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Summary
A Computable General Equilibrium (CGE) model o f  the Irish economy is built and used to 

analyse the 2003 Mid Term Review o f the Common Agricultural Policy. The Mid Term 

review  represents significant reform o f agricultural policy in Ireland, and ushers in a period 

o f transition for the agricultural and related sectors.

The IMAGE2 model is a CGE model with particular emphasis on the agriculture and food 

processing sectors. It owes much to its predecessors, IMAGE (O ’Toole 2001) and ORANI 

(Dixon et al 1982), however, it also contains several new features and is based on a 

completely new database. In particular, the representation o f CAP instruments is carefully 

incorporated into the model specification. The database is the most detailed and current 

CGE database o f the Irish economy.

Widespread interest in the MTR has spawned numerous studies o f  its anticipated effects. 

Economists have employed a variety o f modelling approaches, encompassing single- and 

multi-country general and partial equilibrium models. The results in this thesis represent 

the most dedicated single-country CGE modelling analysis o f the M TR for Ireland so far.

Results from the simulation indicate that agricultural activity will decline following the 

implementation o f the MTR. In particular, labour use in the sector will fall, as some 

agricultural workers seek off-farm employment and others cease to work. Despite the 

decline in agricultural activity, the continuation o f subsidy support ensures that gross value 

added at factor prices is maintained, and even increases slightly in the short run. There is a 

change in the composition o f primary factor usage in agriculture, with significant 

extensification stimulated by the MTR. W ithin the sector, there are large changes in the 

composition o f agricultural output. Reductions in output o f  the previously subsidised 

products, cattle, sheep, and cereals, are accompanied by an increase in output o f  other 

agricultural goods such as other livestock, fruits and vegetables, and forestry. Advance 

estimates o f agricultural activity in 2005, the first full year o f  decoupling (CSO 2005d) 

indicate that changes in the sector have followed these broad indications.
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CHAPTER 1: Introduction

1.1 Introduction
The Common Agricultural Policy (CAP) has been the subject o f recent major reforms. 

This thesis presents an analysis for Ireland of the economic and environmental effects of 

the Mid Term Review (MTR) reform of the CAP agreed in June 2003 (CEU' 2003), using 

a Computable General Equilibrium (CGE) model o f the Irish economy.

There are several factors which provide the motivation for this analysis of the effects of the 

MTR on the Irish economy, and in particular the agri-food sector. The aim is to forecast 

the effects on output, income, prices, land use, and employment in Ireland. The MTR can 

be expected to have the most significant effects on the agricultural sector. By using a CGE 

model, the knock-on effects on upstream and downstream industries, and for the economy 

as a whole, can also be examined. In particular, the MTR may have ramifications for the 

food processing sector, which along with the agricultural sector, comprised 9.5% of GDP 

and 9.2% of total employment in 2003 (DAF^ 2005).

Agriculture in Ireland was the source of an estimated 28% of national greenhouse gas 

(GHG) emissions in 2003 (EEA^ 2003). Under the Kyoto Protocol to the United Nations 

Framework Convention on Climate Change (UNFCCC) (UN 1997) and the EU Burden 

Sharing Agreement (CEC"* 2002a) Ireland is committed to limiting GHG emissions. As a 

significant source of GHG emissions, reform of the agricultural sector has a potentially 

important impact on Ireland’s achievement of its GHG target.

Finally, the development o f the CGE model and database used in the analysis is valuable in 

itself. Because the model is general purpose, it may be used for analysis o f other economic 

policies in the future. The database provides a coherent, economy wide source of

' Council o f  the European Union.
 ̂Department o f  Agriculture and Food.
 ̂ European Environment Agency.

'* Commission o f  the European Communities.
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information which is particularly useful for illustrating the relationships between the 

various sectors o f the Irish economy.

In the remainder o f this chapter, these motivating factors are discussed in more detail. In 

Section 1.2, the CAP and the MTR are described. The significance o f  agriculture to the 

reduction o f  greenhouse gas emissions is described in Section 1.3. Section 1.4 contains an 

introduction to the field o f CGE modelling. Finally, Section 1.5 outlines the remainder o f 

the thesis.

1.2 The Mid Term Review of the Common Agricultural 
Policy

The CAP was established in 1957 by the Treaty o f Rome in the then European Economic 

Community, to address concerns about food self-sufficiency in the community. In modem 

times, the CAP has been criticised for two key reasons. First, the CAP is very costly, with 

a budget that was as high as 68% o f the EU budget in 1988, although at €45bn in 2004 it 

has fallen to around 45% o f the EU budget (CEC 2004). Second, the subsidisation of 

agricultural production led to overproduction. It encouraged intensive farming practices, 

such as excessive use o f  fertiliser, that were damaging to the environment, food quality, 

and animal welfare. Further, excess supply o f  agricultural commodities distorted world 

markets, with detrimental effects on food producers in developing countries (Anderson 

2003).

Since the 1980s, various modifications to the CAP have been implemented to address these 

criticisms. Quotas, set-aside requirements, and gradual reductions in intervention prices 

were used to curb overproduction, although large quantities o f intervention stocks persisted 

until the mid-1990s. The 1992 MacSharry Reform and Agenda 2000 introduced more 

substantial changes to the CAP, by replacing some market support measures with 

compensatory direct payments paid on a per head or per hectare basis. Although there 

were strict limits on production or stocking, these measures still rewarded production, and 

distortions within the agricultural sector remained.

