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On accession to the EU, Poland, one of the most agricultural countries in Europe, became eligible for the Common 
Agricultural Policy (CAP), which it perceived as a chance to develop its rural economy. However, in constructing its 
Rural Development Programme 2007−2013, Poland directed the largest funding share to Less Favoured Areas (LFA) 
− a controversial measure, which has been accused of poor targeting and ineffectiveness. We analyse the economic 
consequences of LFA support for all 16 Polish regions according to Nomenclature of Territorial Units for Statistics 
(NUTS2), using a multi-regional computable general equilibrium model with LFA detail.         
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Introduction

The European Commission designates as a “less-favoured area” those territories where agricultural activity is ren-
dered difficult by natural handicaps such as poor climate, steep terrain or barren soil. A region may also be desig-
nated less-favoured if continued agricultural activity is threatened by specific economic or environmental handi-
caps, and it is deemed important to conserve or improve the environment, maintain the countryside or preserve 
tourism potential (IEEP 2006).  The chief policy rationale for the LFA measures of the CAP is that farms operating 
in areas with natural or other specific constraints generate an on-going risk of agricultural land abandonment. An 
ostensible aim of the LFA payment scheme is to mitigate this risk. LFA support is channelled through Rural Devel-
opment Programmes (Pillar 2 of the CAP) in all EU27 countries. Across the EU27, LFA designations are significant, 
accounting for over a quarter of EU27 agricultural activity.1 In Finland, 95.1 per cent of the country’s utilised agri-
cultural area (UAA) is classified as LFA, while in Poland 62.5 per cent of UAA is LFA classified (LFA 2012, p. 159). The 
majority of Member States have provided significant support to the scheme. For example, in Poland and Finland, 
the scheme represents about 50 per cent of the Pillar 2 budget. At the EU level, the European Agricultural Fund 
for Rural Development (EAFRD) dedicated € 12.6 billion to the scheme for 2007−2013, corresponding to 13.9 per 
cent of EAFRD or 32 per cent of Axis 2 (the environmental component of the Rural Development Programmes).  

The LFA measure has been under revision since a report by the European Court of Auditors, which criticised it for 
lack of targeting (OJ 2003). Later reviews of the LFA scheme have also been critical, noting: inconsistencies in the 
delimitation of LFA areas across countries and regions; unequal treatment of LFA beneficiaries arising from the 
diversity of LFA criteria across countries and regions; and, poor targeting of the aid (EC 2009a). These criticisms 
have generated political pressure to revise the LFA measure across the EU and implement a new system from 
2014, when the new Rural Development Programs will be implemented. Current CAP reforms foresee changes to 
the system for classifying LFA over 2014−2020, narrowing eligibility criteria from their present state, a set of over 
one hundred country-specific criteria, to a set of eight soil and climate conditions (EC 2009b).

While the LFA instrument is under revision (LFA 2012), there is little literature on its economic impact, particularly 
at the regional level. The existing studies of CAP usually investigate its impact at the country level, not the regional 
level, while focussing on Pillar 1, and Old Member States. Dixon and Matthews (2006) analysed the impact of the 
CAP reform on the Irish economy using a multi-sectoral computable general equilibrium (CGE) model, showing 
that although it re-allocated resources within agriculture, the economy-wide effects were minimal. No regional 
effects were investigated. More recently, a study of CAP reform using the GTAP model stated that “[...] Rural de-
velopment spending (Pillar 2) is not modelled because the effects of this class of spending are too complex and 
uncertain and difficult to value [...]” (Costa et al. 2009). 

1 Excluding mountain areas, LFA regions account for 30 per cent of EU27 agricultural holdings, 31 per cent of the EU27 agricultural labour 
force and 26% of EU27 agricultural economic potential (CC 2009).
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Previous papers have studied the LFA program using a number of methods. Schwarz (2010) provides an econo-
my-wide perspective on the LFA’s impact on the Scottish economy via a SAM-based approach. Gelan and Schwarz 
(2008) use a CGE model of the Scottish economy to study the effects of CAP reforms on LFA farming. While their 
model is economy-wide, their focus is agricultural activities, not regional or national economies. Other studies 
have focussed on specific features of the LFA, such as: the characteristics of its implementation across countries 
(Schouten et al. 2009, Klepacka-Kołodziejska 2010); its impact on agricultural efficiency (Lambarraa and Kallas 
2009); and its impact on the environment (Lehtonen 2008). Gelan and Schwarz (2008) and Nowicki et al. (2009) 
study how LFAs have been affected by CAP reform. The CAPRI model offers promising avenues for future research 
into LFA’s economy-wide and regional economic effects. LFA payments are built into the CAPRI model (Witzke 
and Britz 2010). Recent work has extended CAPRI via a regional CGE interface (Törmä et al. 2010, Britz 2012). This 
opens the possibility of using the model in the future to study the regional economy-wide effects of LFA support.  

Our paper investigates the regional, national and sectoral economic consequences of Poland’s LFA scheme. In the 
context of the existing CAP literature, which emphasises investigation of the national impacts of Pillar 1 measures 
in Old Member States, our study appears to be the first to investigate the regional impacts of Pillar 2 measure in 
a New Member State. We investigate how LFA affects land rental prices, use of agricultural land, employment, 
and agricultural prices and production. We also investigate the indirect effects of LFA support on variables such 
as employment, GDP and population. Thus our paper elucidates the effectiveness of LFA in achieving one of its 
objectives, namely, maintaining agricultural activities in the areas under question. Poland presents an interesting 
case study. First, it is one of the largest agriculture-dependent countries in the EU2. Second, Poland has 16 very 
diverse regions, from predominantly urban and non-agricultural, to predominantly rural and very much depend-
ent on agriculture. Thirdly, LFA in Poland absorbs the highest allocation of European Agricultural Fund for Rural 
Development (EAFRD) of total LFA support in the EU (Tödtling-Schönhoferet al. 2008), hence we analyse a sub-
stantial share of the total EU27 Pillar 2 and LFA budget. 

LFA measure in Poland

Poland has chosen 21 measures for its Rural Development Program (RDP) 2007−2013 (Pillar 2), spreading a fixed 
budget thinly over many uses. A number of studies have suggested that rural development goals would be easier to 
achieve if the funds were more concentrated (Zawalińska 2009). Of all 21 Pillar 2 measures planned for 2007−2013 
in Poland, LFA is the largest, at 2.45 billion EUR, representing 14.7 per cent of Poland’s total Pillar 2 budget. The 
allocations for the other measures of the 2007−2013 RDP are presented in Table1.   

