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Abstract

Under the EU Common Agriculture Policy, only 11 of 19 

sugar beet producing EU Member States provide coupled 

direct payments for sugar beet. This paper analyses the 

market effects of this uneven implementation of an agri-

cultural policy instrument along the sugar supply chain, 

focusing in particular on changes in sugar production in 

individual EU Member States. In addition to previous lit-

erature, the effects on the production of competing crops 

to sugar beet are also presented. Moreover, the effects 

of coupled support are investigated under two different 

yield levels to account for yield uncertainties arising from 

an application ban on certain insecticides that came into 

force in the EU in 2018. The simulation was carried out 

using the partial equilibrium model AGMEMOD. Results 

suggest that the market- distorting effect of coupled sup-

port for sugar beet remains limited and tends to be higher 

under an optimistic yield development. Assuming un-

changed yield growth, the simulated increase in sugar pro-

duction of EU countries providing coupled support totals 

258,000 tonnes of sugar (+5.7%), while sugar production in 

EU countries without coupled payments declines by only 

21,000 tonnes (−0.2%) resulting in an overall increase in 

EU sugar production of 236,000 tonnes (+1.3%). Despite 

these rather limited market- distorting effects, provid-

ing coupled support to sugar beet cannot be supported 
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1 |  INTRODUCTION

The European Union's Common Agricultural Policy (CAP) is subject to a systematic reform 
process. Between 1992 and 2012, income support for farmers was gradually decoupled from 
production. In a first step, direct price support measures were abolished. Instead, farmers 
received coupled direct payments still linked to the production level of a specific crop. Later, 
these coupled direct payments were converted into decoupled direct payments, granted inde-
pendently of the production level of a specific crop (Matthews, 2018; World Bank, 2018). By the 
end of this reform period the share of coupled direct payments in the total EU budget for direct 
payments had been reduced to only 7% (Matthews, 2015). However, as part of the last major 
CAP reform in 2013 and in contrast to previous reforms, the EU Commission has recently ex-
panded the legal scope for the provision of coupled direct payments. This applies to both the 
maximum share of coupled direct payments in the total budget for direct payments as well as 
to the list of products eligible for coupled support (Matthews, 2018). Since 2015, coupled direct 
payments can also be granted for sugar beet to give EU Member States (EU- MS) the opportu-
nity to support sugar beet growers following the abolition of the quota system. Under the CAP 
financial period 2014– 2020, 11 EU- MS decided to provide coupled support to their sugar beet 
sector. Per hectare payment rates range from €67 in Finland to €630 in Romania (EC, 2017a). 
Thus, rates per hectare differ considerably among EU- MS, raising the question as to what 
extent these payments lead to market distortion within the EU, as coupled support payments 
for sugar beet are likely to result in: (1) a regional shift of sugar beet production to those EU- 
MS granting high per hectare premiums for sugar beet, and (2) a shift in cropping patterns at 
EU- MS level from crops not benefiting from coupled payments to sugar beet (EC, 2019c; Smit 
et al., 2017). Apart from these market distorting effects within the EU, coupled payments for 
sugar beet may also increase the competitiveness of the EU sugar sector on the international 
market with potentially adverse effect on third countries, in particular developing countries. 
Against this background this paper aims to analyse the market distorting effects of EU cou-
pled support for sugar beet, focusing mainly on the market distortions within the EU; the ef-
fects of coupled support to EU sugar beet production at the international level are not analysed 
in detail. In addition to previous literature, the effects on the production of competing crops 
to sugar beet are also presented. Moreover, the analysis investigates the effects of coupled sup-
port to sugar beet under two different assumptions regarding the future development of EU 
sugar beet yield to account for yield uncertainties arising from an application ban on certain 
insecticides that came into force in the EU in 2018. In particular, the paper addresses the fol-
lowing questions: (i) How do coupled direct payments for sugar beet affect sugar production 
and sugar prices at EU- MS level? (ii) How do coupled direct payments for sugar beet affect the 
production of competing products? (iii) What is the overall effect on the aggregated EU level 
and on EU net trade? In order to answer these questions, the paper is structured as follows. 

from an economic point of view because it contradicts the 

objective of a stronger market- orientation of EU agricul-

tural production.
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Section 2 gives a brief overview of coupled direct payments under the CAP. Section 3 briefly 
outlines the effects of coupled direct payments for sugar beet that can be expected on the basis 
of economic theory, summarises the main findings of previous studies and identifies literature 
gaps. Section 4 constitutes the main body of this paper and provides the quantitative analysis 
of the market effect of coupled direct payments for sugar beet. The paper ends with a summary 
of the main findings and critical discussion of the results and the methodology applied.

2 |  COU PLED SU PPORT U N DER TH E CAP

Starting with the MacSharry reform in 1992, the EU Commission has initiated a fundamental 
reform process of the CAP towards a stronger market orientation of agricultural production, 
which was subsequently pursued with the Agenda 2000, the Fischler Reform of 2003 and the 
Health Check decisions of 2008. As part of the reform measures, direct market support instru-
ments (intervention prices, export refunds, etc.) were gradually abolished for most agricultural 
products. To compensate producers for income losses, farmers were initially supported by 
product specific compensatory payments, later called ‘direct payments’, which were gradually 
decoupled from production from 2005 onwards (Matthews, 2018). By the end of the implemen-
tation period of the Health Check decisions (2008– 2012), the share of coupled direct payments 
in the total EU budget for direct payments had been reduced to only 7% (Matthews, 2015). At 
national level, the share of coupled direct payments (so- called ‘special support’) was limited 
to a maximum of 10% of the national annual budget for direct payments— so- called ‘national 
ceilings’ (REG (EC) No 73/2009, Art. 69(1)). In particular, coupled direct payments were tar-
geted at supporting production in the dairy and beef sectors, as the budget available to support 
other sectors was capped at a maximum of 3.5% of the annual national ceiling (REG (EC) No 
73/2009, Art. 69(5)).

However, as part of the 2013 CAP reform, the EU Commission altered the legal framework 
and relaxed the conditions for coupled support. This applies to both the maximum share of 
coupled direct payments in the total budget for direct payments as well as to the list of products 
eligible for coupled support.

In principle, the current direct payments regulation (REG (EU) No. 1307/2013), limits the 
share of coupled direct payments (so- called ‘voluntary coupled support’, VCS) to a maximum 
of 8% of the annual national ceiling, but there are a number of exceptions. First, under certain 
conditions, EU- MS are allowed to increase their budget for the VCS scheme to 13% of the na-
tional ceiling (Art. 53(2)) and, after approval by the EU Commission, even further (Art. 53(4)). 
Second, there is a general derogation which allows EU- MS to allocate up to €3 million per year 
to the VCS scheme, irrespective of whether this exceeds the maximum percentage of voluntary 
coupled support in the national ceiling for direct payments (Art. 53(5)). Finally, the protein 
crop sector has an exceptional role in the current VCS scheme. If EU- MS use at least 2% of 
their annual national VCS budget to support the production of protein crops, they are allowed 
to increase the maximum percentage of voluntary coupled support in the national ceiling for 
direct payments by 2 percentage points (Art. 53(3)).