Significant pressure for further reform has come from two sources. First, the recent 

enlargement o f the EU has brought budgetary and administrative concerns to the fore.
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Second, the distortionary aspects o f the CAP are a contentious issue in the current WTO 

Doha Development round o f  trade negotiations. Therefore, the Mid Term Review, agreed 

in Luxembourg in June 2003, has been hailed as the most radical reform to the CAP since 

its inception. The key changes contained in the MTR are:

• a “single farm paym ent” for EU farmers, to replace the various “direct payments” 

that existed under Agenda 2000,

• “cross-compliance” measures, or standards o f environmental protection, food 

safety, and animal welfare, which must be met in order to qualify for the single 

farm payment,

• “modulation”, a gradual reduction in payments to larger farms, which will be used 

to finance rural development measures,

• financial discipline, an undertaking to keep the CAP budget fixed in real terms until 

2 0 1 3 ,and

• revisions to market policy. O f particular relevance to Irish producers are the cuts to 

the intervention prices for butter and skimmed milk powder.

Because it is decoupled, or not linked to production, the single farm payment is intended to 

reorient EU farmers towards market based decision-making. It is a major negotiating point 

for the EU at the WTO Doha round, because it reclassifies a large proportion o f 

agricultural support from the trade-distorting “Amber Box” to the non-distortionary “Green 

Box”.

Without intervention pricing, some product differentiation is necessary if  EU producers are 

to continue to receive higher than world prices. The CAP is now implementing measures 

to emphasise the difference between EU and imported produce, such as labelling rules 

which enable meat to be traced back to the EU farm where it was produced. Logos, such 

as the “Protected Designations o f  Origin” and the “Traditional Specialty Guaranteed”, are 

also used to protect EU producers against undercutting and product imitation.
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The cross compliance measures also create a degree o f differentiation between EU and 

imported products. Farmers are required to protect the environment, food safety, and 

animal welfare, in order to qualify for the single farm payment, which is a direct 

mechanism for ensuring that these standards are met. An additional incentive for the 

farmer to comply is to preserve the reputation o f  the EU as an environmentally responsible 

and safe producer o f  food, thereby maintaining prices above the world level.

There were various options for implementing the MTR left to the individual EU states to 

decide. In particular, the option o f partially decoupling the single farm payment enabled 

member states to opt to retain some portion o f payments as coupled payments (CEU, 

2003^). For example, a proportion o f  the Suckler Cow and Slaughter Premia could be 

retained, and not replaced by the decoupled payment. Also, implementation could be 

delayed from 2005 up until 2007. In Ireland, full decoupling was implemented on January 

1,2005.

As it is clearly o f  interest to know how such a radical change could affect the development 

o f  EU agricultural markets in the future, m.any studies o f the impact o f the MTR have been 

produced since it first came under discussion in 2002. The effects o f the MTR are of 

interest not only to the EU, but also to the wider community, participating in the ongoing 

WTO development round negotiations. Along with the analysis presented in this thesis, 

these studies are discussed in detail in Chapter 4.

1.3 Climate change policy
Concerns over the observed trend in increasing global temperatures since industrialisation 

inspired the formation o f the UNFCCC in 1992. Ireland is a signatory to the 1997 Kyoto 

Protocol, which identifies targets for reductions o f anthropogenic GHG emissions. Fears 

o f  a global environmental crisis brought about by global warming caused by excessive 

anthropogenic emissions o f  GHGs are subject to debate. The Kyoto Protocol has not 

entered into force because it has not received sufficient ratification,^ but it has entered into

 ̂Council Regulation (EC) No. 1782/2003, Title III Chapter 5, Section 2.
 ̂ The Kyoto Protocol cannot enter into force until at least 55 parties to the Convention, including Annex I 

parties (developed countries) which accounted for at least 55% o f total Annex I emissions in 1990, have 
ratified the protocol (UN 1997). So far, 120 parties have ratified the protocol, accounting for only 44% o f  
Annex 1 emissions.
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EU law (CEC 2002a). Therefore the economic impact o f  Ireland’s compliance with the 

Kyoto protocol is a matter o f interest.

Ireland joined the Kyoto Protocol as part o f the European Union. As part o f the 

commitment to reduce GHG emissions from developed countries by 5%, the EU agreed to 

reduce emissions to a target o f 92% o f 1990 emissions by the commitment period 2008- 

2012 (UN 1997). Under the EU Burden Sharing Agreement (CEC 2002a), Ireland’s target 

by the commitment period is not to exceed 113% o f 1990 emissions. High economic 

growth during the 1990s has meant that Ireland has already exceeded this target, having 

increased emissions by 31% by 2001 (EEA 2003). The overall performance o f the EU in 

reducing GHG emissions during the 1990s is shown in Figure 1.1.

Figure 1.1 Kyoto targets and progress by 2001, European Union

3EU Total
Luxijmbourg

Germany
United Kmgdom

Sweden
Uenmark

Kyoto commitment by 
2008 -2012

n  Actual change, 1990 - 
2001 (%

France
Netherlands 
Finland 
' Belgiuijn 
' Italy

' Austria
r^Greece

' Irela
in
Portugal

-80 -60 -40 -20 0 20

Percentage change from 1990 emissions
40 60

Source: EEA 2003

By 2001, the EU had achieved a small reduction in emissions. However, emissions were 

still above the target. The only countries to have achieved or bettered their targets were the 

relatively small producers o f emissions, Luxembourg, Sweden, and Greece. Germany and
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the United Kingdom were very close to target. Despite having negotiated an increase in 

emissions, Ireland, along with Spain and Portugal, was well in excess o f  its target.

Within Ireland, the National Climate Change Strategy (DELG^ 2000) identifies the
o

agricultural sector as the largest single contributor to GHG emissions. The sources of 

national GHG emissions are shown in Figure 1.2, based on 1998 measurements. The 

contribution from agriculture fell from 36% in 1990, and has since fallen further, to 28% in 

2003 (EEA 2003). However, the fall in the contribution is mainly due to increased 

emissions from other sectors, as the quantity o f  agricultural emissions has been 

approximately constant.