The analysis of the economic, social and environmental situation of rural areas in the National Strategic Plan for 
2007−2013 Rural Development (MARD 2006) outlined a number of desirable policy directions for Poland’s rural ar-
eas. These included facilitating the outflow of farmers to other occupations, creating non-agricultural jobs in rural 
areas, increasing agricultural labour productivity, and improving quality of life in rural areas. Judged against these 
policy aims, the high proportion of RDP funds allocated to LFA may seem problematic. Indeed, as we shall find in 
section on the national, sectoral, and regional effects of LFA, the indirect outcomes of the LFA program run coun-
ter to these aims, retaining labor in agriculture and adversely affecting employment in non-agricultural sectors. 

According to the latest available classification, LFA covers 62.5 per cent of Poland’s UAA (LFA 2012, p. 159). LFA 
support consists of annual flat rate payments (compensatory allowances) per hectare of LFA-designated agricul-
tural land remaining in agricultural use. 

The regional distribution of LFA support is determined by the delimitation of the LFA areas, based on several cri-
teria describing natural and socio-economic conditions. We assume that the structure of the regional distribution 
over 2007−2013 is similar to that of the previous budgetary period, since both the LFA definitions and the condi-
tions they describe have changed little. Only the budgetary amounts per region differ, reflecting the fact that the 
total allocations have changed (see Table 2). 

2 In Poland, rural areas account for 93.2 per cent of total land area, and 38.6 per cent of total population. The agricultural sector accounts 
for approximately 15 per cent of employment (FDPA 2010).
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Table 1. Annual amounts and shares of Pillar 2 measures, sorted by size

 No. Short name of measure
Millions

%  No. Short name of measure
Millions

%
EUR EUR

1 LFA (Less favoured areas) 350 14.7 12 Young Farmers support 56.3 2.4

2 Agri-Environmental programs 329.3 13.9 13 Technical Assistance 47.6 2

3 Early Retirement 293.1 12.3 14 Advisory 46.9 2

4 Modernization of farms 238.5 10 15 Diversification 46.3 1.9

5 Basic Services 197.2 8.3 16 Restoring Forest 20 0.8

6 Added Value 147.4 6.2 17 Producer Groups 18.8 0.8
7 Micro-Enterprises 137.2 5.8 18 Food quality systems 13.4 0.6

8 Afforestation 93.4 3.9 19 Training 5.4 0.2

9 Development of Infrastructure 80.4 3.4 20 Information and Promotion 4 0.2

10 Village Renewal 79 3.3 21 LEADER (1+2+3) 112.6 4.7

11 Semi-subsistence farms’ support 59 2.5 Total 2 375.8 100

Source: Based on RDP 2007−2013 (2007)

Table 2. Regional structure of annual LFA payments in Poland (millions €)

Regional shares  
of LFA budget* Millions EUR Population 

2003 Millions
Main 
Town

1 Dolnośląskie 0.037 12.95 2.9 Wrocław
2 Kujawsko-Pomorskie 0.053 18.55 2.1 Bydgoszcz
3 Lubelskie 0.067 23.45 2.2 Lublin
4 Lubuskie 0.030 10.5 1.0 Gorzów Wlkp.
5 Łódzkie 0.075 26.25 2.6 Lódź
6 Małopolskie 0.040 14 3.3 Kraków
7 Mazowieckie 0.185 64.75 5.1 Warsawa
8 Opolskie 0.008 2.8 1.1 Opole
9 Podkarpackie 0.032 11.2 2.1 Rzeszów
10 Podlaskie 0.134 46.9 1.2 Białystok
11 Pomorskie 0.049 17.15 2.2 Gdańsk
12 Śląskie 0.015 5.25 4.7 Katowice
13 Świętokrzyskie 0.028 9.8 1.3 Kielce
14 Warmińsko-Mazurskie 0.074 25.9 1.4 Olsztyn
15 Wielkopolskie 0.128 44.8 3.4 Poznań
16 Zachodniopomorskie 0.045 15.75 1.7 Szczecin

TOTAL 1 350 38.2
Source: Own calculations based on RDP 2007−2013 (2007) and ARMA (2009)
Note:  *Assumed to be the same as in 2004−2006

The regions with the highest shares of Less Favoured Area support are: Mazowieckie – the capital region, Pod-
laskie – a region on Poland’s Eastern border with more than 50 per cent of the rural population working in an ag-
ricultural sector dominated by middle size family farms, and Wielkopolskie - a region close to the Western border 
characterised by modern and competitive large farm agriculture. This is suggestive of the LFA delimitation crite-
ria being less suited to Poland, since the outcome is for support to be spread widely across different types of re-
gions, while leaving some regions highly disadvantaged by geographical structures such as slope and mountain-
ous terrain (such as Podkarpackie, Małopolskie and Świetokrzyskie) receiving small shares of the total support.3

   

3 Gorton et al. (2009) make the more general case that the Common Agricultural Policy is ill-suited to the rural circumstances of Central and 
Eastern Europe.
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POLTERM: a bottom-up multi-regional model of Poland
Overview of POLTERM: a Polish implementation of the TERM model

POLTERM is an implementation of the TERM model (Horridge et al. 2005) to the Polish economy.4 It is a bottom-
up multi-regional CGE model that explicitly captures the behaviour of industries, households, investors, govern-
ment and exporters at the regional level. The theoretical structure of TERM follows the familiar neoclassical pat-
tern common to many applied general equilibrium models. Producers in each region are assumed to minimize 
production costs subject to industry-specific production technologies. A representative household in each region 
purchases goods in order to obtain the optimal bundle in accordance with its preferences and disposable income.5 
In the short-run, investors allocate new units of capital to regional industries on the basis of expected rates of re-
turn. Long-run capital supply to each regional industry is elastic at given rates of return. Commodity-specific ex-
port demands for each region are modelled via constant elasticity demand functions.

In TERM, economic agents decide on the geographical source of their purchases according to relative prices and 
a nested structure of substitution possibilities. The first choice facing the purchaser of a unit of a particular com-
modity is whether to buy one that has been imported from abroad or one that has been produced in Poland. If a 
Polish product is purchased, a second decision is made, at the level of the destination region, as to the particular 
Polish origin regions from which the commodity will be sourced. TERM contains a large database that tracks flows 
of international and interregional purchases of each commodity from each region of origin to each destination re-
gion. It also records the associated margin payments and the geographical location of the suppliers of those mar-
gins. In the case of each regional user, account is also taken of the taxes payable on the purchase.