Moreover, since the 2013 CAP reform, a larger number of sectors can be supported by VCS 
payments. Whereas in the previous financing period of the CAP only the dairy, beef and veal, 
sheep-  and goat- meat, as well as the rice sector, were eligible for VCS payments (REG (EC) 
No 73/2009, Art. 68(1b)), in the current regulation the list has been extended to 19 crop sectors, 
but the list of livestock sectors eligible for VCS payments remains unchanged (REG (EU) No 
1307/2013, Art. 52(2)). In particular, the sugar beet was added to the list to give EU- MS the 
opportunity to support their sugar sector following the abolition of the quota system.

In principle, under the current regulation VCS payments may only be granted to agricultural 
sectors that undergo certain difficulties and those sectors that are of particular importance 
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due to economic, social or environmental reasons (Art. 52(3)). Also, the VCS scheme was origi-
nally designed as a production- limiting scheme to ensure that coupled direct payments comply 
with the rules of the World Trade Organization (WTO), as production- limiting schemes are 
classified as WTO blue box measures. Therefore, the initial text of Article 5 of regulation (EU) 
No 1307/2013 explicitly mentions that VCS payments are not intended to provide an incentive 
to increase production, but only to maintain the current level of production. Thus, VCS pay-
ments were initially only granted within defined quantitative limits based on fixed areas and 
yields or on a fixed number of animals (Art. 51(5f.)). However, in 2018 these quantitative limits 
were removed from the regulation in order to reflect the current practice since 1 January 2015 
(REG (EU) No 2017/2393) (Matthews, 2018).

With respect to sugar beet, so far 11 out of 19 sugar beet producing EU- MS have decided 
to provide coupled support to beet growers. In 2017, about 486,000 hectares were supported 
by VCS payments accounting for roughly 30% in the total EU sugar beet area harvested (EC, 
2019c, 2019d). On average EU- MS decided to allocate 10% of their national ceiling to the VCS 
scheme and used 4% of the VCS budget to support their sugar beet sector (EC, 2017b). In par-
ticular smaller sugar beet producing EU- MS located in the eastern and southern part of the 
EU decided to provide coupled support for sugar beet. Moreover, in these countries the per-
centage of VCS in the national ceiling for direct payments ranges between 8% and 16%, clearly 
exceeding the EU average of 4%. In contrast, beet growers in most large sugar beet producing 
EU- MS— that is, France, Germany, the United Kingdom, the Netherlands and Belgium— do 
not receive VCS payments and Germany even decided completely against supporting its agri-
cultural sector by VCS payments. However, Poland, the EU’s third largest sugar beet produc-
ing country, provides coupled support for sugar beet, accounting alone for almost 50% of the 
subsidised sugar beet area in the EU.

Table 1 shows the amount of aid paid per hectare (so called ‘premiums’) in the 11 EU- MS 
currently providing coupled support for sugar beet. In the table, premiums are calculated by 
dividing the available budget for 2020 by the quantitative hectare limit that was initially in 
place. As the sugar beet area harvested in a specific year usually differs from the quantita-
tive hectare limit, premiums actually paid may differ from the calculated premiums given in 
Table 1 (EC, 2019c). Furthermore, premiums per tonne of beet or tonne of sugar are sensitive 
to the beet yield and sugar content in the respective year. In the table, average yields for the 
period 2014– 2016 are applied.

The average EU premium granted for sugar beet equals €331 per hectare, which corre-
sponds to a payment of about €5 per tonne of beet and a payment of about €30 per tonne of 
sugar. However, as Table 1 indicates, there are large differences among EU- MS regarding the 
amount of aid per hectare. Romania grants by far the highest rate of VCS, followed by Greece 
and Spain, but also in Slovakia, Hungary and Poland beet growers receive above EU average 
per hectare premiums. For most countries, this is also the case, if compared on a per tonne 
of sugar basis. The only exception is Spain, where comparatively high beet yields result in a 
below- average premium per tonne of sugar, despite above- average premiums per hectare.

3 |  ECONOM IC TH EORY A N D LITERATU RE REVIEW

From economic theory the effects of coupled subsidies are well known. Figure 1 illustrates 
the effects of VCS payments on prices as well as supply and demand compared to a market 
situation without any policy intervention. For the sake of simplicity, the figure assumes a two- 
country model and ignores the existence of competing crops. In the initial situation without 
any policy intervention— shown in blue— the quantity q0 

T is traded between the two countries 
at the market price p0 

M. The introduction of VCS payments— shown in red— in one of the 
two countries (hereafter called ‘VCS- MS’) results in a downward shift of the supply function 
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(S0 ➙SVCS) as VCS payments can be considered as direct subsidies reducing the marginal cost 
of production. Supply in the VCS- MS increases and import demand declines (ID0➙IDVCS). 
In the new market equilibrium, a lower quantity is traded (q0 

T➙qVCS
T) and the market price 

falls from p0 
M to pVCS

M. However, in the VCS- MS the coupled payment more than offsets the 

TA B L E  1  Voluntary coupled support (VCS) for sugar beet by Member State

MS

VCS 2020
Quantitative 
limitb Premium Yieldc Premium

Sugar
contentc Premium

€m
Share 
%a 1,000 ha €/ha t/ha €/t beet % €/t sugar

RO 19 8 29 645 41 16 17 91

GR 7 4 13 500 58 9 14 60

ES 14 2 33 445 95 5 17 27

SK 7 12 20 351 65 5 16 34

HU 8 4 20 374 66 6 16 36

PL 74 15 211 352 62 6 18 32

CZ 17 13 62 267 66 4 17 23

IT 16 4 62 262 64 4 15 27

HR 4 10 23 157 65 2 15 16

LT 2 2 19 86 57 1 18 8

FId 1 1 15 67 39 2 17 10

EU−28 168 4 509 331 66 5 17 30

aShare of VCS for sugar beet in national ceiling for VCS.
bAbolished in 2018.
c Avg. 2014– 16, EU- 28 yield represents average of MS granting VCS weighted by production quantities. 
dFinland additionally grants a hectare premium of €350/ha financed from national funds.

Source: EC (2017a, 2019d), Maier et al. (2018), REG (EU) No. 2017/1272.

F I G U R E  1  Price and quantity effects of VCS payments (reference situation: unregulated market). Source: Own 
figure [Colour figure can be viewed at wileyonlinelibrary.com]

VCS

VCS-MS EU market Non-VCS-MS

S: supply q: quantity
D: demand VCS: voluntary coupled support payment
ES: export supply T: trade
ID: import demand M: market
p: price P: producer

www.wileyonlinelibrary.com
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decline in the market price, that is, the producer price including VCS payments rises from p0 
M 

to pVCS
P. In the other EU- MS, where no VCS scheme is implemented (hereafter called ‘non- 

VCS- MS’), the drop in the market price results in a decline in production.
However, the implementation of VCS schemes for sugar beet does not only affect the level 

playing field among countries, it also changes the competitive position of sugar beet relative 
to other crops (Dwivedi, 2012; Gandolfo, 2013; Hill, 2014). While the producer price for sugar 
beet increases in the VCS- MS, the sugar beet price falls in the non- VCS- MS. Thus, ceteris pa-
ribus, producers in VCS- MS will increase sugar beet production at the expense of other crops, 
while producers in non- VCS- MS are expected to reduce sugar beet production and expand the 
production of other crops.

