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Abstract
Depending on the type of policy measure to assist agriculture, support levels can
differ over time and across regions. This paper assesses the effects of the Common Agricultural Policy (CAP) reforms during the 1990s on the fluctuation and
distribution of gross transfers to producers. The empirical analysis of instability
is based on the index proposed by Cuddy and Della Valle, which corrects for underlying trends in the time series. Results indicate that CAP transfers have become more stable by moving from market price support to direct area and headage payments. To reveal territorial impacts of the adjustments in EU agricultural
policy a regionalised concept of producer support estimates (PSEs) is adopted.
For the German federal states, significant differences in CAP support levels are
observed. Exploring the distributional dynamics, the findings show that those disparities across regions have increased throughout the period under study.
Keywords
Convergence, Cuddy-Della Valle index, direct area and headage payments, market price support, producer support estimate (PSE)

1. Introduction
In the 1990s major adjustments of the Common Agricultural Policy (CAP) took place by
moving partially from market price support to direct area and headage payments. To estimate
the likely impacts of these reforms on domestic farmers, economists have undertaken notable
efforts in the past. A recent literature review of Andersson (2004) in this field reveals, however, that mainly the effects on production have been analysed, while empirical evidence on
the instability and distributional dynamics of CAP transfers is limited. For instance, Tarditi
and Zanias (2001), Zanias (2002) and the Arkleton Centre for Rural Development Research
(Arkleton Centre, 2003) investigate regional income redistribution generated by CAP measures and alternative policy scenarios. In all cases, significant differences in territorial support
levels were found. While these studies focus on impacts of agricultural policies on EU cohesion, they do not explicitly assess implications for the cross-sectional dispersion of support
through time. An exemption are Anders et al. (2004) who examine trends in the territorial
incidence of CAP support within one federal state of Germany, that is Hesse. The authors
conclude that between 1986 and 1999 transfers have become increasingly unequal across regions.
The purpose of this paper is to illustrate the effects of EU agricultural policy reforms in the
1990s on gross transfers to producers over time and across regions. Important questions are
whether direct area and headage payments reduce or increase the fluctuation of CAP support
and to what extent the distribution is affected. The empirical analysis is based on producer
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support estimates (PSEs) computed by the Organisation for Economic Co-operation and Development (OECD). Instability through time is measured with the index proposed by Cuddy
and Della Valle (1978), which accounts for possible trends in time series. For assessing territorial impacts and dynamics, Germany was chosen as the country of analysis, as its federal
states reveal highly diverse farming conditions and structures among each other. A regionalised PSE approach suggested by Anders et al. (2004) appears to be a useful construct in calculating the territorial incidence of CAP support. To examine the cross-sectional dispersion of
transfers over time, the concepts of beta and sigma convergence developed in macroeconomic
studies (cf. Barro and Sala-i-Martin, 1990) are applied.
The paper is structured as follows. The next section provides a short overview of the adjustments in CAP policy instruments during the 1990s. It discusses intertemporal and interregional implications for gross transfers theoretically and derives two hypotheses. Section 3
describes the methodology of measurement and the data used for analysis. The paper then
presents empirical results in Section 4. Concluding remarks are offered in the final section.

2. CAP reforms in the 1990s and theoretical implications for gross transfers
Since its inception in the 1960s, the CAP had experienced merely small changes for decades.
Market price support was the main policy measure to subsidise domestic agriculture. Assistance was not equal across commodities, but some gained more than others. Due to increasing
budgetary expenses and trade negotiations within the General Agreement on Tariffs and
Trade (GATT), the CAP had to change. In the so-called McSharry reform of 1992 the instruments of the CAP were shifted partially from market price support to direct area and headage
payments. The Agenda 2000 in 1999 deepened the McSharry reform and moved policy measures more toward this form of direct producer payments. Despite its adjustments in the 1990s,
market price support is still the EU’s major instrumentation to subsidise domestic farmers. As
the left-hand side of Table 1 indicates, the share of market price support in CAP transfers has
declined significantly over the last years. However, more than half of the assistance to agricultural producers still accrues from this instrument. Direct payments based on area planted or
animal numbers have become increasingly important and between 2002 and 2004 they account for more than one quarter of total support. The right-hand side of Table 1 shows the
percentage PSE, which measures transfers as a ratio of gross farm receipts, across key commodities and over time. It points out that EU agricultural support differs substantially for the
products under consideration. Both the coefficient of variation and geometric mean of the
2

percentage PSE have reduced slightly during 1988 and 2004 (by 5.0 and 2.5 percentage
points, respectively).