POLTERM data sources
The Polish version of TERM models 86 economic activities in the 16 NUTS2 regions.6 The sectoral dimensions of 
POLTERM have been tailored for rural and agricultural analyses. In its full disaggregation, the model has 20 sectors 
related to agricultural production and 8 to food production. In this study, for simplicity we aggregated our data-
base to 11 agricultural activities, 6 food products, and 16 remaining sectors).7 The benchmark year for the model 
is 2005, with the model’s primary data source being the 2005 Polish input-output tables (see EUROSTAT 2011 and 
the Polish Main Statistical Office GUS 2009a, b).8 EU Agricultural subsidies are included in the official 2005 tables 
as “other net taxes on production”. Hence, our initial model calibration, which is based on the official 2005 input-
output data, includes CAP payments for that year. 

In moving from the national input-output data described by GUS (2009a) to the regional input-output system 
required by TERM, we used the methods described in Horridge (2011). These use data on the regional distribu-
tion of industry output and final demands to infer a set of regional input-output tables that mostly display the 
same industry technology and final demand composition as the national table. From the regional tables we can 
deduce regional production, use and net exports of each commodity. A matrix TRADE(c, r, d) shows how much of 
commodity c used in region d is produced in region r. To construct this matrix we assume (a) a strong local bias in 
sourcing, and (b) regions import more from closer regions. For (b) a gravity assumption is used: trade is inversely 
proportional to a power of distance (between the main towns of each region, listed in Table 2), with a higher ex-
ponent for heavy or bulky goods. In defence of these assumptions we note (i) that they are applied at the original, 
detailed level of industry disaggregation, where the ‘same technology everywhere’ assumption is more plausible, 
and where net export figures give more clues about inter-regional trade; and (ii) for some commodities we as-
sume that goods from different regions are good substitutes − in this case the pattern of the TRADE matrix does 
not affect results much.

4 Previous implementations of the TERM model include e.g. Finnish VERM model – see Honkatukia et al.  (2009) or  Kinnunen et al. (2009).
5 Household preferences are assumed to be Klein-Rubin, generating a household demand system of the LES form. 
6 As defined by Eurostat, “the NUTS classification (Nomenclature of territorial units for statistics) is a hierarchical system for dividing up the 
economic territory of the EU” (see http://epp.eurostat.ec.europa.eu/portal/page/portal/nuts_nomenclature/introduction). For Poland, the 
sixteen NUTS2 regions conform to the sixteen regions of Poland’s provincial government level.  
7 See Table 5.
8 At the time of writing, the most recent Polish input-tables were for 2005. Publication of the next input-output tables (for 2010) is expected 
at the end of 2013.
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The CAPRI database was an important source of information for our disaggregation of the agricultural sector, both 
in terms of its sectoral and regional detail.9 We used CAPRI data for two purposes. First, we used CAPRI data as 
the basis for our regionalisation of the national agriculture sector, as embodied in the official 2005 national input-
output table, across 16 NUTS2 regional agricultural sectors. Second, we used the CAPRI data as the basis for dis-
aggregating the single agricultural and food processing sectors in the GUS (2009a) Polish input-output table into 
11 agricultural and 6 food processing industries respectively.

We obtained data on LFA payments by NUTS2 regions from the Agency for Reconstruction and Modernization of 
Agriculture, the authority responsible for the Pillar 2 monitoring database in Poland (ARMA 2009). Data on land 
taxes by NUTS2 regions paid by agriculture were available from Poland’s Main Statistical Office (GUS 2005, p. 632). 
We obtained data delineating LFA land by NUTS2 region in Poland from IUNG (Institute of Soil Science and Land 
Cultivation) (MARD 2009).

As an EU Member State, Poland has an open labour market with the rest of the EU. Indeed since EU accession, 
the level of Polish emigration has been substantial. In modelling Poland’s labour market in POLTERM, we allow 
the size of the in-Poland workforce to respond endogenously to movements in the Polish real wage, with an elas-
ticity of 0.10.10 

Modelling the LFA measure in POLTERM
LFA payments take the form of an annual grant per hectare of LFA land used for agricultural purposes. From a mod-
elling perspective, this can be viewed as a per hectare LFA land rental subsidy. Any given Polish region, r, will tend 
to have producers cultivating both LFA and non-LFA land areas but in different proportions. Hence in POLTERM, 
we distinguish these two types of land. The ostensible purpose of LFA funding is to increase farmer incentives to 
farm more LFA land than they would otherwise (as discussed above). Implicit in this aim is a belief that agricul-
tural activity in LFA areas would decline in the absence of the support. To model this, we allow the supply of LFA 
land to respond endogenously to movements in its post-tax rental price as suggested in the literature (Latruffe and 
Le Mouel 2009). We set our central value for the elasticity of supply of LFA land with respect to post-tax rental (

LFAS
r

)(η ) at 0.2, In using this value, we note that Van Meijl et al. (2006) places the land supply elasticity in the EU 
within the range 0.01 to 0.2. This supports a similar range found by Abler (2003), who put the value between 0.0 
and 0.2. In the CAPRI model, Poland’s land supply elasticity is set at 0.15 (Britz and Witzke 2008). The LEITAP Model 
sets the same elasticity at 0.475 (Woltjer et al. 2011). As an approximate mid-point in the range of available esti-
mates, we take 0.2 as our value for the land supply elasticity. For non-LFA land, we set the corresponding elastic-
ity ( LFAnonS

r
−)(η ) at 0, as there is very little fallow land in Poland that can be easily turned into arable non-LFA land.  