In conclusion, from economic theory the following effects of the VCS payments for sugar 
beet can be summarised:

• In countries where VCS payments for sugar beet are introduced, production costs of sugar 
beet decline leading to an increase in sugar beet production at the expense of competing 
crops and a decline in the market price of sugar beet, while the producer price (incl. VCS) of 
sugar beet as well as the demand for sugar beet increases.

• In countries where beet growers do not receive coupled support for sugar beet, the decline 
in the market price results in a reduction of sugar beet production and an increase in the 
production of competing crops.

At the processing stage of the supply chain similar effects can be expected as sugar beets are 
grown almost exclusively under contracts with regionally based and often grower- owned sugar 
processing companies.

Moreover, changes in relative market prices caused by the introduction of VCS payments for 
sugar beet affect the market of competing products at the processing stage, such as isoglucose.1 
While changes in the price for corn and wheat directly result in higher or lower production 
costs of isoglucose, changes in the price ratio between sugar and isoglucose affect the demand 
behaviour of consumers. Due to space constraints, this is not discussed in detail here. However, 
the implicit market effects on the isoglucose sector are described in the quantitative analysis in 
Section 4.4.

Over time, an extensive literature has developed on the effect of decoupling, reducing or 
even abolishing direct payments in the EU (Binfield et al., 2003; Boulanger & Philippidis, 2015; 
Erjavec et al., 2011; Uthes et al., 2011; Weinmann et al., 2006). However, there is a lack of recent 
studies quantitatively examining the effects of re- coupling EU direct payments introduced by 
the 2013 CAP reform. The EU Commission impact assessment of its legislative proposal for 
the CAP post- 2020 reports the supply effect of removing VCS payments currently in place for 
dairy, beef and sugar beet. However, results are only presented at the aggregated EU level. 
According to the simulation, carried out using the CAPRI model, removing VCS for sugar beet 
leads to an overall decline in EU beet production of 2.8% resulting in a 3.9% increase of the EU 
sugar beet price. The reduction in the beet area harvested is simulated to be even larger than 
the decline in production (−4.9%), as beet production shifts to more competitive regions, lead-
ing to an increase in the average EU beet yield of 2.2% (EC, 2019b). A second CAPRI- based 
analysis, published in 2015, reports results not only for the EU in total, but also for selected 
EU- MS (Offermann et al., 2015). The scenario investigated in the study of Offermann et al., 
(2015) assumes the abolition of VCS payments in all sectors, which results in a decline in EU 
sugar beet production of 0.9%, with effects on beet production at MS- level varying between 
+0.7% (France) and −7.1% (Poland). Given the overall decline in EU production the EU sugar 

 1Isoglucose (which is also widely referred to as high fructose corn syrup, HFCS) is a liquid sweetener produced from wheat or corn 
starch.
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price is simulated to increase by 0.8%. However, to the best of the authors’ knowledge, so far 
only the study of Smit et al., (2017) analyses the effects of VCS payments for sugar beet in de-
tail for all sugar beet producing EU- MS. According to the results, which were simulated by 
applying an Equilibrium Displacement Model (EDM) approach, VCS payments lead to an in-
crease in sugar beet production in particular in Poland (+1.2 mill. t). In other EU- MS with VCS 
payments for sugar beet in place, the increase in production remains rather limited in absolute 
terms, despite relatively high payment rates per hectare granted in some EU- MS. This can be 
explained by the fact that these countries, unlike Poland, only account for a small share of EU 
sugar beet production. Similarly, when looking at the absolute effects in non- VCS- MS, sugar 
beet production declines most strongly in the large sugar beet producing countries, namely in 
France (0.25 mill. t), Germany (0.184 mill. t) and the Netherlands (0.074 mill. t). However, in 
relative terms, the decline in sugar beet production in these countries is less than 1%. Also, the 
decline in sugar beet prices does not exceed 5.5%.

A closer look to the study of Smit et al., (2017), however, reveals a number of gaps and short-
comings. First, the study exclusively focuses on the effects on the sugar beet sector, neglecting 
the price, volume and revenue effects at the sugar processing stage and for competing crops as 
well as the interactions between the different crop sectors. Second, the EDM model was cali-
brated to 2016/17 base year data, that is, the last marketing year, where the EU quota system 
was still in place. However, as during the quota- period market price did not reflect marginal 
cost of production, supply functions were calibrated to expected sugar beet prices for 2017— 
that is, the first year of quota abolition— ranging between €26 and €56 per tonne including 
VCS payments. While the study clearly discloses the data used to calibrate the supply func-
tions, the approach of how exactly sugar beet prices were estimated remains unclear.

4 |  MODELLING TH E EFFECT OF COU PLED SU PPORT 
FOR SUGAR BEET

This section provides a quantitative analysis of the market effect of coupled direct payments 
for sugar beet based on the partial equilibrium model AGMEMOD (Agricultural Member 
State Modelling). Before presenting results, the model approach as well as the scenarios simu-
lated are briefly described.

4.1 | Method

AGMEMOD is a recursive dynamic partial equilibrium model for the agricultural sector of 
the EU. A detailed model description can be found in Chantreuil et al., (2012). In addition 
to the EU- MS, Russia, Ukraine and Turkey are also represented in the model as individual 
countries, whereas all other regions of the world are grouped in one ‘Rest of the World’ 
aggregate. In recent years, the AGMEMOD model has been intensively used to generate 
medium- term baseline projections for key agricultural markets at EU- MS level (Haß et al., 
2020; Offermann et al., 2018; Salputra et al., 2017). In particular, AGMEMOD has been used 
to break down the baseline projections of the Aglink- Cosimo model, which only includes 
two country aggregates for the EU, to the individual EU- MS level. Thus, baseline results 
of both models are closely aligned and projections are based on the same macroeconomic 
assumptions (EC, 2017a, 2018a, 2019b). In addition, AGMEMOD has also been applied for 
policy- impact assessment, in particular for the analysis of different direct payments schemes 
and changes in the CAP budget for direct payments (Chantreuil et al., 2012; Erjavec et al., 
2011; Salputra et al., 2011). The model version used for this analysis covers 32 crop and 21 
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livestock products (primary and processed). For each sector and country, the model endoge-
nously determines on a yearly basis market prices, production, consumption, stocks, exports 
and imports. Market equilibrium for individual commodities is determined by defining 
one position of the market balance as a model- closure variable. In the sugar and isoglucose 
market, exports or imports are chosen as the model- closure variable, whereas in the sugar 
beet market, consumption represents the closing variable. Because AGMEMOD is a partial 
equilibrium model, certain variables are assumed to be exogenous. Exogenous variables in 
AGMEMOD are in particular macroeconomic variables (GDP, inflation rate, population, 
exchange rates, etc.) and policy variables (subsidies, tariff rates, tariff rate quotas, etc.). The 
values of endogenous variables are determined by behavioural equations whose intercepts 
and coefficients are estimated by econometric methods, that is, using linear ordinary least 
squares (OLS) regression. However, the equation system of AGMEMOD also comprises be-
havioural equations, where a given functional form is specified and the intercept is cali-
brated to an observed base year using literature- based elasticities. Calibrated equations are 
applied in particular due to data constraints, that is, if the quality of the data and length of 
the data series required for the estimation proves to be insufficient (Chantreuil et al., 2012; 
Erjavec et al., 2011). By applying flexible functional forms, AGMEMOD captures region and 
product specificities to a large degree. Moreover, most model functions used in simulation 
are rooted in observed behaviour as they are directly estimated from the model database and 
regularly updated. However, the functional forms are not necessarily consistent with profit 
and utility maximization behaviour of producers and consumers and the resulting required 
microeconomic restriction, such as homogeneity of degree zero in prices, symmetry and 
correct curvature. Consequently, AGMEMOD does not allow for the calculation of welfare 
changes of producers and consumers.