Table 1: Agricultural support within the EU
Composition (share in PSE)

Market Price Support

Level (Percentage PSE)
1986-88

2002-04

86.0

54.5

Payments based on

1986-88

2002-04

Beef

55

73

Milk

70

40

input used

5.2

8.2

Pigmeat

16

24

output

5.2

3.5

Poultrymeat

24

40

area planted/animal numbers

2.8

27.8

Sheapmeat

70

53

input constraints

0.7

4.8

Coarse grains

55

46

historical entitlements

0.0

1.2

Wheat

51

43

overall farming income

0.0

0.0

Rapeseed

59

36

100.0

100.0

Sugar

60

60

Total

Notes: 1986 to 1988 EU-12, 2002-2004 EU-15 and EU-25, respectively.
Source: Calculations based on data from the OECD producer support estimate indicators.

In summary, reforms of the CAP have resulted in substantial adjustments regarding the composition of policy instruments used, while the overall level of support has remained almost
constant. The partial renunciation from market price support and expansion of direct area and
headage payments can have important effects on the instability and distribution of gross transfers. Given this background the remainder of this section concludes by deriving a number of
testable hypotheses.
Let us start by looking at the theoretical implications of the McSharry and Agenda 2000 reforms on support levels through time. As price fixing within the EU was independent from the
world market (cf. Thompson et al., 2000: 724), the monetary value of transfers arising from
market price support was determined by the quantity produced and the gap between domestic
and world prices. In contrast, assistance from direct area and headage payments, by definition,
only depends on land under cultivation and animal numbers. Due to the high variability of
production and world prices compared to annual changes in area planted or animal numbers,
market price support is expected to fluctuate more than direct area and headage payments.
The first hypothesis therefore simply states that gross transfers to producers have become
more stable with the EU agricultural policy reforms in the 1990s.
Next, let us focus on the distributional impacts of decreasing market price support and increasing direct area and headage payments. As for both of these policy instruments transfers
are related to specific products, regions benefit in accordance with their output mix. Direct
3

area and headage payments under the CAP were designed to compensate farmers for the cuts
in market price support. Thus, the second hypothesis is that ceteris-paribus these policy reforms do not reduce the heterogeneous territorial incidence of agricultural support. Moreover,
distributional dynamics of this variable are mainly driven by changes in the regional output
mix.

3. Data inputs and analytical framework
The source of data used for the empirical analysis has been annual statistics of the OECD on
PSEs. This indicator, described in detail by Cahill and Legg (1989) and Legg (2003), sums up
the annual monetary transfers from domestic consumers and taxpayers to producers arising
from agricultural policy measures. In algebraic form the absolute PSE to a commodity produced is
(1)

PSE = ( Pd − Pw )* Q − L + PP ,

where Pd and Pw are domestic and world market prices, respectively, Q is the level of production, L are levies on producers and PP is all other budgetary-financed support. The latter
comprises payments based on various criteria, i.e. area planted and animal numbers, output,
historical entitlements, input use and constraints, overall farming income, and miscellaneous.
While initially used to quantify the aggregate level of support to agriculture, the OECD has
increasingly focussed on the composition of the PSE in the past years (cf. Tangermann,
2005: 7). Based on the statistics supplied by OECD, the instability of transfers arising from
different policy instruments can be assessed. The dataset covers the period from 1986 to 2004
and it is first used to calculate the fluctuations of market price support and area and headage
payments. The contribution of area and headage payments to the stability of total CAP support is then analysed by comparing explicitly situations with and without this instrument. The
fluctuation of transfers through time is calculated with the measure of instability developed by
Cuddy and Della Valle (1978: 82). This method corrects the coefficient of variation, if data
are scattered around a positive or negative trend line. The Cuddy-Della Valle index (I) is
given as follows:
(2)