9 CAPRI (Common Agricultural Policy Regionalised Impact Modelling System), developed at the University of Bonn, is a complete, closed 
and consistent agricultural data base for NUTS2 regions of the EU27+. The database includes 50 agricultural activities, based on Economic 
Accounts, farm-market balances and unit value prices at the national level for about 60 products and 35 inputs. The model is described in 
detail at the CAPRI website http://www.capri-model.org/dokuwiki/doku.php, accessible on 24 May 2013.
10 To our knowledge, there are no econometric estimates of the elasticity of Poland’s workforce with respect to the Polish real wage relative 
to the EU real wage. For the simulations reported in this paper, we set this elasticity at 0.10. We justify this as follows. In the years 2004−08, 
2.2 m. Polish workers emigrated (GUS 2009c, p.2). This represented approximately 9% of the Polish workforce of 24.6 m. (GUS-BDR 2009). 
Prior to EU accession in 2004, opportunities for Polish labour to work in the EU were limited. At the time of EU accession in 2004, the 
average Polish wage was 2290 zloty (GUS 2010), the equivalent of approximately 573 EUR. The main destination for Polish emigrant labour 
post-accession was the UK (GUS 2009c, p.3). There, the majority of Polish workers earned the minimum UK wage of 1084 EUR (EUROSTAT 
2004, p. 2). As such, Poland’s EU accession made available, to workers willing to emigrate, wages 90 per cent higher than those possible in 
Poland. This generated a 9 per cent reduction in the Polish workforce. So our working age population supply elasticity of 0.10 is consistent 
with this historical outcome, according to the formula -9/((573-1084)/573*100) = 0.10. 



AGRICULTURAL AND FOOD SCIENCE
K. Zawalińska et al. (2013) 22: 272–287

277

Figure 1 describes the modelling of regional agricultural land supply and land demand. At the bottom level of this 
diagram, regional endowments of LFA and non-LFA land ( LFA

rX  and non LFA
rX −  respectively) are potentially sup-

plied to agricultural industries 1 – N in region r. Land supply functions across land users are modelled via constant 
elasticity of transformation (CET) functions. We assume that landowners seek to maximise land rentals subject 
to constrained land transformation possibilities described by CET functions. At the top level of Figure 1, users of 
agricultural land face imperfect substitution possibilities between LFA and non-LFA land, which are described by 
constant elasticity of substitution (CES) functions. In modelling the behaviour of users of agricultural land, we as-
sume they minimise the cost of acquiring a given input of land by substituting across land types, subject to the 
constraints posed by the CES functions. Equations (E1) – (E5) in Table 3 set out, in percentage change form, the 
system of supply, demand and unit-cost functions arising from revenue-maximising and cost-minimising behaviour 
under the production technology assumed in Fig. 1.11 Equations (E1) and (E2) describe the operation of the land 
supply nests at the bottom level of Fig. 1. In (E1), the percentage change in the supply of land type n to agricul-
tural user j in region r ( nS

rjx )(
, ) depends on both the availability of land type n in region r  ( nS

rx )( ) and the relative 
land rental received when supplying to user j ( n

r
n

rj pp −, ).12 The average rental on land type n in region r ( n
rp ) is 

defined by (E2) as the revenue-share-weighted sum of the percentage changes in rentals received from each user 
of land type n in region r.  Equations (E3) and (E4) describe the operation of the land demand nests at the top lev-
el of Fig. 1.  In (E3), the percentage change in the demand for land type n by agricultural user j in region r ( nD

rjx )(
,

) depends both on the demand for land in general by such users ( Land
rjx , ) and the relative user price of land type 

n ( Land
rj

n
rj pp ,, − ). The percentage change in the average cost of agricultural land to user j in region r is defined by 

(E4) as the cost share weighted sum of the percentage changes in the rental prices of the LFA and non-LFA land 
employed by user j, r. Together, (E1) and (E3) define percentage changes in user-, region- and land-specific land 
supply and demand. Equation (E5) imposes a market clearing condition on these user-, region- and land-specif-
ic land markets, thus allowing endogenous determination of land rental prices ( n

rjp , ). Equation (E6) defines the 
percentage change in net land rentals received by land owners. In the original levels form, (E6) expresses net land 
rentals as the product of pre-subsidy land rentals and the power (one plus the rate) of land subsidy. In (E6), the 
percentage change in the land subsidy appears as n

rs . It is n
rs  that we shock when modelling LFA payments, as 

discussed in further sections. In calculating values for n
rs , we obtain data on region-specific values for LFA pay-

ments from (ARMA 2009). Equation (E7) defines the supply of land type n in region r. Under (E7), the percentage 
change in the supply of land type n in region r is positively related to the land’s real post-subsidy rental rate. The 
strength of the land supply response to changes in the post-subsidy rental rate depends on the supply elasticity 

nS
r

)(η . As discussed in the introduction to this section, we set LFAS
r

)(η  =0.2 and LFAnonS
r

−)(η =0. 
11 For a formal derivation of these percentage change forms from economic problems such as those described by Fig. 1, see Dixon et al. 
(1992). In particular, see Dixon et al. (1992, p. 128−133) for discussion of the CET function and Dixon et al. (1992, p. 124−126) for discussion 
of the CES function.
12 Because the subsidy rate in any region is the same across all uses of LFA land, in (E1) we can assume that land supplies to activities 
respond to pre-subsidy rental prices. 
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Table 3. Percentage change form of the equations underlying Figure 1.
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REGION	 (regions 1 through 16. See Table 6).
AGRIND	 (Wheat, Rye, Barley, Other cereals, Oil seeds, Vegetables and fruit, Other crops, Other animals, Pigs, Poultry, 
Cattle). 
where:

( )S n
rx 	 is the percentage change in the supply of  land type n in region r; 

( )η S n
r 	 is the elasticity of supply of land type n with respect to its real post-tax rental price; 

n
rpps 	 is the percentage change in the post-subsidy rental price of land type n in region r. 