As long as the EU sugar market was regulated by a quota system, the sugar and sugar beet 
sector in AGMEMOD was modelled by a simplified approach, where production quantities 
were fixed to the quota level. However, the abolition of the quota system in 2017 required a 
complete revision of this approach. Modelling supply behaviour of EU sugar processors and 
beet growers in the post- quota period poses methodological challenges, as with binding pro-
duction quotas in place historically observed market prices incorporate the quota rent and do 
thus not represent marginal cost of production. Therefore, either information on the size of 
the quota rent or empirical data on production costs is needed to properly calibrate the supply 
functions of the model (Frandsen et al., 2003; Gohin & Bureau, 2006; Jensen & Pohl Nielsen, 
2004; Jongeneel & Tonini, 2009). In this paper we opt for the second approach and calibrate 
the sugar supply function of AGMEMOD to per unit production costs of sugar endogenously 
calculated within the model.

Equation (1) shows the applied functional form for sugar (su) supply SPRsu.2 The first part 
of the equation limits sugar supply to the existing processing capacity available for sugar pro-
duction. This capacity is calculated as the daily sugar beet (st) slicing capacity bscst multiplied 
by the maximum length of the sugar processing campaign locst corrected for the quantity of 
sugar beet processed into ethanol (UODst). Multiplying by the sugar extraction rate XTRsu 
converts the available processing capacity from beet quantity into white sugar equivalent. The 
second part of the equation determines the level of sugar supply. Sugar processors react to the 
processing margin, that is, the producer price of sugar PS less processing cost CPOsu plus by- 
product values of sugar processing BPVsu (beet pulp, molasses). This formulation of the supply 
function ensures that sugar processors will cease production, if the market price of sugar falls 
below the net processing costs (CPOsu –  BPVsu). All values are expressed in real value terms, 
that is, deflated by the GDP deflator gdpd. The parameter ε determines how sensitive sugar 
processors react to changes in the processing margin. Finally, the sugar supply function is 

 2Please note that endogenous variables are written in capital letters, exogenous variables in lowercase letters.
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shifted by the quantity of sugar beet processed into ethanol expressed in white sugar equiva-
lent. Thus, an increase (decrease) in the use of sugar beet for ethanol effectively reduces (in-
creases) the quantity of sugar beet available for processing into sugar, resulting in a decline 
(increase) in sugar production.

4.1.1 | Supply function

As already mentioned above, calibrating the supply function to market prices observed 
during the quota period would lead to a misspecification of the position of the supply curve 
as these market prices do not represent marginal cost of production. Therefore, the intercept 
parameter α is not derived based on observed market prices PFNsu. Instead, the supply func-
tion is calibrated to given base quantities based on average production cost per tonne of sugar 
(PFEsu) endogenously determined within the model:

4.1.2 | Calibration of supply function

Thus, Equation (2) implies that a given base quantity— indicated by an overline (‾) and a 
zero suffix (_0)— can be produced at production cost of PFEsu. As the supply function itself 
reacts to the sugar market price PFNsu, supply of sugar will equal the base quantity, if PFNsu 
= PFEsu, whereas sugar production will start to decline (increase) compared to the production 
level of the base year spr_0

su
, if the market price falls below (exceeds) the average per unit pro-

duction costs.
The base quantity used for calibrating the supply function is the average of the sugar mar-

keting years 2010/11 to 2012/13 (see Table A1 in the Appendix S1). This base year was cho-
sen mainly because of data availability with respect to certain variables not modelled time 
depended, as for example fixed cost components needed to derive per unit production costs 
PFEsu. However, all cost components entering the model as constant parameters have been ad-
justed compared to the actual average cost in 2010/11 to 2012/13, to take into account that sugar 
processors have optimised the length of the beet processing campaign following the abolition 
of the quota system and factories are thus operating closer to their capacity limit. Moreover, 
important cost components are modelled dependent on input prices, such as energy costs that 
are a function of the crude oil price. Furthermore, under the quota system production quanti-
ties were rather stable, in particular because in 2006 EU sugar exports to third countries were 
limited to 1.4 million tonnes by the WTO. The effect of changing the base year can therefore 
be expected to be limited. Moreover, calibrating the supply function to a higher or lower base 
quantity mainly affects the supply level projected over the simulation period, which is not the 
focus of this analysis, as the paper aims to quantify the effects of VCS payments, that is, the 
relative and absolute differences between scenarios.

(1)

SPRsu = Min

{

(

bscst ∗ locst − UODst

)

∗ XTRsu, Max

{

0, �su ∗

(

PFNsu + BPVsu −CPOsu

gdpd

)εsu

− UODst ∗ XTRsu

}}

(2)�su =
(

spr_0su +
(

uod_0st
)

∗ xtr_0su
)

∗

(

PFEsu + BPVsu −CPOsu

gdpd

)(−εsu)
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Production costs per tonne of sugar are influenced by a number of factors as for example 
beet prices, which are in turn affected by the prices of competing crops, as well as energy prices 
and the prices of by- products. As a result, changes in these variables shift the supply curve of 
sugar. The intercept parameter α is therefore recalculated each year based on the prevailing 
market price environment. Thus, the intercept parameter α implicitly accounts for effects on 
the supply of sugar other than the direct effect of the sugar market price.