I = CV * 1 − R 2 ,

where CV is the coefficient of variation, defined as the ratio of a samples’ standard deviation
to its mean, and

R2

is the adjusted coefficient of determination of the trend regression which

best fits the time series. For determining
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R2

a linear and nonlinear (log linear) trend equation

have been estimated in this paper. If the F-test is statistically significant at the five percentage
level, the index I is used to indicate the fluctuation of CAP transfers. If data are non-trended,
the coefficient of variation is calculated.
As Duggan (1979) shows, the measure proposed by Cuddy and Della Valle is affected in the
presence of autocorrelated error terms. To test for this special problem with time series data
the Durbin-Watson statistic is used. If the null hypothesis of no first-order serial correlation
has to be rejected or if the test is inconclusive at the five percentage level of significance the
Cochrane-Orcutt iterative procedure is applied. In doing so, it is always assumed that the error
term follows an AR(1) model (cf. Aiello, 1999: 75).
After having described the measure of instability used in the empirical analysis, a concept
for discovering the distribution and change of agricultural support across regions is presented
next. Anders et al. (2004: 107) suggest a regionalisation of OECD’s PSE concept to assess the
territorial incidence of CAP transfers. This approach can be viewed as a top-down procedure
taken in two stages. First, the so-called Unit PSE, defined as the total value of support per unit
of the commodity produced, is multiplied by the level of production within a specific area. In
the second stage, these product-specific support values are added to obtain an indicator for
regional gross transfers. The advantage of the proposed method is that it requires only detailed
territorial data on agricultural production volumes while assuming equal Unit PSEs across
different areas. An alternative to the top-down procedure is to collect data on each component
of equation (1) at the more localised level. However, the necessary information for the latter
approach is often not available, making such bottom-up procedure a cumbersome or even
impossible task 1 . Given the difficulties in compiling a consistent regional dataset from the
various statistical sources this paper chooses the approach developed by Anders et al. (2004)
for analysing the territorial impacts of the CAP. Assuming N commodities supported by agricultural policy measures the regionalised PSE is defined as
(3)

N
⎞
⎛ PSEieu
PSE j = ∑ ⎜⎜
* Qi j ⎟⎟ ,
eu
i ⎝ Qi
⎠

where superscript j refers to the region under consideration, eu is the European Union and Qi
is the quantity produced of commodity i (i = 1, 2, … , N). This equation is applied to Germany and its federal states over the period 1991 to 2004. Among the list of commodities for
which the OECD derives PSE values a set of nine is selected: wheat, other grains, rapeseed,
1

The bottom-up procedure has been applied at the NUTS 0 (Zanias, 2002), NUTS 1 (Tarditi and Zanias, 2001)
and NUTS 3 level (Arkleton Centre, 2003) to evaluate the territorial impacts of the CAP among EU regions.
These studies show that this approach becomes more complex the smaller the areas under consideration are.
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sugar beets, milk, beef, pigmeat, sheepmeat and poultry. These commodities receive approximately 75 per cent of EU’s absolute PSE and cover main products in German agriculture. Regional data on quantities for the chosen commodities and other agricultural variables
have been obtained from the Federal Statistical Office and the Zentrale Markt- und Preisberichtstelle. To account for the differential size of the federal states, gross transfers are related to the utilised agricultural area 2 . The relevant indicator to measure the redistributive
impacts of CAP support is thus
(4)

PSE j
,
PSEha =
uaa j
j

where uaa j denotes the utilised agricultural area of region j.
Barro and Sala-i-Martin (1995: 383) propose the concepts of beta and sigma convergence in
order to measure macroeconomic convergence. These concepts are applied here for analysing
changes in the distribution of agricultural support throughout the time period under study. The
former occurs when regions with lower initial support levels receive more CAP transfers than
those with higher initial levels. Applied to this paper and according to Maurseth (2001: 251253) beta convergence is derived as
(5)

j
⎞
⎛ PSEha 2004
1
j
⎟⎟ = α + βlog PSEha1991
log ⎜⎜
+ γX + u ,
j
T
PSEha
1991 ⎠
⎝