GDP
rp    	is the percentage change in the regional GDP deflator for region r.

n
rp 	 is the percentage change in the pre-subsidy rental price of land type n in region r; 

n
rs 	 is the percentage change in the power (1 plus the rate) of the land rental subsidy on land type n in region r;

( )
,
S n

j rx 	 is the percentage change in the supply of land type n in region r to agricultural industry j;  

φ n
r 	 is the elasticity of transformation of land type n in region r between alternative agricultural uses j;

,
n
j rp 	 is the percentage change in the price faced by agricultural producer j in region r for land type n;

,
n
j rB 	 is the share of type n land rentals in region r generated by agricultural industry j;

nD
rjx )(

, 	 is the percentage change in demand for land type n by agricultural user j in region r;

Land
rjx , 	 is the percentage change in demand for land (undistinguished by type) by agricultural industry j in region r;

rj ,σ 	 is the elasticity of substitution between different land types faced by agricultural industry j in region r ;

Land
rjp , 	 is the percentage change in the average user price of land faced by agricultural industry j in region r;

n
rjS , 	 is the share of industry (j, r)’s total land costs represented by rentals on agricultural land type n. 
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Simulation design: model closure and perturbed exogenous variables

LFA payments will have immediate impacts on rates of return, regional wage relativities and output prices. Our 
aim is to investigate the economic consequences of LFA payments after all market adjustments to these immedi-
ate LFA-induced relative price changes have taken effect. That is, our concern is long-run. Hence we use a closure 
of POLTERM that is a variant of the standard long-run TERM closure.13 This closure defines a long-run solution 
year with the following characteristics: 

(i)	 Investors in each industry in each region have had sufficient time to adjust regional industry capital stocks 
in response to the policy change. Thus changes in demand for capital are manifest as changes in capital supply, not 
as changes in rental rates. We implement this by allowing capital to be in elastic supply to each regional industry 
at exogenous rates of return.

(ii)	 Supply of LFA land is positively related to post-tax land rental rates. Supply of non-LFA land is exogenous. 

(iii)	 We assume that long-run national employment is weakly positively related to the Polish real wage. This 
reflects Poland’s open labour market with the EU. As discussed in section Overview of POLTERM, we calibrate the 
labour supply elasticity to reflect Poland’s emigration experience following EU accession. 

(iv)     Since our focus is long-run, we allow labour to move between regions in response to regional wage differ-
entials. However, we recognise that household locational preferences constrain labour movements even in the 
long-run. We model this by allowing regional employment to be endogenous, but sticky. Stickiness in regional la-
bour supply is achieved by allowing the change in the gap between the regional wage and the national wage to 
be weakly positively related to the movement in regional employment. In terms of our model results, this closure 
has the effect of ensuring that long-run regional labour-market pressures mostly appear as movements in regional 
employment, together with some limited movement in relative regional wage rates.

(v)	 We assume that the desired rate of capital accumulation in each regional industry in the long-run solu-
tion year is independent of the policy shock.  We implement this via exogenous determination of regional indus-
try investment/capital ratios. With movements in long-run regional industry capital stocks largely determined by 
the first closure assumption above, this effectively links long-run movements in regional industry investment to 
movements in regional industry capital stocks. National investment is determined as the sum of regional industry 
investments.

(vi)	 We constrain movements in the long-run balance of trade to reflect two features of solution year net 
foreign financing: net receipts of LFA payments by Poland, and the need to finance changes in solution-year capi-
tal stocks. Ceteris paribus, LFA payments received by Poland allow the balance of trade to move towards deficit. 
In financing the solution year capital stock, we assume that 60 per cent of capital rentals arising from new capital 
are sent to foreign capital owners via an appropriate movement towards balance of trade surplus.14 With the so-
lution year balance of trade constrained in this way, we allow private and public consumption to be determined 
endogenously. This closure can be interpreted as allowing domestic consumption to move with national income, 
where LFA payments represent an addition to national income, and servicing of foreign financed capital accumu-
lation a gross subtraction from national income. Subject to this national constraint, we assume regional private 
consumption is a fixed proportion of regional income. 

(vii)	 We assume that long-run regional public consumption spending will follow movements in the long-run 
regional distribution of economic activity. Regions in which long-run population, employment and consumption 
are rising (falling) receive a rising (falling) share of national public consumption spending. We model this via ex-
ogenous determination of region-specific ratios of real public consumption spending to real private consumption 
spending.

Our shocks to the POLTERM model are region-specific LFA payments.  The aggregate value of Polish LFA payments 
under CAP funding round 2007−13 is reported in row 1 of Table 1. The regional distribution of these payments 
is reported in Table 2. These values are used to calibrate shocks to region-specific land subsidy variables, repre-
sented by n

rs  in equation (E6). 
13 Our closure departs from the standard long-run TERM closure in two ways. First, via assumption (ii) above, and equation (E7) of Table 3, 
we override the standard assumption of exogenous land supply. Second, via assumption (iii) above, we override the standard assumption of 
exogenous national employment.    
14 The simulation we report in Section V generates, over a five year period, sufficient domestic savings to finance approximately 40 per cent 
of the solution year change in the capital stock. 
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The national, sectoral and regional effects of LFA support

We discuss the national, sectoral and regional economic consequences for Poland of LFA support payments. Our 
interpretation of the POLTERM results is comprised of a sequence of cross-referenced discussions, each of which 
relies on familiar economic mechanisms, not details of POLTERM’s theoretical structure.  

The impact of LFA support on the national macroeconomy
Table 4 reports the effects of LFA support on selected national macroeconomic indicators. At the national level, 
Poland’s annual receipt of PLN 1.2 b. of LFA funds represents approximately 18 per cent of the value of pre-LFA 
land rentals accruing to LFA-designated land.15 We model the LFA support as a per-hectare subsidy to landowners 
(see section on POLTERM data above). 

Table 4. Impact of LFA support at the national level (a)

National macroeconomic indicator: % change National macroeconomic indicator: % change

1. Real GDP at market prices 0.07 16. Nominal exchange rate (foreign currency/PLN) 0
2. Aggregate employment 0.02 17. Consumption deflator (private & public) 0.06

3. Aggregate capital stock 0.06 18. Private consumption price deflator 0.04

4. Aggregate land supply - all land 1.19 19. Public consumption price deflator 0.13

5. Aggregate land supply - LFA land 2.26 20. Investment price deflator 0.05

6. Aggregate land supply - non-LFA land 0 21. GDP deflator (market prices) 0.08

7.    Real consumption (private & public) 0.2 22. GDP deflator (factor cost) 0.08

8.    Real private consumption 0.19 23. Real wage 0.16

9.    Real public consumption 0.22 24. Rental price of capital 0.05

10. Real investment 0.06 25. Average user price of land - all land -2.2

11. Real GNE 0.17 26. Average user price of land - LFA land -6.02

12. Real exports -0.23 27. Average user price of land - non-LFA land 2.18

13. Real imports 0.07 28. Average owner price of land - all land 7.33

14. Terms of trade 0.06 29. Average owner price of land - LFA land 11.8
15. Real exchange rate 0.08 30. Average owner price of land - non-LFA land 2.18

Source: Authors’ calculations using POLTERM. Note: (a) Results reported as the annual percentage change away from where the economy 
would otherwise have been in the  absence of LFA support. 