Domestic prices of sugar are modelled by a linear function depending on a representative 
price PFNsu,FR (price of France), the respective domestic self- sufficiency rate 

(

SPRsu

UDCsu

)

 and the 
domestic market price of the previous year PFNsu,t−1. The intercept parameter �su as wells as all 
β- coefficients are estimated by linear ordinary least squares regression:

4.1.3 | Sugar price

Production costs PFEsu are calculated following the approach of LMC (2013), that is, total 
production costs per tonne of sugar are the sum of raw material cost SCFsu and processing cost 
CPOsu less by- product value BPVsu:

4.1.4 | Production costs

The total by- product value per tonne of sugar BPVsu is calculated as the sum of by- product 
credits from beet pulp and molasses, with the by- product values for beet pulp and molasses 
being calculated by multiplying the respective by- product price by the respective by- product 
yield. Processing costs per tonne of sugar CPOsu are the sum of fixed costs, variable costs and 
administration costs, with variable costs depending on the price of crude oil. Raw material 
costs of sugar production SCFsu are equivalent to the sugar beet price PFNst paid by sugar 
processors multiplied by the sugar extraction rate XTRsu (Equation 6).

Sugar beet prices are calculated according to Equation (5). The equation reflects the fact 
that after the abolition of the quota system and minimum prices for sugar beet, sugar pro-
ducers are aiming to increase competitiveness by reducing beet costs to the lowest level pos-
sible, while at the same time they have to ensure that farmers include sugar beet in their crop 
rotation. Therefore, beet prices paid by sugar processors need to ensure that sugar beets 
achieve the same gross margin as the most competitive alternative crop. Thus, Equation 
(5) determines in a first step the maximum alternative gross margin EGGws/co/rs of the com-
peting crops wheat (ws), corn (co) or rapeseed (rs). In addition to that gross margin the beet 
price paid by sugar processors also has to cover the costs for growing sugar beet GCOst 
corrected for the amount of voluntary coupled support VCSst. The whole term is divided 
by the expected beet yield YHTst to obtain the beet price that yields the same gross margin 
as the most competitive alternative crop. Finally, as beet growers are usually compensated 
by sugar processors for the cost of beet haulage and a lower sugar content at the end of the 
sugar processing campaign, cost of transporting beets to the factory bghst and a late delivery 
premium ldpst are added.

(3)PFNsu = �su + β1
su
∗ PFNsu,FR − β2

su
∗

(

SPRsu

UDCsu

)

± β3
su
∗ PFNsu,t−1

(4)PFEsu = SCFsu + CPOsu − BPVsu
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4.1.5 | Beet price

4.1.6 | Sugar equivalent beet costs

As Equation (5) shows, VCS payments enter the model as a per hectare premium. The 
amount of the applied premium is calculated by dividing the available budget by the sugar 
beet area harvested in the previous year. Hence, premiums per hectare may be higher or 
lower compared to the premiums listed in Table 1, as these premiums are calculated based 
on the available budget and the hectare limit that was initially in place. To avoid unreal-
istic high hectare premiums in countries, where production declines substantially over the 
projection period, the applied hectare premium is limited to the maximum premium paid 
between 2015 and 2017, reported in EC (2019c). From Equations (5) and (6) it also becomes 
obvious that with VCS payments in place sugar beets remain competitive in the crop ro-
tation at a lower beet price as the VCS payment reduces the raw material costs of sugar 
processors. Consequently, the sugar supply function in VCS- MS shifts downwards, that 
is, the supply response induced by VCS payments is modelled in AGMEMOD at the sugar 
processing stage of the supply chain. To ensure a consistent development between sugar and 
sugar beet, beet quantities are derived from sugar production. This reflects the fact that 
sugar beets are produced domestically near to the sugar factory and rarely traded, that is, 
a higher demand of sugar processors for sugar beet can only be met by expanding domestic 
sugar beet production.

4.2 | Data

The modelling approach for the sugar market requires a comprehensive database as not only 
consistent market balances for sugar beet and sugar are needed, but also data on growing 
costs, processing costs, by- product prices and so on. In particular, data on prices and costs are 
scarce. The parameters required for the calculation of production costs are mainly based on 
LMC (2013). Market balances for sugar are taken from F.O. Licht (2018) supplemented by na-
tional statistics and FAO data (Agreste, 2019; Croatian Bureau of Statistics, 2018; FAOSTAT, 
2018; SI- STAT, 2018). As prices of sugar are not published at national level due to the high 
market concentration in the sugar sector, EU import or export unit values for the marketing 
year (October– September) have been calculated from Eurostat (2019b)3 intra- EU trade flows 
as a proxy for domestic prices. Also sugar beet prices, import and export quantities of sugar 
beet as well as the sugar beet area harvested were extracted from the Eurostat database 
(Eurostat, 2018, 2019a, 2019b). To ensure consistency between the market balance for sugar 
beet and refined sugar, sugar beet production is calculated in the AGMEMOD database as a 
derived variable describing the quantity of sugar beet required for the production of refined 
sugar and other uses (feed, bioethanol) plus net imports. Extraction rates and processing ca-
pacities are based on CEFS (2017). Supply elasticities applied to calibrate the supply function 

(5)PFNst =
(

Max
{

EGGws , EGGco , EGGrs

}

+GCOst −VSCst

)

∗ YHTst
−1 + bghst + ldpst

(6)SCFsu = PFNst ∗ XTRsu
−1

 3For some large producing countries export unit values have been used.
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at EU- MS level range between 0.11 and 0.90.4 Most supply elasticities are taken from Smit 
et al., (2017). For France and Greece the supply elasticities estimated by Poonyth et al., (2000), 
which are higher compared to Smit et al., (2017), are applied to reflect the strong supply re-
sponse in these two countries in the first 2 years following the abolition of the quota system. In 
addition to the modelling of the sugar sector, the AGMEMOD model has also been extended 
to the isoglucose sector. Supply behaviour of isoglucose producers is modelled in a similar way 
as in the sugar sector, that is, supply functions are calibrated to net production costs endoge-
nously calculated within the model assuming an own price elasticity of 0.12 (Tanyeri- Abur 
et al., 1993). On the demand side, cross- price elasticities are applied to model substitution be-
tween sugar and isoglucose. As data on elasticities for the EU isoglucose sector are not avail-
able, isoglucose demand functions of all EU- MS are calibrated to an own- price elasticity of 
−0.48 and cross- price elasticity of 0.27 estimated by Miao et al., (2010) and Uri (1994) for the 
United States. Isoglucose market balances and prices are derived based on production quanti-
ties published by the EU Commission and trade figures extracted from Eurostat (EC, 2019a; 
Eurostat, 2019b). The main data source for all other required parameters is again LMC (2013). 
Due to space constraints and the fact that the interlinkages of the sugar and isoglucose mar-
kets are not the main focus of this analysis, the approach for the modelling of the isoglucose 
sector is not explained in detail in this paper.

4.3 | Scenarios

The effects of VCS payments are investigated under two different assumptions on the future 
development of sugar beet yields to account for yield uncertainties arising from the ban on the 
use of neonicotinoids (hereafter: neonics)5 in sugar beet, which came into force in the EU in 
2018. For both yield developments, two policy scenarios are simulated to quantify the effects 
of VCS payments, resulting in a total of four scenarios.

The optimistic yield development scenario assumes yield growth of sugar beet to continue as 
observed in the past effectively ignoring potential yield losses that might occur due to the ap-
plication ban on neonics. Thus, the scenario is based on the assumption that EU- MS with high 
pest pressure put emergency authorisations for use of neonics in place, as happened in the 
past,6 until new viable alternatives to neonics or resistant sugar beet varieties are available.