Figure 1.2 Sources of GHG emissions in Ireland, 1998

Commercial
Process 4 .5%

Waste
2 .5%

4 .8%

Industry
6 .8%

Agriculture
32 .0%

Transport
14.3%

Residential
10 .5%

Energy
24 .6%

Source; DELG (2000)

’ Department o f  the Environment and Local Governm ent.
* The six  GHGs identified under the K yoto Protocol are Carbon D ioxide, M ethane, Nitrous O xide, 
Hydroflourocarbons, Perfluorocarbons, and Sulphur hexaflouride. Global W arming Potential (G W P) is 
measured in Carbon D ioxide Equivalent (CO 2 E) units. Ruminants and manure are producers o f  M ethane. 
One tonne o f  M ethane has the GW P o f  21 tonnes o f  Carbon D ioxide, or 21 CO 2 E. Fertiliser used on 
grassland and in the production o f  crops produces N itrous O xide, w hich has the GW P o f  310  CO 2 E.
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Agricultural emissions o f GHGs are high relative to those in other developed countries. 

This is due to the predominance of pastoral systems in agricultural production. Ruminant 

digestion, manure management, and fertiliser usage on grassland and crop land are the 

major sources of agricultural emissions. Table 1.1 shows that the Milk and Beef sectors 

together are responsible for over 80% of agricultural GHG emissions. Emissions per euro 

of output at 6.47kg C02E are significantly higher in the Beef sector than in the Milk 

sector. At 10.47kg C02E, Sheep production has the highest level of emissions per euro of 

output. However, the Sheep sector is relatively small and so it contributes only 10% to 

agricultural GHG emissions.

Table 1.1 Sources of agricultural GHG emissions in CO2 equivalent, 2003

Agricultural Sector Share of 
Emissions

Emissions per euro 
output (kg)

Milk 24.7% 3.89

Beef 58.6% 6.47

Sheep and Wool 10.0% 10.47

Other Livestock 2.8% 1.04

Cereals 1.9% 3.11

Fruit and Vegetables 0.6% 0.59

Root and Green Crops 0.8% 1.42

Other Crops 0.6% 3.32

Source: Behan (2003) and own calculations.

Agriculture is subject to a National Climate Change Strategy reduction target of 10% as 

part of Ireland’s efforts to meet its Kyoto Protocol targets (DoE, 2000). Reductions are to 

be achieved through a combination of reduced output and improved technology. The 

largest proposed source o f reductions is fertiliser use, where lower usage is sought as a 

result of using alternative inputs to production, such as manure, and also by decreasing the 

production of commodities that use fertiliser as an input. Agricultural land converted to 

forestry becomes a Carbon sink for the sequestration of emissions, which counts towards 

the agricultural target. Table 1.2 shows the proposed sources o f emission reductions.
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Table 1.2 GHG Reduction Targets for the Agricultural Sector

Mt CO2 equivalent

Agricultural emissions, 1990 18.61
Minus reductions from:
National herd (stocking) 0.50

National herd (feeding regimes) 0.70

Fertiliser use 0.90

On-Farm Forestry Sequestration 0.25

Manure Management 0.06

Total 2.41
Equals Emissions target, 2008 16.82

Source: DELG (2000)

Although the MTR was not specifically designed to reduce GHG emissions, it does signal 

the end of a policy which encouraged agricultural production, and in particular, beef cattle 

which are the largest contributor to agricultural GHG emissions. Therefore, the MTR is 

anticipated to have some effect on GHG emissions. For this reason, along with the 

economic results presented in Chapter 4, changes in emissions are also included.

1.4 General equilibrium modelling
For this thesis, the second version of the Irish Model of Agriculture, General Equilibrium 

(IMAGE2) was created. This is a comparative static, general equilibrium model, providing 

comprehensive coverage of the Irish economy. IMAGE, its predecessor developed by 

O’Toole and Matthews (2002a, 2002b), was used to analyse the effects on the Irish 

economy of the MacSharry Reform and Agenda 2000 (O’Toole 2001) and the 2001 

outbreak of foot and mouth disease in the UK (O’Toole et al, 2002).

Computable General Equilibrium (CGE) modelling is characterised by several features 

from which it takes its name. First, it is General, which refers to its coverage of all agents 

in the economy. Typically, the models contain profit maximising or cost minimising firms, 

utility maximising households, investors, government, and an overseas sector.

Second, the models contain a pricing system to ensure that the markets for commodities 

and the factors of production are cleared in accordance with the specified economic
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environment. That is, an Equilibrium  solution is found in which the pricing mechanism is 

used to ensure there is no excess demand or supply, unless otherwise specified (for 

example, the modeller may not expect the labour market to clear in a short run simulation). 

In this way, the modeller incorporates economic constraints such as resource availability, 

exchequer deficits, and the trade balance.

Third, the use o f real data providing numerical solutions makes the model Computable. 

This makes CGE modelling o f practical relevance in gaining insight into real world 

problems. For example, CGE models have been used to evaluate the effects o f changes in 

tariffs, other taxes, technological change, wage setting, commodity pricing, and 

environmental policy. Quantitative results are produced for variables such as GDP, the 

real exchange rate, industry inputs and outputs, commodity prices, and environmental 

variables such as greenhouse gas emissions.