 
In our macroeconomic results, this direct effect of LFA payments is manifested as a 17.8 percentage point gap 
(=11.8 - −6.0) between the LFA land rental rate received by landowners (row 29) and the LFA land rental rate paid 
by land users (row 26). LFA payments produce a fall in the user-price of LFA land (row 26) because we allow the 
supply of LFA land to be a positive function of the post-tax rental value of LFA land (see equation E7 above).  

As discussed in section on POLTERM data above, we set the LFA land supply elasticity at 0.2. Hence, with the post-
tax rental price of LFA land rising by 11.8 per cent (row 29), the aggregate supply of LFA land rises by 2.26 per cent 
(row 5). As discussed in section on modelling the LFA above, our land use theory allows agricultural producers to 
substitute between LFA and non-LFA land. The user-price of LFA land must fall (row 26) to induce land users to 
absorb the increase in LFA land supply. 

For a given level of employment, the increase in the supply of agricultural land (see above) causes the marginal 
physical product of labour to rise. This rise in the marginal physical product is reinforced by a rise in the capital 
stock (row 3, to be explained below). The increase in the marginal physical product of labour translates into a rise 
in the value of the marginal product of labour, a rise that is reinforced by an improvement in the terms of trade 
(row 14, to be explained below). The rise in the terms of trade increases the ratio of the GDP deflator to the con-
sumption deflator (rows 21 and 17), strengthening the tendency towards real wage increase generated by the rise 
in the marginal physical product of labour. The rise in the value of the marginal product of labour accounts for the 
movement in the real wage, which rises by 0.16 per cent relative to what it would otherwise have been (row 23). 

15 In 2005, LFA pre-subsidy land rentals were approximately PLN 6.6 b. (authors’ estimates, based on GUS-BDR, 2009). 
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As discussed in section on POLTERM data above, recognising that Poland has an open labour market with much 
of the EU, we allow Polish labour supply to vary with the real wage. This accounts for the small rise in Polish em-
ployment (row 2).

As discussed in section on simulation design above, we assume Poland can obtain capital at given rates of return. 
With land supply and employment higher than basecase, for a given level of capital, the marginal physical product 
of capital must rise. The rise in the terms of trade causes the ratio of the GDP deflator to the investment deflator 
to rise (rows 21 and 20). With the terms of trade higher than basecase, for a given level of capital, the value of the 
marginal physical product of capital must rise. However, with rates of return exogenous, scope for the value of the 
physical marginal product of capital to rise is limited. Hence, the capital stock must expand relative to basecase 
(row 3). The LFA payments induce increases in aggregate land use, employment and capital. This accounts for the 
increase in real GDP relative to what it would otherwise have been (row 1). 

The increase in national real consumption (rows 8 and 9) is substantially higher than the increase in real GDP (row 
1). This reflects a rise in real (CPI-deflated) national income relative to real GDP. Real national income rises by more 
than real GDP for two reasons. First, the terms of trade improves relative to what it would otherwise have been 
(see below). Second, and more importantly, the LFA funds received by Poland are financed almost entirely by the 
rest of the EU, and thus represent a net rise in Polish national income. Aggregate real consumption rises by 0.2 
per cent (row 7). This is comprised of a 0.19 per cent rise in private consumption (row 8) and a 0.22 per cent rise 
in public consumption (row 9). The larger increase in public consumption relative to private consumption is due 
to differences across regions in the ratio of public to private consumption.    

As discussed in section on simulation design, we assume that solution year investment/capital ratios by regional 
industry are exogenous. As such, the percentage change in real investment for each regional industry is the same 
as the percentage change in its capital stock. At the national level, this is reflected in a similar outcome for na-
tional real investment (row 10) as the national capital stock (row 3). 

The outcome for real investment (+0.06 per cent), is quite close to the outcome for real GDP (+0.07 per cent). 
However the outcome for national real consumption (+0.2 per cent) substantially exceeds the outcome for real 
GDP. Together, the outcomes for real investment and real consumption generate a rise in real GNE (row 11) that 
exceeds the outcome for real GDP. With the real GNE outcome exceeding the real GDP outcome, the real balance 
of trade must move towards deficit. This accounts for the contraction in real export volumes (row 12) and expan-
sion in real import volumes (row 13). 

The movement in export volumes and import volumes implicit in the movement towards balance of trade deficit 
requires a rise in the price of Polish goods relative to foreign goods. That is, it requires the real exchange rate to 
appreciate (row 15), making exports dearer in foreign markets, and Polish goods relatively more expensive than 
competing imports within the domestic Polish market. 

In POLTERM, commodity-specific export volumes are modelled as inversely related to commodity-specific foreign 
currency prices. The contraction in export volumes thus requires a rise in foreign currency export prices. This ac-
counts for the rise in the terms of trade (row 14). 

 The impact of LFA support on national industrial outcomes
Table 5 reports national results for output by sector. The largest beneficiaries of the LFA funds are agricultural in-
dustries (rows 1−11, Table 5). This reflects the expansion in LFA land generated by the LFA funds. Food processing 
industries (rows 15−20, Table 5) are indirect beneficiaries of the expansion in agricultural land supply. By lower-
ing the prices of agricultural output, expansion of agricultural production stimulates output of food processing 
industries by lowering input costs. At the same time, food processing industries receive a demand-side fillip to 
their output via the expansion in real household consumption spending. 

Expansion in real consumption, both private and public, also accounts for expansion in the out-
put of such industries as hotels and restaurants (row 26), dwellings (row 29), education (row 30), pub-
lic administration (row 31), health (row 32) and other services (row 33). Note that traded goods sec-
tors, such as forestry (row 12), mining (row 14) and non-food manufacturing (row 21) are adverse-
ly affected by Poland’s receipt of LFA payments. This reflects the appreciation of the real exchange rate.  
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Table 5. Impact of LFA support on output by sector

Sector
Percentage 
change in 

output
Sector

Percentage 
change in 

output
1. Wheat       0.35 18. Other food products     0.14

2. Rye         0.42 19. Beer manufacturing        0.16

3. Barley      0.34 20. Other beverages 0.27

4. Other cereals      0.38 21. Other manufacturing     -0.13

5. Oil seeds    0.33 22. Electricity (coal generated) 0.06

6. Vegetables and fruit    0.4 23. Other electricity     0.06

7. Other crops   0.38 24. Construction       0.06

8. Other animals   0.46 25. Trade       0.03

9. Pigs        0.36 26. Hotels and restaurants      0.14

10. Poultry     0.35 27. Transport      0

11. Cattle       0.4 28. Finance     0.03

12. Forestry      -0.01 29. Dwellings    0.1

13. Fishing        0.12 30. Education      0.18

14. Coal, ore and other mining     -0.02 31. Public administration    0.21

15. Beef meat manufacturing    0.13 32. Health      0.21

16. Pork meat manufacturing    0.11 33. Other services     0.11

17. Dairy products   0.11    
Source: Results of the POLTERM model. Regional industry results aggregated to the national level.