The pessimistic yield development scenario assumes a drop in sugar beet yields and is based 
on the assumption that emergency authorisations for the use of neonics are no longer granted 
in the EU, while biological- technical progress cannot fully compensate for yield losses. Under 
similar conditions, yield losses of the 2020 sugar beet harvest in France have been estimated 
at 6.5% to 26.5% (EC, 2020) or— according to earlier estimates— even at 30% to 50% (Audran, 
2020). Thus, the potential yield losses due to the application ban on neonics are highly uncer-
tain, even more in the long term. In our analysis we assume a decline in sugar beet yields in 
all EU- MS of 15% in the pessimistic yield scenario compared to the optimistic development, 
which is implemented by applying a shifter to the yield function of 0.85.

The VCS scenario assumes under both yield developments the maintenance of VCS pay-
ments for sugar beet in 11 EU- MS until 2030. Thus, the total budget available for coupled 

 4It should be mentioned that the supply functions as defined in this analysis are not isoelastic. The assumed functional form of the 
supply equations implies that the function becomes more elastic at lower supply quantities.

 5Neonics are active substances used in plant protection products to control harmful insects. Before the application ban came into 
force, neonics were widely used in the EU as seed coating. However, in 2018 the EU completely banned the outdoor uses of three 
active substances (clothianidin, imidacloprid, thiamethoxam), as they are considered harmful to pollinators.

 6Since the application ban came into force, 10 EU- MS have repeatedly granted emergency authorisations for the use of neonics in 
sugar beets.
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support to sugar beet remains unchanged at the level of 2020 (see Table 1) during simulation. 
Beet growers in VCS- MS receive a fixed per hectare payment rate as long as the total amount 
of premiums does not exceed the total budget. However, in case of budget exceeding, hectare 
premiums are reduced, that is, the hectare premium is recalculated based on the total budget 
and the beet area harvested.

The VCS- ABOL scenario assumes under both yield developments the abolition of VCS 
payments for sugar beet by the end of the current CAP financial period, that is, from 2021 on-
wards. This means that the available budget for supporting the sugar beet sector is set to zero 
without any substitution, that is, the funds previously used to subsidise the sugar beet sector 
are not reallocated to other sectors.

Apart from the scenario specific assumptions described above, all scenarios are based on 
the same macroeconomic and policy assumptions. Current agricultural policies are main-
tained and already decided policy changes are implemented. However, as negotiations on the 
terms of the United Kingdom's withdrawal from the EU had not been concluded at the time of 
writing this paper, the United Kingdom is still considered a Member State of the EU. With re-
gard to the development of macroeconomic variables (GDP, inflation rate, population growth, 
exchange rates, etc.) and world market prices, a development according to the medium- term 
projection of the EU Commission is assumed (EC, 2018a; Zaitegui Perez, 2018). According 
to this projection, nominal world market prices of white sugar and crude oil are projected to 
range at a level of €363 per tonne and €76 per barrel Brent, respectively, in 2030. The exchange 
rate of the US dollar against the euro is expected to reach 1.20 by 2030. Regarding the devel-
opment of population and income, within the period of 2014– 16 to 2030 annual growth in real 
GDP per capita at the EU- MS level is assumed to be highest in Finland (2.3%) and lowest in 
Italy (1.1%).

4.4 | Results

The effect of VCS payments is calculated as the result of the VCS scenario minus the result of 
the VCS- ABOL scenario. Thus, calculated differences between the scenarios can be inter-
preted as the effects of introducing VCS payments for sugar beet.7 Results are presented for the 
end of the projection period, that is, the year 2030. First, the overall effect on the EU sweetener 
market is illustrated, followed by a detailed description of the change in sugar production at 
EU- MS level. Finally, this section also presents the effects of VCS payments for sugar beet on 
competing crops.

Section 3 already outlined the basic economic effects of VCS payments that can be expected 
according to economic theory. As a direct subsidy to sugar beet VCS payments are expected 
to increase production in VCS- MS resulting in a fall in the market price and a decline in pro-
duction in non- VCS- MS. Furthermore, consumption of sugar is likely to increase due to lower 
market price.

Table 2 shows the magnitude of these effects according to our simulation. Under the opti-
mistic yield development, the market price of sugar declines by €3.2 per tonne or 0.8%, leading 
to an increase in sugar consumption of 8,500 tonnes or 0.1%. In total, EU sugar production 
increases by 236,000 tonnes or 1.3%, that is, the aggregated increase in sugar production of 
VCS- MS more than offsets the aggregated decline in sugar production in non- VCS- MS. Under 
the pessimistic yield scenario, the resulting effects of VCS payments are slightly lower, both in 

 7AGMEMOD does not consider adjustment behaviour of producers triggered by the introduction of VCS payments, for example, 
strategic investment decisions or the strategic decision to operate a factory until assets are fully depreciated. Under this 
assumption there is no difference in the size of the effect of an introduction or abolition of coupled direct payments for sugar beet 
and symmetric effect can be assumed.
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relative as well as in absolute terms. Overall, production declines compared to the optimistic 
yield development as with lower sugar beet yields sugar processors have to pay a higher beet 
price to ensure that sugar beets remain competitive in the crop rotation leading to an increase 
in beet costs. Also, the sugar beet area needs to be expanded to source enough sugar beet. 
Moreover, model results under both yield developments reveal that providing coupled support 
for sugar beet has a negative effect on the average yield level in the EU. This can be explained 
by the fact that VCS payments are granted mainly in less competitive countries with below- 
average yields. Thus, providing coupled support for sugar beet hampers the reallocation of 
sugar production to the most efficient regions of the EU following the abolition of the quota 
system by maintaining or even increasing the production level in less competitive regions.

In addition, the simulation results also reveal that the isoglucose sector is negatively af-
fected by VCS payments for sugar beet. The effects are most pronounced with respect to 
consumption. Given the decline in the market price of sugar, more sugar and less isoglucose 
is consumed within the EU, that is, consumers substitute isoglucose by sugar. This results 
mainly in lower imports of isoglucose, while isoglucose production and also the market price 
of isoglucose decline only marginally.

Moreover, results suggest that third countries are negatively affected by VCS for sugar beet 
as EU net exports of sugar increase. Although the relative change in net exports appears to be 
large, an increase of 206,000 to 228,000 tonnes in EU net exports is unlikely to be large enough 
to substantially reduce the world market price of sugar, as more than 20 million tonnes of 
white sugar and 35 million tonnes of raw sugar are traded annually on the global sugar market 
(USDA, 2019). Thus, the relative change in the global trade volume resulting from EU VCS 
support for sugar beet is only marginal and can be easily compensated by large sugar export-
ers, such as Brazil, exporting annually about 5 million tonnes of white sugar and 18 million 
tonnes of raw sugar (USDA, 2019). However, individual third countries, in particular smaller 
producers, may still lose an important outlet for their sugar sale8 as these countries might be 
displaced from the market by higher EU sugar sales.

