: Subsidies (log)
(1) (2) (3) (4) () (6)
Productivity (log) -0.206***  -0.306%**  -0.194%FF  -0.335%**  -(.342%** (. 280%**
0.05)  (0.05)  (0.06)  (0.05)  (0.07)  (0.04)

Decoupling 0.110 0.127
(0.14) (0.14)
Interaction 0.055 -0.081

(0.09) (0.09)

Capital and Labour No Yes No Yes Yes Yes
Median productivity No No Yes Yes No Yes
R? 0.45 0.55 0.45 0.55 0.55 0.55
N 333,368 333,368 333,368 333,368 333,368 333,368

Source: Authors’ calculations based on FADN data. All regressions include farm type, year and country fixed
effects. Standard errors are clustered at the country, year and farm type levels. *** p < 0.01,** p < 0.05,
* p < 0.1. Decoupling is a country and year specific dummy variable taking value 1 when the country has
implemented the decoupling reform and Interaction is the interaction term between Decoupling and the (log)
productivity of the farm. Capital and labour indicates whether farm labour and capital (in logs) are included
in the regression as controls, and Median productivity indicates specifications where the median productivity

of the farm is used as the measure of productivity.
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Figure A1l: Decomposition of aprk before and after decoupling (adjustment costs and
uncertainty)
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Figure A2: Decomposition of o7, before and after decoupling (distortions)
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