(

)

where T is the time from the initial to the last year, PSEha j are regionalised gross transfers to
agriculture (cf. equation 4) in 2004 and 1991, respectively, X denotes a vector of other explanatory variables, and ui is the error term. The left-hand side of equation (4) is the average
annual growth rate in CAP support per hectare and is taken as the dependent variable. Beta
convergence exists for a sample of regions, if in a cross-section regression the coefficient β is
negative and statistically significant at the five percentage level. According to whether equation (4) includes other explanatory variables (e.g. regional dummy variables) or not, one distinguishes conditional from unconditional beta convergence. The second concept used here is
that of sigma convergence which looks at the dispersion of some variable across regions over
time. Let CVt be the coefficient of variation of the PSE per hectare over all regions in time t,
sigma convergence can be calculated as
(6)

2

CVt = α + βt + u ,

The number of farms is not taken as a basic unit, because of the clear division between a large-scale farming
eastern part (the former German Democratic Republic (GDR)) and a small and medium-scale farming part in the
remainder of Germany.
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where t is the trend and ui is the error term of an ordinary least squares estimation. If the CV
tends to fall over time, then gross transfers are converging. While conceptually different, the
two measures presented above are related in the sense that beta convergence is a necessary but
not a sufficient condition for sigma convergence (cf. Sala-i-Martin, 1996: 1330) 3 . For this
reason, sigma convergence can be viewed as a stricter criterion than beta convergence.

4. Empirical Results
The estimated variation of CAP support over time is reported first and is followed by an investigation of the way in which transfers are distributed across regions. An initial hypothesis
developed in this paper was that the instability of gross transfers has reduced since EU’s major agricultural policy reforms in the 1990s. In this regard, major changes took place for
grains and beef with a cut in support prices by a total of 50 and 35 per cent, respectively. To
compensate for revenue losses in these markets direct area and headage payments were introduced and increased. The upper part of Table 2 summarises the arithmetic means and variation indices of CAP transfers arising from market price supports and direct area and headage
payments for wheat, coarse grains, beef and the total of all commodities between 1986 and
2004. During the period 1986 to 2004 the average value of market price support to EU farmers exceeds the value of direct area and headage payments with the exception of wheat. A
comparison of instability indices for these instruments shows that transfers arising from market price support fluctuate more than direct area and headage payments, but not for the aggregate of all commodities. The high instability of market price support is not surprising given
the variability of world prices for agricultural products. Besides and in particular for crops,
annual yield variations are a main source of fluctuation. To test whether the fundamental CAP
reforms in the 1990s stabilise transfers to EU farmers the lower part of Table 2 gives variation
indices for the situations with and without direct area and headage payments. The results confirm that the shift to this policy measure decreases the fluctuation of absolute PSEs on the
single markets. The most substantial reduction is realised for wheat (-61.4%), followed by
coarse grains (-54.1%) and beef (-38.7%), corresponding to the share of direct area and headage payments in total support for the commodity under consideration.

3

A process of sigma convergence implies not only β < 0, but also -1 < β to rule out that regions with low initial
values for the analysed measure catch up and get ahead of regions with higher values (Maurseth, 2001: 252).
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Table 2: Instability indexes of CAP gross transfers to EU farmers, 1986-2004
Wheat

Coarse grains

Beef

All commodities

Arithmetic mean (EURm)

3 201

3 932

9 762

62 637

Variation Index

52.8

36.0

16.1

12.8

CV

In

(i) Market Price Support

Instability measure

I

n

I

n

(ii) Area and headage payments
Arithmetic mean (EURm)

4 461

3 413

4 022

17 362

Variation Index

18.7

20.8

13.2

13.3

Instability measure

I

p

I

p

I

p

Ip

(iii) Absolute PSE
Arithmetic mean (EURm)