Looking more closely at the change in sugar production at EU- MS level, Table 3 shows 
that driven by the decline in production costs VCS- MS increase sugar production, while sugar 
production in non- VCS- MS declines due to the fall in the market price. Under the optimistic 
yield development, the aggregated increase in sugar production of VCS- MS totals to 258,000 
tonnes (+5.7%), while sugar production in non- VCS- MS declines by only 21,000 tonnes (−0.2%) 
resulting in an overall increase in EU sugar production of 236,000 tonnes (+1.3%). Under the 
pessimistic yield development, the absolute as well as relative effects of VCS payments on pro-
duction are slightly lower compared to the optimistic yield development, at least at the ag-
gregated levels for VCS- MS and non- VCS- MS. This seems to be rather counterintuitive, as 
a decline in sugar beet yield inflates the coupled premium per tonne of sugar beet and sugar 
leading to a stronger absolute reduction in production costs. Thus, ceteris paribus, the effect 
of VCS on production can be expected to be larger, at least in relative terms. However, under 
the pessimistic yield development the expansion in the area harvested results in a cut of the 
per hectare premium in some VCS- MS to ensure compliance with the national ceilings on VCS 
for sugar beet. Besides Hungary, in particular the large sugar producing VCS- MS Poland, the 
Czech Republic and Spain need to cut their hectare premium compared to the optimistic yield 
development. As a consequence, the absolute changes in production costs is similar in these 
countries under both yield scenarios, while the relative change in production costs is lower 
under the pessimistic yield development due to the increase in total production costs driven by 

 8In the first 2 years following the abolition of the quota system the EU has imported sugar from on average 84 countries with 
individual import volumes ranging from 272,000 tonnes (Brazil) to only 46 kg (Sri Lanka). In particular, developing countries 
export a high share of their production to the EU market as, for example, Belize (81%), Mauritius (55%), Guyana (50%), Fiji (36%), 
and Mozambique (23%) (avg. 2017– 18, based on Eurostat (2019b), USDA (2019), converted into white sugar equivalent).
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higher sugar beet prices. Thus, the cut in the per hectare premium combined with the increase 
in total production cost explain the otherwise less significant supply response of large sugar 
producing VCS- MS under the pessimistic yield development.

Under both yield developments in absolute terms mainly Poland contributes to the increase 
in EU sugar production accounting alone for roughly 60% of the overall increase in sugar pro-
duction of the 11 VCS- MS. However, in relative terms the increase in sugar production is stron-
gest in Greece, followed by Italy, Romania and Hungary. This reflects the high VCS premiums 
per hectare granted in these countries resulting in a substantial reduction of production costs.

Compared to VCS- MS the indirect effects in non- VCS- MS are smaller. Given the increase 
in EU sugar production, market prices at EU- MS level decline between 0.3% and 0.5% in sugar 
producing countries leading to a decline in production of up to 0.2%. In absolute terms, the 
large sugar producing EU- MS, namely France, Germany and the Netherlands, are most neg-
atively affected. Together these three countries account for 85% of the total decline in sugar 
production of non- VCS- MS.

Finally, Table 4 presents the effect of VCS payments for sugar beet on competing crops. 
Overall, VCS payments for sugar beet lead to an expansion of the sugar beet area in the EU and 
reduction in the area harvested of competing crops. These effects are stronger under the pes-
simistic yield development as with lower yield more area is needed for the production of sugar 
beet. However, because in most EU- MS sugar beets account for less than 5% of the total crop 
area, effects on competing crops remain limited with relative changes in the area harvested of 
a specific crop aggregate ranging only between +0.3% and −0.1% at individual MS- level.

As Table 4 shows, providing coupled support for sugar beet results in an expansion of the 
sugar beet area in VCS- MS at the expense of competing crops, whereas in non- VCS- MS less 
area is allocated to sugar beet and more area to competing crops. In both groups of countries, 
the grain sector is most affected, followed by the oilseed sector. In VCS- MS on average about 
81% of the additional crop area required to expand sugar beet production is obtained by reduc-
ing the grain area and 16% by growing less oilseeds. In non- VCS- MS on average about 60% of 
the area no longer used for sugar beet production is allocated to grains, and 33% to oilseeds. 
However, in both groups of countries there are strong variations among countries. Finland, 
for example, expands sugar beet production almost solely at the expense of grains. Among 
the non- VCS- MS, Denmark substitutes most of its sugar beet area by oilseeds, while in the 
Netherlands the oilseed area is not being expanded at all.

5 |  CONCLUSION

One of the main objectives of the past CAP reforms was to achieve a stronger market- orientation 
of agriculture production by gradually abolishing direct market support measures. The 2013 
CAP reform reversed this process. The reform expanded the legal scope for coupled support 
by increasing the national ceilings and extending the list of products eligible for coupled sup-
port. A legislative amendment, which came into force at the beginning of 2018, further relaxed 
the legislative rules for the provision of coupled support by requiring only compliance with the 
national ceilings, but allowing the hectare limit to be exceeded. Thus, in contrast to the stated 
intention by the EU legislation, coupled direct payments may potentially give an incentive to 
increase production, rather than just maintain historical production levels. As part of the 2013 
CAP reform the sugar sector was almost completely liberalised by abolishing production quo-
tas and minimum beet prices. However, 11 EU- MS also introduced coupled direct payments 
for sugar beet. This direct support of sugar beet growing may potentially lead to market distor-
tions within the EU among sugar producing countries and negatively affect the level playing 
field among crops within a country. Moreover, coupled support to sugar beet growing may 
increase EU sugar supply with adverse effects for third country sugar producers. Against this 
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background the aim of this paper was to examine the effect of VCS payments on the EU sugar 
market, focusing in particular on the effect on sugar supply in VCS- MS and non- VCS- MS as 
well as the effects on the production of competing crops. As sugar beet yields are a key driver 
for the regional competitiveness of the sugar sector, and at the same time the future yield de-
velopment is highly uncertain due to the application ban on neonics, which came into force in 
the EU in 2018, the effects of VCS for sugar beet were investigated under an optimistic and a 
pessimistic yield development.

Results show that the implementation of VCS schemes for sugar beet leads to an overall 
increase in EU sugar production and a decline in the market price. Sugar production shifts to 
less competitive countries, where sugar beet growing is subsidised by coupled support. While 
the overall effects of VCS for sugar beet are similar under both yield developments, a decline 
in yields results in a lower level of sugar production under the pessimistic yield development, 
as the sugar sector becomes less competitive, while the sugar beet area is expanded to source 
enough sugar beet. With area expansion, some of the large sugar producing VCS- MS need to 
cut down their hectare premiums due to the budgetary constraints on coupled support. Thus, 
overall effects of VCS for sugar beet on quantities and prices are slightly lower under pessimis-
tic yield development. Among VCS- MS under both yield developments mainly Poland contrib-
utes to the increase in sugar production, whereas in relative terms the increase in production is 
most significant in countries with the highest per hectare payment rates, namely Greece, Italy, 
Romania and Hungary. However, most EU- MS granting high per hectare payments are small 
sugar producing countries. Therefore, the overall market- distorting effect of VCS remains lim-
ited. The decline in sugar production in non- VCS- MS does not exceed 0.3% at EU- MS level. 
Moreover, the effects of coupled support for sugar beet on competing crops remains limited, 
that is, the relative change in the area harvested of competing crops ranges only between +0.3% 
and −0.1%. The main reason for the limited effects on competing crops is that in VCS- MS 
sugar beet account only for a small share in the total crop area.