Forerunners to CGE modelling include the Input-Output models o f Leontief in the 1930s 

(Leontief 1936), however, these are not considered to be true CGE models due to their 

inadequate specification o f behavioural equations and a price system. The field o f  CGE 

modelling originated with Johansen’s (1960) model o f the Norwegian economy. This 

inspired the ORANI model o f the Australian economy (Dixon et al 1982). First developed 

during the 1970s to analyse tariff policy, it has been under continuous use and 

development in Australia ever since. Parmenter (2004) estimates that ORANI has been 

used in over 500 policy applications to date. ORANI developed to have highly 

disaggregated industries, a regional dimension, and eventually evolved into the dynamic 

MONASH Model (Dixon and Rimmer 2002). In Australia, ORANI and MONASH have 

been used in a wide variety o f projects, including analysis o f Australia’s Goods and 

Services Tax (Dixon and Rimmer 1999), the economic impact o f drought, evaluation o f 

climate change policy, and evaluation o f labour market policies. Outside Australia, the 

generic ORANI-G model (Horridge 2003) has provided the starting materials for many 

other single country models, including models o f Japan, Thailand, Indonesia, China, South 

Africa, and Denmark. The IM AGE model o f  Ireland used in this thesis is also a member 

o f the ORANI-G family. A very significant descendant o f the M ONASH family is the 

USAGE-ITC dynamic CGE model o f the USA (Dixon and Rimmer 2004). Finally, the 

Global Trade Analysis Project (GTAP) (Hertel 1997) is a world-wide effort to build, 

maintain and use a multi-regional world CGE model.
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Early CGE models were comparative static. In this type o f model, a given situation in the 

economy (say the current year) is compared to the “policy” situation, in which a shock, 

such as an increase in certain taxes, is applied. Results are expressed in deviations from 

the initial situation, and should be interpreted as the difference between the situation 

following the shock, after all agents have made their optimising decisions according to the 

model specifications, and the situation which would otherwise have been had the policy 

not been implemented. This method is particularly useful for finding the allocative effects 

o f  policy changes. For example, results from the comparative static analysis in this thesis 

reveal the extent o f the redistribution o f agricultural resources following a change in 

subsidy payments.

Dynamic CGE models extend comparative static analysis to provide a superior description 

o f  the adjustment process following a policy shock. In particular, dynamic models track 

the accumulation o f capital stock and foreign liabilities, and explicitly model the 

adjustment process in the labour market. This type o f model is used to provide and 

compare forecasts with and without policy changes. Apart from adjustment processes, 

about which comparative statics say very little, the difference bctv/een comparative static 

and dynamic models is particularly important when finding aggregate or macro effects of 

policy change. For example, results from the MONASH model showed that the 

introduction o f  the Goods and Services Tax (GST) in Australia would have an adverse 

effect on domestic tourism. Because the share o f tourism in GDP was forecast to grow 

strongly, the dynamic model found a greater effect on GDP than would have been found 

using a comparative static model.

The strength o f  CGE modelling in comparison to other methods, such as econometric time 

series modelling, is particularly evident when analysing events for which there is little or 

no historical precedent. CGE modelling provides a framework in which parameter 

estimates and data are combined with economic theory to provide insight into responses to 

economic shocks. On the other hand, the strength o f  time series analysis is in revealing 

and explaining historical trends, which is less useful when trying to predict a response to 

an event which is not on historical record. For example, traditional time series methods in 

the 1970s failed to predict that the sharp increase in oil prices would have a significant 

effect on the world economy. Such an increase had never occurred in the past, therefore 

time series modelling had not established a strong link between the price o f oil and other
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parts o f the economy. The framework o f CGE modelHng, using econometrically estimated 

elasticity parameters to complement the theoretical specification o f  cost minimising or 

profit maximising producers and utility maximising consumers, was better able to combine 

past experience with economic theory to provide more useful insights into the effect o f the 

oil crisis.

Another popular modelling tool, the Input-Output model, traces out the linkages between 

different sectors in the economy similarly to CGE models. However, Input-Output results 

tend to overstate good news, by having inadequate limitations on resource availability, the 

government budget deficit, and the balance o f trade. Input-Output multipliers imply that 

stimulation o f an industry has positive flow-on effects to upstream and downstream 

industries, while not addressing problems such as where the extra factors o f production 

come from (what happens to the wage rate?), who buys the extra produce (if we replace 

imports, what happens to the exchange rate, and what happens to traditional export 

industries?), and how assistance to any particular industry is funded (what happens to the 

government budget?). CGE modelling, while preserving the detailed linkages present in 

Input-Output modelling, also deals with these questions by imposing economy-wide 

constraints.

1.5 Thesis Outline
The theory and data o f IMAGE2 are described in detail in Chapters 2 and 3. In Chapter 4, 

the simulation o f the MTR is described and results are presented. Chapter 5 contains 

future directions for the IMAGE2 model, and Chapter 6 contains conclusions.

Although there is very little originality in the theoretical specification o f a comparative 

static CGE model. Chapter 2 contains some novel features. The creation o f the Income 

Table, similar in structure to the Input-Output Table, provides an alternative representation 

o f economic data which is simple, yet retains all o f  the information contained in a Social 

Accounting Matrix (SAM).

Other additions to IMAGE2 relate to the representation o f  agricultural policy. Provisions 

for direct payments, decoupled payments, and export subsidies are carefully added to the 

original IMAGE/ORANI specification. The budget for agricultural subsidies also requires 

special treatment, because unlike most subsidies, it belongs to the EU, not to the domestic
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government. Further, the nature of the MTR is that the total value o f the new decoupled 

payments is equivalent to the old direct payments, so the budget equation is essential to 

ensure this. The CAP dairy quota is modelled explicitly using a method designed by Bach 

and Pearson (1996) for modelling bilateral trade quotas in GTAP. Greenhouse gas 

emission accounts are another additional feature included in the model.

The creation o f the IMAGE2 database is described in Chapter 3. Relating to 2003, this is 

the most detailed and current CGE database created for Ireland. The creation of the 

database involved compiling statistics from many sources, mostly within the Central 

Statistics Office o f Ireland (CSO). The backbone of the database is the Input-Output table 

for 1998 (CSO 2004), with two fundamental changes. Macroeconomic data and various 

other pieces o f information were used to project the data forward to 2003. The single 

commodities Agriculture and Food were disaggregated into 14 and 6 commodities 

respectively. As such, the 48 commodity Input-Output table for 1998 was transformed into 

a 66 commodity Input-Output table for 2003. The technique used to “fill the gaps” or 

estimate values for unavailable data was a novel application of the RAS technique. This 

technique is often used by modellers to update databases where the row and column totals 

for a matrix are known, but the elements are not. The RAS technique used in Chapter 3 

was able to simultaneously target row and column totals, various sub-totals, and totals for 

groups of rows or columns where individual totals where unknown.