8 648

8 370

15 626

94 103

Variation Index

15.9

13.3

9.5

7.5

p

Ip

Instability measure

I

p

I

p

I

(iv) Absolute PSE excluding area and headage payments
Arithmetic mean (EURm)

4 187

4 975

11 604

76 742

Variation Index

41.2

29.0

15.5

10.6

CV

In

- 38.7

- 29.2

Instability measure

I

n

I

n

Stabilising effect of direct area and headage payments on absolute PSE (%)
Reduction in instability

- 61.4

- 54.1

Notes: CV is the coefficient of variation, I is the coefficient of variation corrected by the fitness of a trend regression. Superscript p (n) refers to a positive (negative) trend in the observed time series. The stabilising effect of direct area
and headage payments was calculated as [(variation index iii - variation index iv) / variation index iv] * 100.
Source: Calculations based on data from the OECD producer support estimate indicators, various years.

Since the instability of agricultural support was lowered in the analysed markets, the question arises if and how the territorial distribution of gross transfers has changed as a consequence of the fundamental CAP reforms in the 1990s. For empirical analysis a new data set
ranging from 1991 to 2004 is used, given the reunification of East and West Germany in
1990. The left-hand side of Figure 1 shows regional gross transfers expressed per hectare for
1991 and reveals huge differences in this variable.
Areas of north-western and southern Germany are among the highest beneficiaries while in
the eastern, former GDR regions of the country the lowest support levels are found. This peculiar situation is due to the fact that CAP support on a per-hectare basis is greater for animal
products than for crops, and is thus closely related to livestock density 4 . The eastern part of
Germany, which exhibits the lowest livestock densities (except for Saxony), therefore tended
to receive lower CAP transfers.
4

The Bravais correlation coefficient between CAP support per hectare and a livestock density index is 0.95 in
1991 and statistically significant at the 99.9 percentage level (two-tailed).
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Figure 1: CAP support and its regional change in Germany
b) Regional change (PSEha2004 / PSEha1991)

a) CAP support (EUR) per hectare, 1991
More than 1 000

More than 1.1

800 to 1 000

1.0 to 1.1

600 to 800

Less than 1.0

400 to 600

No data

No data

Notes: The results refer to hectare of utilised agricultural area.
Source: Calculations based on data from the OECD producer support estimate indicators, Federal Statistical Office and Zentrale Markt- und Preisberichtstelle, various issues and years.

The regional change in gross transfers is displayed on the right-hand side of Figure 1. For
some areas agricultural support has decreased between 1991 and 2004, whereas others and
especially the eastern part of Germany with low initial values indicate an increase. These developments are mainly driven by changes in territorial livestock densities 5 . During the analysed period the latter shows the largest enhancements in Mecklenburg-Western Pomerania,
Saxony-Anhalt, and Thuringia. By contrast, Hesse, Saarland and Rhineland-Palatinate exhibit
the most substantial decline in livestock density. A closer inspection of the dynamics in the
distribution is given in Figure 2, which graphs for each federal state its ranking in the first and
last year.
Figure 2: Ranking of regions by their CAP support levels per hectare, 1991 and 2004
14

MV

ranking, 1991

12
10

TH

8

ST
SN

RP

BW

6
4 NI

SH

2

BB

HE

SL

BY

NW

0
0

2

4

6

8

10 12 14

ranking, 2004

BB
BW
BY
HE
MV
NI
NW
RP
SL
SH
SN
ST
TH

=
=
=
=
=
=
=
=
=
=
=
=
=

Brandenburg
Baden-Württemberg
Bavaria
Hesse
Mecklenburg-Western Pomerania
Lower Saxony
North Rhine-Westphalia
Rhineland-Palatinate
Saarland
Schleswig-Holstein
Saxony
Saxony-Anhalt
Thuringia

Notes: The diagonal is not a regression line, but divides the sample into two groups.
Source: Calculations based on data from the OECD producer support estimate indicators, Federal Statistical Office and Zentrale Markt- und Preisberichtstelle, various issues and years.
5