However, even though the increase in total EU net exports is only 206,000 to 228,000 tonnes 
of sugar, smaller third country sugar producers may be negatively affected by EU VCS support 
for sugar beet, as with the increase in EU net exports, producers in third countries are likely to 
lose an important outlet for their sugar sales.

In general, the results of this paper confirm the findings of previous studies. Results at EU- 
MS level are in a similar range compared to Smit et al., (2017), who used an EDM model to 
simulate the market effects of coupled support for sugar beet. At aggregated EU level the rela-
tive increase in EU sugar beet production under the optimistic yield development of 1.3% even 
exactly matches the results presented in this paper. Also the relative supply effects at MS level 
reported in the CAPRI- based study of Offermann et al., (2015) are in a similar range compared 
to the results presented here, except for Italy and Romania, where our results suggest a stron-
ger effect of VCS payments on supply. Comparing the effect on prices, results of CAPRI show a 
3.9% decline in the sugar beet price and a 0.8% decrease in the price of sugar, which is very close 
to our findings, while in the study of Smit et al., (2017) VCS payments for sugar beet induce 
a stronger drop in the EU beet price of 4.5%. However, overall, all three models show similar 
effects on beet production and prices, despite different approaches to the model supply be-
haviour of producers. In direct comparison, the supply response of producers in AGMEMOD 
seems to be less elastic compared to the version of CAPRI applied in the impact assessment on 
the CAP post- 2020 of the EU Commission— as a similar reduction in prices results in a smaller 
decline in beet production— but more elastic compared to the EDM model— as a similar in-
crease in production leads to a smaller price decrease. In AGMEMOD the supply response is 
largely driven by the assumed supply elasticities. Changing these assumptions would affect the 
model outcome as any other change in the model parametrisation. Thus, a sensitivity analysis 
was performed based on the optimistic yield scenario assuming 50% higher supply elasticities 
in all EU- MS in order to test the robustness of the results with respect to the supply response. 
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The detailed results are presented in the Appendix S1 (Tables A2 to A4). Overall, as can be 
expected, the price and quantity effects resulting from VCS payments for sugar beet tend to 
be higher with more elastic supply functions, however, the general conclusions that can be 
drawn from the results do not change. In the sensitivity scenario, VCS payments lead to a 6.9% 
increase in total sugar production of VCS- MS (compared to 5.7% under the optimistic yield 
development), resulting in a 1.0% fall in the EU market price of sugar (compared to 0.8%) and 
a 0.3% decline in total sugar production of non- VCS- MS (compared to 0.2%).

Besides the level of the supply elasticities, both the underlying data as well as the approach 
applied to derive per unit production costs of sugar processors could have a strong influence 
on the results. In this paper the approach and data for calculating per unit production costs at 
EU- MS level is based on LMC (2013), that is, per unit production costs applied to calibrate the 
model's supply function represent average costs at country level. Using marginal costs at fac-
tory level would certainly improve the model outcome. However, more accurate data for pro-
duction costs would mainly affect the absolute level of production over the projection period, 
rather than the supply response to a change in policy. Moreover, data on production costs, in 
particular at the processing stage, is rarely available in literature and LMC (2013) already is 
one of the most reliable sources.

A further limitation of the current approach is that the AGMEMOD model applied here is 
a partial equilibrium model based on the assumptions of perfect competitive markets ignoring 
strategic behaviour and the presence of market power. However, market power might prevail 
in the sugar market, since the market is highly concentrated, at least at the sugar processing 
stage of the supply chain. Ignoring market power and strategic behaviour might lead to an un-
derestimation of the effects of coupled support, as during the consolidation process following 
the abolition of the quota system, companies might tend to close a sugar factory in countries 
where the government decided against subsidising the sugar beet sector.

Moreover, AGMEMOD allows to analyse the effects on third countries only to a limited 
extent. This is mainly because the model has a strong focus on the EU- MS, as most other 
countries are grouped to one ‘Rest of the World’ aggregate and are not modelled explicitly. 
Also, trade flows are not modelled on a bilateral basis. A more detailed analysis of the effects 
of VCS for sugar beet on third countries would therefore require a linkage to a global sugar 
market model covering also bilateral trade flows between the EU and smaller sugar producing 
countries, as for example the model applied by Nolte et al., (2012).

Nevertheless, the strength of the AGMEMOD model is that it depicts the interlinkages be-
tween different crop sectors at EU- MS level, allowing for a detailed analysis of the effects 
of VCS for sugar beet on the markets of competing crops as well as sugar substitutes on the 
demand side. Although the CAPRI model, in principle, would also allow for such an analysis, 
in the impact assessment of the EU Commission results were only published for the sugar 
beet sector of the EU- 28 and Offermann et al., (2015) present results only for selected EU- MS. 
Furthermore, compared to Smit et al., (2017) a more sophisticated approach is applied to over-
come the problem of modelling supply behaviour of sugar producers following the abolition of 
the quota system by calibrating the supply curves to per unit production costs endogenously 
calculated within the model. Also, the modelling approach applied ensures that countries do 
not exceed existing beet slicing capacities as well as the national ceilings for the VCS scheme. 
Moreover, unlike static approaches such as CAPRI and the EDM model applied by Smit et al., 
(2017), AGMEMOD as a recursive dynamic model is able to capture adjustments over time 
and time lags. This is particularly important with respect to the modelling of the EU sugar 
market, as the sector currently undergoes a dynamic restructuring process, while sugar beets 
are grown under contracts negotiated about one and a half years before the area is actually 
harvested. Thus, production decisions are modelled in AGMEMOD based on expected prices 
and yield, that is, a 3-  or 5- year average of the previous years. Also, the dynamic approach of 
AGMEMOD accounts for adjustments in processing capacities, as for example the closures of 
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sugar beet factories in France, Germany and Poland in the first years of the post- quota period 
(EC, 2019b).

Even though results suggest that the market- distorting effect of VCS payments for sugar 
beet are limited, providing coupled support for sugar beet cannot be supported from an eco-
nomic point of view, since it contradicts the aim of an efficient resource allocation, negatively 
affects the level playing field and avoids or at least hampers the concentration of sugar produc-
tion in the most competitive regions following the abolition of the quota system. As a tempo-
rary measure, supporting less competitive countries by VCS payments may be politically and 
economically justifiable in order to give these countries the opportunity to adapt to the new 
market conditions following the abolition of the sugar quota system. In the long term, however, 
providing coupled support for sugar beet contradicts one of the main objectives of previous 
CAP reforms, namely to achieve a stronger market orientation of agriculture production and 
to reduce market distortions caused by direct support measures.
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