Simulation results are presented in Chapter 4. These are the most detailed results for 

Ireland from a CGE simulation of the MTR. As discussed in Chapter 4, CGE simulations 

o f the MTR have been conducted for the EU as a whole, using the GTAP model, which 

provide some results at the single country level. CGE simulations have been conducted in 

respect o f several other EU member states, using single country models. There have also 

been a number of partial equilibrium studies of the MTR, for both Ireland and other EU 

member states.

Future directions for the model are described in Chapter 5. Two significant areas of 

development are identified. First, the incorporation o f dynamics into the model represents 

the next major step in the development o f the model. Given the strong pastoral orientation 

o f Irish agriculture, herd dynamics is of particular relevance to agricultural policy 

modelling. Because stocking decisions are made a number of years in advance of
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receiving any return, agricultural producers are especially vulnerable to adjustment costs. 

Second, the addition o f a regional dimension to the model would enhance simulation 

results. This is also particularly interesting in the agricultural context, given the disparity 

between urban and rural incomes, and the differences in agricultural activity and 

profitability across the rural areas o f Ireland. A strength o f  CGE modelling is that it 

enables the identification o f winners and losers. With a single region model, it is possible 

to identify effects on industries, and correlate the effects with regions if  there is an obvious 

link. For example, changes in agriculture affect rural areas. A regional dimension to the 

model enables a more rigorous and detailed approach to the measurement o f  regional 

effects.
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CHAPTER 2: The IMAGE2 Model

2.1 Introduction
IMAGE2 is a comparative static, general equilibrium, single region model o f the Irish 

economy. The objective of this chapter is to describe the model in detail. Predecessors to 

IMAGE2 are IMAGE (O’Toole 2001, O ’Toole and Matthews 2002a, 2002b), ORANI-G 

(Horridge 2003), and ORANI (Dixon et al, 1982). The ORANI model of the Australian 

economy was first developed in 1975, and has been used in policy studies since 1977, with 

over 500 subsequent policy applications (Parmenter 2004). Novel features of ORANI, 

which have become characteristic of ORANI type models, include multiproduct industries, 

margins industries, and the incorporation o f the Armington structure which enables 

differentiation between domestic and imported products.

ORANI-G, a generalised version of the Australian ORANI model, has been used as a basis 

for building models of countries as diverse as South Africa, Vietnam, Thailand, Denmark, 

and China, as well as the IMAGE model of Ireland. The IMAGE model was developed by 

O’Toole (2001) as his PhD thesis. It was initially used to analyse the effects o f the 

MacSharry and Agenda 2000 reforms o f the Common Agricultural Policy. It has since 

been used for an analysis of the Foot and Mouth Disease outbreak in Ireland and the UK 

(O ’Toole et al 2002). While ORANI-G provided the theoretical backbone for IMAGE, 

IMAGE also incorporated several important additional features.

Firstly, O’Toole and Matthews (2002a) compiled a detailed 34 sector database representing 

the Irish economy, with particular emphasis on the agricultural and food processing 

sectors. They also extended the household sector to identify three household types, and the 

Rest of the World sector to identify three export destinations. Common Agricultural 

Policy (CAP) payments were identified as a component of transfers from the Rest o f the 

World account. CAP export refunds were represented as subsidies on exports, and direct 

payments were represented as subsidies to land.
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Advances in IMAGE2 include more detailed and accurate modelling o f CAP instruments, 

including subsidies and quota restrictions, closer attention to the link between the dairy and 

cattle sectors via the production o f calves, and the facility to calculate changes in 

greenhouse gas emissions. 1MAGE2 also uses an updated database for the year 2003, 

which identifies 66 industries and 67 commodities and is described in full in Chapter 3.

IMAGE2 is solved using the GEMPACK software (Harrison and Pearson 1996), which 

provides a framework for solving a large system o f non-linear equations with negligible 

linearisation error, by using the multi-step Euler solution process. A further technical 

innovation in GEMPACK, first used for the ORANI model, is the capacity to swap pairs of 

exogenous and endogenous variables. This enables flexibility in the assumptions 

underlying a simulation. For example, the model can be used to simulate policy responses 

in either the short run, with fixed capital stocks and endogenous employment, or the long 

run, by allowing for exogenous labour supply and endogenous capital. Another example 

o f a closure swap is to endogenise policy instruments to target required outcomes for 

variables such as prices, quantities or income.

Five broad categories o f “Agents” are identified in IMAGE2, and within each category, a 

finer level o f disaggregation exists. These are:

• Firms: 66 Industries (full list available in Appendix 2.1);

• Investors: For 66 Industries (full list available in Appendix 2.1);

• Households: 3 Household types (Urban, Farm, and Rural Non-Farm);

• Rest o f World: 3 Destinations (UK, Rest o f EU, Rest o f World); and

• Domestic Government.

The agents produce and use:

• Goods and services: 67 commodities, including 3 margin commodities, from 2 

sources (domestic and imported); and

• Primary Factors: Capital, 3 types o f  Labour, and 3 types o f Land.

Full lists o f  the Commodity types are shown in Appendix 2.1.

In addition, there are:
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• Taxes and Transfers: Domestic direct and indirect taxes. Common Agricultural 

Policy subsidies, and other transfers; and

• Savings: The agent’s residual income after accounting for all expenses.