This point is indicated by the Bravais correlation coefficient between changes in CAP support per hectare and
changes in livestock density for the period 1991 and 2004. It amounts to 0.90 and is statistically significant at the
99.9 percentage level (two-tailed).
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It illustrates that North Rhine-Westphalia received the highest support levels per hectare
both in 1991 and 2004. The diagonal divides the federal states into two groups. Those above
the line are regions that forged ahead of others in view of support while those below shifted
down.
The standard deviation of the change in ranking is 3.1. Figure 2 reveals, however, that there
is more mobility in the lower ranks of the sample than in the upper. To analyse whether disparities in support levels across regions in Germany exacerbate or reduce during the period of
fundamental CAP reforms in the 1990s, regressions were run for beta and sigma convergence
(Table 3). First, results show no unconditional beta convergence for the time period under
study. Considering that the lowest initial support levels were found in the eastern part of
Germany, a dummy variable was then defined representing their regional characteristics. Estimation results are again not statistically significant identifying also absence of conditional
beta convergence. It can therefore be concluded that there is no evidence that areas with low
initial support levels caught up with favoured areas between 1991 and 2004.

Table 3: Estimating convergence in CAP support across German regions, 1991-2004
Variable
Unconditional beta convergence

Coefficient

t-value

0.04

0.81

log PSEha 1991 (β)

-0.01

-0.84

Intercept (α)

-0.10

-1.57

log PSEha 1991 (β)

0.03

1.50

Dummy east (γ)

0.02

2.62

Intercept (α)

27.21

18.72

Time (β)

0.56

3.28

Intercept (α)
j

Conditional beta convergence

j

Sigma convergence

F-statistic

0.42

3.97

10.79*

Notes: Equations were estimated with ordinary least squares. * is statistically significant at the 99%-level.
Source: Calculations based on data from the OECD producer support estimate indicators, Federal Statistical Office and Zentrale Markt- und Preisberichtstelle, various issues and years.

Testing for sigma convergence reveals that the dispersion of CAP support has increased over
the period analysed here. The interregional coefficient of variation grew significantly by 0.56
percentage points annually. This estimate is larger than the 0.39 estimate of Anders et al.
(2004: 117), obtained using data from 1986 to 1999 for the federal state of Hesse. In general,
Table 3 confirms the expectation that the CAP reforms in the 1990s, with its shift to direct
area and headage payments, do not reduce the heterogeneous territorial incidence of agricultural support.
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5. Summary and conclusions
The paper explores two issues relating to the effects of EU agricultural policy adjustments in
the 1990s on support levels to producers. First, the focus is on the implications of reduced
market price support and increased direct area and headage payments for gross transfer variability. Three commodities are covered in the analysis, that is, wheat, coarse grains and beef,
as the central aspects of the reforms took place in these sectors. Besides, the impact on the
aggregate level of support for all commodities is considered. The empirical evidence appears
reasonable and suggests that the changes in policy instruments used by the CAP tend to stabilise gross transfers. The second issue investigated in this paper refers to the distributional impacts of CAP reforms during the 1990s. Findings for the German federal states show a heterogeneous territorial incidence of gross transfers per hectare. This is not surprising since
farming structures differ substantially for the regions under study and support levels vary
across commodities. In particular, higher levels of support per hectare seem to be associated
with livestock density. As a result, north-western and southern federal states are the largest
beneficiaries throughout the period under study. There is, however, some degree of mobility
within the distribution over time. For example, federal states belonging to the former GDR
regions received the lowest initial gross transfers per hectare, but due to shifts in the agricultural output mix they caught up and forged ahead of others. Nevertheless, the dispersion of
this variable has increased, indicating that direct area and headage payments do not smooth
the interregional disparities.
Finally, the limitations of this analysis must be stressed. As the paper reports ex post the intertemporal and interregional impacts of the changing CAP on gross transfers, the implications for farmers’ revenue or income remain hidden. Besides, it offers little in the way of assessing the recent CAP reforms in 2003, with the introduction of a single payment scheme
based on historical reference. To account for these issues is far beyond the scope of this article
and would be interesting subjects for future research.
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