The impact of LFA support on Poland’s regional economies

The chief determinant of relative regional GDP outcomes is the relative importance of LFA funding expressed as 
a share of regional GDP (Fig. 2). LFA funding as a share of regional GDP is reported in the first column of Table 6, 
while Figure 2 reports POLTERM results for real regional GDP outcomes (see also Map 1). It also reports a predict-
ed regional real GDP outcome based on a regression equation estimated by regressing the POLTERM results for 
real regional GDP (column 2, Table 6) against the ratio of regional LFA receipts to regional GDP (column 1, Table 
6). In Figure 2 we find the predicted real GDP outcomes closely match the POLTERM real regional GDP outcomes. 
An exception is Mazowieckie. The POLTERM real GDP result for this region is approximately twice that predicted 
by the regression equation. This reflects the region’s strong inter-regional trade links with Podlaskie, the region 
receiving the highest level of LFA payments as a proportion of regional GDP.  

Source: Authors’ calculations using POLTERM output. Note: Predicted real regional GDP is calculated from the linear regression of the 
POLTERM result for real regional GDP against region specific LFA / GDP ratios.

-0.10

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

1.
 D

ol
no

sl
as

ki
e

2.
 K

uj
po

m
or

sk
ie

3.
 L

ub
el

sk
ie

   

4.
 L

ub
us

ki
e 

   

5.
 L

od
zk

ie
   

  

6.
 M

al
op

ol
sk

ie

7.
 M

az
ow

ie
ck

ie

8.
 O

po
ls

ki
e 

   

9.
 P

od
ka

rp
ac

ki
e

10
. P

od
la

sk
ie

   

11
. P

om
or

sk
ie

   

12
. S

la
sk

ie
   

  

13
. S

w
ie

to
kr

zy
sk

14
. W

ar
m

m
az

ur
sk

i

15
. W

ie
lk

op
ol

sk
i

16
. Z

ac
hp

om
or

sk
i

Real regional GDP

Predicted real regional
GDP

Fig. 2. Real regional 
GDP and predicted real 
regional GDP compared 
(percentage change 
from basecase, long-run 
solution). 



AGRICULTURAL AND FOOD SCIENCE
K. Zawalińska et al. (2013) 22: 272–287

283

As discussed in section on simulation design, national employment is weakly positively related to the real wage. 
However, despite national employment being endogenous, it remains sufficiently constrained that long-run 
employment expansion in one Polish region will typically be at the expense of long-run employment in other Polish 
regions. By expanding land supply and agricultural production in some regions more than others, LFA funds cause a 
regional redistribution of national employment. In Table 6, we find employment tends to shift from the most urban 
regions (such as Śląskie, Dolnośląskie, Opolskie) to more rural regions (Podlaskie, Warmińsko-Mazurskie, Lubelskie).

Column 6 of Table 6 reports percentage changes in LFA land supply relative to what it would have been in the ab-
sence of the LFA policy. Column 8 reports the percentage change in total agricultural land area by region. Together, 
these columns show how much land would be released from agricultural use without the LFA policy. 

Hence, the results in columns 6 and 8 are a measure of the success of the Polish LFA in meeting its aim of main-
taining land in agricultural use. In the absence of the LFA program the region that would release the most land 
from agricultural use is Podlaskie (row 10), the most agricultural region in Poland (where almost 70 per cent of 
the rural population works in the agricultural sector). The regions least affected in terms of agricultural land use 
are Śląskie, Dolnośląskie and Opolskie. These are among the most urban and industrial regions in Poland. 

As discussed earlier in reference to Table 5, it is those traded goods sectors that are not either direct beneficiaries 
(agriculture producers) or indirect beneficiaries (agricultural processors) of LFA payments that are adversely af-
fected by the program. Of these sectors, it is non-food manufacturing (row 21, Table 5) that experiences the largest 
output contraction. Table 7 reports output for this sector at the regional level. We find that output for this sector 
contracts in all regions. However the output contraction is largest in North-Eastern Poland – in Podlaskie by -0.25 
and in Warmińsko-Mazurskie by -0.18 (see Table 7). Yet in column 1 of Table 6 we see that these are the two re-
gions receiving the largest LFA allocations relative to regional GDP. This apparently counter-intuitive result arises 
from the operation of assumption (iv) in section on simulation design. With labour markets rendered somewhat 
region-specific via assumption (iv), LFA-induced expansion in agricultural employment is satisfied in part by inter-
regional migration, and in part by employment contraction in other local trade-exposed industries.   

Source: Authors’ calculations using POLTERM output. 
Map 1. Regional distribution of LFA funds and LFA impact on regional GDP 
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Table 6. Regional impact of LFA support (percentage changes) 

Region

LFA 
funds 

as a per 
cent of 

regional 
GDP

1

Real 
GDP

2

Real 
Consumption

3

Employ-
ment

4

Capital 
stock

5

Land supply

LFA 
Land

6

Non-
LFA 

Land
7

Total Land 
Supply

8

1. Dolnośląskie 0.05 -0.02 0.02 -0.05 -0.02 1.66 0 0.41
2. Kujawsko-Pomorskie 0.14 0.06 0.20 0.01 0.05 2.96 0 0.86
3. Lubelskie   0.21 0.14 0.37 0.09 0.12 2 0 0.98
4. Lubuskie    0.16 0.11 0.29 0.05 0.10 2.08 0 1.97
5. Lódzkie     0.16 0.10 0.27 0.04 0.09 1.7 0 1.35
6. Małopolskie 0.07 0.00 0.06 -0.03 0.00 2.5 0 0.73
7. Mazowieckie 0.1 0.08 0.19 0.02 0.09 2.6 0 2.06
8. Opolskie    0.04 -0.02 0.01 -0.04 -0.02 1.2 0 0.24
9. Podkarpackie 0.11 0.04 0.15 0.00 0.03 2.1 0 0.82
10. Podlaskie   0.73 0.68 1.52 0.47 0.59 4.33 0 4.1
11. Pomorskie   0.1 0.06 0.17 0.01 0.06 2.15 0 1.59
12. Śląskie 0.01 -0.05 -0.06 -0.08 -0.04 0.73 0 0.11
13. Świętokrzyskie 0.13 0.07 0.21 0.02 0.06 1.6 0 0.95
14. Warmińsko-Mazurskie 0.33 0.27 0.65 0.17 0.23 2.46 0 2.08
15. Wielkopolskie 0.17 0.09 0.27 0.03 0.08 2.03 0 1.2
16. Zachodniopomorskie 0.13 0.09 0.23 0.03 0.09 1.87 0 1.48