In the remainder o f  this chapter, the specifications o f  the IMAGE2 model are described in 

detail. In Section 2.2 the IMAGE2 data tables are used as the basis for describing the 

market clearing and budget constraint conditions. The model’s price relationships, 

including some instruments o f  the CAP, are discussed in Section 2.3. The equations 

describing agent decision making are introduced in Section 2.4. Greenhouse gas modelling 

is described in Section 2.5. Finally, Section 2.6 o f this chapter discusses the model 

solution method, including the Johansen and Euler methods for solving non-linear 

equations, and the choice o f closure.

2.2 The Data Tables: Market Clearing and Budget 
Constraints

2.2.1 Structure of the Data Tables

The schematic data tables presented in this section are intended to be used as an aid to 

understanding the theoretical structure o f  the model, and the importance o f  the initial 

solution. However, even on their own, the IMAGE2 data tables provide a comprehensive 

source o f information about the Irish economy. The information is presented in two tables. 

The tables are structured such that the budget constraints o f each agent, and the market 

clearing for each commodity, can be readily observed. The structure bears resemblances to 

both an Input-Output table and a Social Accounting Matrix (SAM).

Leontief (1936) pioneered the use o f Input-Output tables when he built the first Input- 

Output table o f  the US economy, in which 19 industries and commodities were identified. 

In a traditional Input-Output table, the columns represent the expenditures o f different 

agents, typically being industries, investors, households, rest o f the world, and government. 

The row totals represent the total sales o f  goods and services.

While providing a comprehensive representation o f commodity flows in the economy, the 

Input-Output tables do not contain information about income flows to particular agents.
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For example, an Input Output table does not reveal whether Gross Operating Surplus 

accrues to foreign or domestic agents.

On the other hand, the SAM is a single table that presents income and expenditure data 

using a system of single-entry accounting, by recognising that every expenditure item is 

also an income item. Each of the conditions required for a balanced database (i.e. every 

commodity market must clear, and every agent’s budget must balance) is represented by 

equating a row sum with the corresponding column sum. As such, the SAM presents 

agents and commodities in parallel.

The tables in this thesis provide an alternative representation of this information, where the 

Input-Output table shows expenditures, and the Income table contains the income flows of 

the agents, instead of the expense flows. The Income Table consists o f all the same row 

headings as the Input-Output Table, and an additional two rows for Taxes and Transfers, 

and Savings.

This pair of tables applies the detailed structure o f a traditional Input-Output table to both 

income and expenditure of all economic agents. In order to have a balanced database, 

markets must clear for every commodity, or costs must equate to sales, and for every agent 

budgets must be balanced, or income must equate to expenditure. The market clearing 

condition can be verified from the tables by ascertaining that corresponding row totals are 

equal in the two tables, while the budget constraints are met if  the corresponding column 

totals are equal. These tables provide the reference point for many of the model equations.

Tables 2.1 and 2.2 represent the structure of IMAGE2’s double Input-Output table. Data 

refer to flows in a particular year, the base year of the model. In the Input-Output 

component (Table 2.1), the flows in columns 1 to 7 are in producer prices, while the flows 

in Column 9 are in basic prices. The price concepts used in IMAGE2 follow the SNA93 

standard (UN 1993) and are described in Appendix 2.2. The notation used in the tables is 

described in a short note following the tables.

The remainder of this section is devoted to describing the tables. The columns, which 

represent the income and expense flows of each agent, are described in Section 2.2.2. The 

rows, which represent costs and sales o f each commodity, are described in Section 2.2.3.
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T able 2.1 Input -  O utput T able

1 2 3 4 5 6 7 = sum (l to 6)
(  = Col. 7, Table 2.2)

8 9 = 7  + 8

Industry Invest
ment

House
holds

Rest of 
World

Govern
ment

Stocks Total use, producer price Product
Subsidy/Tax

Total use, basic price

dim'* i i h d I / /
I commodity

(domestic)
c VI BAS V2BAS V3BAS V4BAS V5BAS V6BAS Total use of domestic 

commodities
VOSUB Total use of domestic 

commodities
2 commodity

(imported)
c VI BAS V2BAS V3BAS V5BAS V6BAS Total use of imported 

commodities'® (= “M”)
-  VOTAR Total use of imported 

commodities"
3 margins csm VI MAR V2MAR V3MAR V4MAR V5MAR Total use of margins
4 quota rent c VIQUO Total quota rent
5 sales tax cs VI TAX V2TAX V3TAX V4TAX 

-  S4EXP
V5TAX Total payment of indirect 

taxation

6 labour 0 VOLAB Total domestic use of 
labour

7 capital I VOCAP Total domestic use of 
capital

8 land I VOLND Total use of land
9 other costs I VI OCT Total other costs
10 labour subs. 0 -S IL A B Total subsidies to labour
11 capital subs. I -S IC A P Total subsidies to capital
12 land subsidy 

Total

I -S IL N D
-  DECOUP

Total prod’ll 
costs

“C” “X” “G”

Total subsidies to land

’ “Dim” refers to matrix dimensions. See note on notation.
Producer prices for imports are equivalent to “landed duty paid” prices.

"  Basic prices for imports are equivalent to “cost, insurance, freight” prices.