Source: Results from the POLTERM model
 

		        

 
Table 7. Changes in manufacturing output by regions 
(percentage changes)
1. Dolnośląskie -0.12

2. Kujawsko-Pomorskie -0.14

3. Lubelskie   -0.15

4. Lubuskie    -0.15

5. Lódzkie     -0.14

6. Małopolskie -0.13

7. Mazowieckie -0.12

8. Opolskie    -0.11

9. Podkarpackie -0.15

10. Podlaskie   -0.25

11. Pomorskie   -0.14

12. Śląskie -0.11

13. Świętokrzyskie -0.12

14. Warmińsko-Mazurskie -0.18

15. Wielkopolskie -0.13

16. Zachodniopomorskie -0.14
		            Source: Results from the POLTERM model
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Conclusions

We analyse the largest EU Rural Development Policy instrument in Poland: support for Less Favoured Areas (LFA). 
Among the rural development programs of New Member States, LFA is commonly the largest program financed 
within the Common Agricultural Policy (Gorton et al. 2009). Our modelling suggests that the policy contributes to 
its ostensible aim − retention of marginal agricultural land use in regions which are predominantly agricultural16 
and predominantly rural17. However, the LFA scheme’s contribution to reducing land abandonment appears to 
be small. The scheme appears most effective in promoting continued land use in intermediate rural18 − predomi-
nantly agricultural types of regions19. In these regions, LFA payments cause total land use to be 3 per cent higher 
than would otherwise have been the case. We found this effect to be much smaller in predominantly urban - in-
termediate agricultural regions20 with total land use only 0.7 per cent higher than it would otherwise have been. 

LFA, by promoting the use of marginal agricultural land, also promotes agricultural employment. Since the scheme 
appears to have its largest effects in predominantly agricultural regions (i.e. regions where more than 50 per cent 
of the rural population works in agriculture) it appears that it may contribute to one peculiar role played by agri-
cultural policy in general in Poland, namely creating an absorptive buffer for excess agricultural labour (Davidova 
et al. 2002). As such, the CAP in Poland might act to slow down growth-promoting structural changes by ham-
pering a much needed outflow of people from agriculture to more productive non-agricultural occupations. This 
is one reason why LFA has been classified as social support rather than development support (Zawalińska 2008). 

From an economy-wide perspective, Poland appears a net beneficiary of the LFA program, with the scheme lifting 
real national consumption by 0.2 per cent. However this macroeconomic outcome masks important impacts on 
the regional and industrial distribution of economic activity. These distributional impacts are brought about mainly 
via a Dutch Disease effect, which arises from the fact that the large EU-financed LFA transfers cause the Polish real 
exchange rate to appreciate.21 Since Poland is a net beneficiary of EU support, and mainly due to funds from CAP, 
in general it is unavoidable that measures such as LFA contribute to real appreciation. However it is the composi-
tion of the adversely affected trade-exposed sectors that may concern policy makers. By design, LFA funds tend 
to flow to agricultural industries in regions that are primarily rural and agricultural. This leaves non-agricultural 
industries in regions that are primarily urban exposed to the real exchange rate appreciation, while receiving little 
direct compensation via LFA receipts. At the same time, labour productivity in Polish agriculture remains among 
the lowest in the EU, at 0.30 compared to an EU15 average of 0.50 (EC 2010).22 While not studied directly in this 
paper, our results for sectoral output raise the important question of whether the LFA program - by discouraging 
marginal farmers from leaving the land, while simultaneously penalising the trade-exposed high-growth sectors 
that might otherwise absorb surplus farm labour - could have an adverse impact on Poland’s economic growth.        
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16 Regions where more than 50 per cent of the rural population works in agriculture – authors own definition.
17 Regions where more than 50 per cent of the population lives in rural areas – according to the definition provided by OECD (2011).
18  Regions where the share of the population living in rural areas is between 15 and 50 per cent – according to the definition provided by 
OECD (2011).
19  For a more precise typology of Polish regions see Zawalińska (2009).
20 The regions where less than 15 per cent of population lives in rural areas and  percentage of rural population working in agriculture is 
between 15−50 per cent.
21 Early use of the term ”Dutch Disease” referred to the contractionary effect on trade-exposed sectors generated by real exchange 
rate appreciation arising from exogenous increases in resource output or resource prices (Corden and Neary 1982 and Corden 1984). 
Later studies extended the effect to include the consequences of real appreciation induced by foreign exchange inflows in the form of 
international aid or loans (see for example Adam and Bevan 2003, Rajan and Subramanian 2005,  and Oomes and Kalcheva 2007). These 
cases are similar to the LFA support studied here. Remittances can also exert significant Dutch Disease effects (Acosta et al. 2009). For 
Poland, worker remittances are an important source of foreign exchange. For example, in 2007, remittances to Poland were approximately 
PLN 20.4 b. (EUR 5.4 b.) (NBP 2008: 2), approximately double the size of annual Pillar 2 payments to Poland (see Table 1). Relative to 
remittances, a factor mitigating the Dutch Disease consequences of LFA payments is the positive effect on resource supply, and hence 
output. In Table 4, we find that LFA payments increase land supply by approximately 1.2 per cent.  
22 In Poland, the share of agricultural GVA is about 4.3 per cent while the share of employment is 14.7 per cent, hence labour productivity in 
agriculture is 0.3. In the EU15 the share of agricultural GVA is 1.7 per cent while the share of employment is 3.4 per cent, hence the labour 
productivity in agriculture is 0.5. 
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