Table 2.2 Income table

1 2 3 4 5 6 7 = sum (I to 6)
(  = Col. 7, Table 2 .1)

Industry Investment Households Rest of World Government Stocks Total
dim i i h d / /

1 commodity
(domestic)

c MAKE -  VOSUB Domestic producer income 
from sale o f  com modities

2 commodity
(imported)

c VOCIF VOTAR ROW  income from sales of 
com m odities to Ireland

3 margins csm 12

4 quota rent c VI QUO Total income, quota rent

5 sales tax c -  S4EXP V IT A X  + V2TAX 
+ V3TAX + V4TAX 

+ V5TAX

Total collection o f  indirect 
taxes and subsidies

6 labour 0 V3LABINC V4LABINC Total labour income

7 capital I VGOSSAV V3GOSINC V4GOSINC V5GOSINC Total net GOS income from

8 land I -  V 4G 0SEX P -V 5 G 0 S E X P dom estic activities
+ VGOSTAX

9 other costs I

10 labour subs. 0 - S I L A B Payment o f  labour subsidy

I I capital subs. I - S I C A P Payment o f  capital subsidy

12 land subs. I - S I L N D - D E C O U P Payment o f  land subsidy

13 net transfers h + 
d  + 

1

V33TRA + V43TRA 
+ V53TRA -  V33TRA 
-  V 3 4 T R A -V 3 5 T R A

V34TRA + V54TRA
-  V43TRA
-  V45TRA

V35TRA + V45TRA 
-V 5 3 T R A -V 5 4 T R A

Total net transfer income = 
ZERO

14 Total
income

Industry
revenue

nil Household income ROW income from 
Ireland

Government revenue nil Total income

15 Total, T2 .1  
-  row 14

1 -  VGOSSA y VPRIVCAP
(part)

-  V3SAV -  V4SA V -  VSSAK VPRIVCAP
(part)

Net savings = ZERO

Included in M AKE in ordinary domestic com m odity row



Note on Notation

Throughout this thesis, frequent use is made of variable names used in the 1MAGE2 code. 

As a rule of thumb, uppercase characters represent levels, while lowercase denote 

percentage change. The heuristics in Table 2.3 cover most names used in IMAGE2.

Table 2.3 IMAGE2 Naming reference table

First character: 
type of item

Second character: 
agent identifier

Index in brackets: 
set qualifier

V (levels) and w (percentage 
change) denote value 
X  denotes quantity 
p  denotes price 
a denotes taste or 
technology
/denotes an exogenous 
‘shift’ (e.g. a shift in a 
demand curve which is not 
explained by the model)

1 represents producers
2 represents investors
3 represents households
4 represents rest of world
5 represents government
6 represents stocks
0 is not specific to any agent

c for commodity 
s for source 
1 for industry 
h for household type 
d  for export destination
0 for occupation
1 for land type
m for margin commodity

The remainder of the name is usually self-explanatory. For example;

• V3BAS(c,s,h) is the value of Commodity c from Source 5 used by Household type 

h, valued at producer prices.'"*

• plprim(i) is the percentage change in the price of the primary factor composite paid 

by industry /.

• VOLND(o,i) is the value received by owners of land of occupation o employed in 

industry i.

An underscore followed by a set indicator represents a total. For example, x4_d(c) is the 

percentage change in the volume of exports of commodity c, to all destinations.

Note that “levels” o f output and price are not often referred to in the model. The initial assumption is that 
all producer prices are equal to 1, and the units in which output is measured are defined accordingly.

The use o f “BAS” to denote producer prices instead o f basic prices is somewhat confusing. In the original 
ORANI-G specification, no distinction is made between basic and producer prices. However, VIBAS is 
actually valued in producer prices, according to the SNA93 definition. The original ORANl-G naming is 
preserved in the IMAGE2 specification because it is applied to CGE models all over the world. To complete 
the confiision, in IMAGE2, pOpro(c) denotes the basic price of commodity c.
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2.2.2 Budget Constraints and Price Indexes: The Columns

In IMAGE2, every agent is subject to a budget constraint. This implies that the total o f the 

expense column (Table 2.1, Row 13) for each agent equates to the total o f the income 

column, including the residual (0, Row 14 + Row 15). This section describes the income 

and expense accounts for each agent, starting with Industries.

2.2 .2.1 Column 1: Industries

The expense items for industry i are as follows:

Description Value (Column 
1, Table 2.1)

Real component Price
component

Commodity c from Source 5 
(domestic or im.ported) for use 
as intermediate input to 
production, producer price

V lBA S(c,s,i) X l(c,s,i) PO(c,s)

Margin type m on commodity c 
from source s

V lM AR(c,s,i,m ) X lM AR(c,s,i,m ) PO(m,“dom”)

Quota rent paid on domestically 
produced commodity c

V lQ U O (c,i) X l(c ,“dom”,i) Pl_Q (c,i)

Indirect tax on commodity c 
from source 5. T1 is the 
pow er’  ̂o f  the tax. T1 < 1 
signifies a subsidy.

V lTA X (c,s,i) X l(c,s,i) PO(c,s)
* ( T l ( c ,s , i ) - l )

Labour costs for occupation o V lLA B(i,o)
-S lL A B (i,o )

X lLA B(i,o) PlLAB(i,o)

Land costs for land type / V lLN D (i,l) 
-S lL N D (i,l)  

-  DECOUP(i,l)

X lLN D (i,l) PlLN D (i,l)

Capital costs V lC A P(i)
-S lC A P (i)

X ICAP(i) PlCA P(i)

Other costs V lO C T(i) X lO CT(i) PlO CT(i)

The power o f  a tax is equal to the ratio o f  the purchaser price to the producer price. This is equivalent to I 
+ rate o f  tax. Thus the power o f  a 10% tax is 1.1.
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Each o f these value flows is equal to the product o f  its price and real quantity. Without 

loss o f generality, in the initial database, we assume that all producer prices are equal to 1, 

by appropriately defining the real component o f each flow. Hence PO(c,s) = 1 is the 

producer price o f  commodity c from source s.

Following from the 1998 Input-Output table (CSO 2004a), three types o f  margin 

commodities are identified in IMAGE2. These are M otor Transport Services, Wholesale 

Trade, and Retail Trade. These commodities are treated as both normal commodities and 

margin commodities. Only domestically produced margin commodities are included in 

IMAGE2, and margins are assumed not to be taxed, hence the price o f the margin 

commodity is PO(m,“dom”). The quantity o f  the margin commodity, XlM AR(c,s,i,m ), 

used to facilitate the flow X l(c,s,i), is assumed to vary in direct proportion to that flow.

The quota component is a new feature for IMAGE2 and is explained in detail in Appendix 

2.3. This feature was introduced to reflect the Common Agricultural Policy’s quota on 

milk production. Producers o f milk under the quota earn super-normal profits, when they 

sell milk to the milk processing industry. However, there is no quota on milk produced for 

use on the farm or in the farm household. Therefore, the super-normal profit is treated in 

the same way as a sales tax on flows o f milk to the milk processing industry, represented 

by V lQ UO (c,i). Unlike a tax, which accrues to the government, V lQ U O (c,i) accrues to 

Farm Households. V lQ U O (c,i) is only defined where c is an Agricultural commodity.'^

Expenditure on Land, Labour and Capital is given in purchasers’ prices, that is, the price 

paid after subsidies are deducted. The two types o f subsidy on land are an ordinary 

subsidy on land (SlLN D (i,l)), and the CAP Mid Term Review decoupled payment 

(DECOUP(i,l)), which is described in greater detail in Section 2.3.3.

Other costs represent production taxes less production subsidies. There is no particularly 

useful interpretation o f  the real and price components o f this flow, which is typically small.

Industry income is derived from sales o f commodities. In IMAGE2, most industries 

produce a single commodity. However, multiproduct industries are also possible. For

There is also a quota on sugar production but it is not m odelled  explicitly  in IM AGE2.
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example, the Dairy industry produces both Milk and Calves, and the Cattle industry 

produces both Cattle and Calves. The income items for industry / are as follows:

Description Value (Column 
1, Table 2.2)

Real
component

Price
component

Commodity c from Source s (domestic or 
imported) for use as intermediate input to 
production, basic price

MAKE(c,i) Q l(c,i) POPRO(c)

Undistributed profits VGOSSAV

The MAKE matrix shows the income, or composition of output, of the model’s industries. 

MAKE(c,i) represents the income of industry i derived from sales o f commodity c. The 

flows in the MAKE matrix are valued in basic prices (POPRO(c)), the price received by the 

producer after taxes and subsidies.

The budget constraint, or zero pure profits condition, for Industry / requires that the sum of 

the income items is equal to the sum of the expense items, or

V\BAS{c,s,i)+V\TAX{c,s,i) ' 

+ y^y \M A R {c ,s ,i ,m )
meMAR

Eq. 2.
Y^MAKE(c,i)^ X Z

ceCOM ceCOM s&SRC

+ Y .^\Q U O {c,i)+  ^ [F 0 Z .^ 5 (/,o )-S lI /i5 (/,o )]
ceClAGRI oeOCC

+ Y ,  [VOLND{i, l) -  S\LND{i, /) -  DECOUP{i, /)]
ULND

+ [V\CAP{i)-S\CAP{i)]+ V\OCT{i)
\fi e IND

According to this budget constraint, undistributed profits (VGOSSAV) are a residual. This 

will be discussed further in Section 2 .2 .3 .8 . Given that the budget constraint holds in the 

initial database, the model solution preserves the budget constraint by appropriately 

defining the percentage changes in inputs, outputs, and prices.

23



Equation 2.2 is Equation 2.1 given in percentage change form,’  ̂recalHng that lowercase is 

used to denote percentage change.

ceCOM

MAKE{c, /) • {pOprojc) + q\{c, /)) Eq. 2.2

(F1 BAS{c, s ,  i) + V\TAX{c, s ,  /)) • [pQ{c, s )  + /l(c, s ,  i) + xl(c, a', /))'

+ ^  FIMAR(c, s ,  i, m) ■ (/?0(w," dom") + x\mar{c, s ,  i, w))
ceCOM  seSRC

meMAR

+ '^V\QUO{c,i )-{p\  _q{c,i)+ x\{c," dom” ,i))
ceCiAG RJ

+ ^ { V  OLAB{i, o) — S\LAB{i, o)) • (pUab(i, o) + xllab(i, o))
oeOCC

+ ^  (FOLND(i, l) -  S\LND{i, l) -  DECOUP{i, /)) • {pUnd{i, l) + x\lnd{i, /))
leLND

+ (y]CAP{i)-  S\CAP{i))-{p\cap{i)+ xlcap{i))
+ V\OCT{i){p\oct(i)+  xloc/(/))

V/ G IND

18Equation 2.3, which appears in the model code, equates the average percentage change in 

output price received by an industry to the average percentage change in input price paid 

by an industry.

(all,i,IND)
sum{c, COM,MAKE (c, i) * pOpro(c)} = Eq. 2.3
sum{c,COM,MAKE(c,i)} * pitot(i)

where the price index for expenditure by industry i, pltot(i) is defined in the model as 

follows:

(all,i,IND)
sum{c, COM, MAKE (c, i) } * pltot(i) Eq. 2.4
= sum{c,COM,sum[s,SRC,(VIBAS(c,s,i)

+ VITAX(c,s,i)) * (tl(c,s,i) + pO(c,s)]}
+ sum{c,COM,sum[s,SRC,sum{m,MAR,VIMAR(c,s ,i,m)

The rules for converting equations into percentage change form are given in Appendix 2.4. 
Refer to Appendix 2.5 for a key to the TABLO language.
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* pO(m,"dom")}]}
+ sum{c,ClAGRI,VlQUOTA(c,i) * pl_q(c,i)} 
+ sum{o,OCC,VILAB(i,o) * pllab(i,o)}
+ sum{l,LND,VlLND(i,1) * pllnd(i,l)}
+ VlCAP(i) * plcap(i)
+ VIOCT(i) * ploct(i)

At this stage it is sufficient to say that, for each industry, the percentage change in real 

output is equal to the percentage change in real inputs.*^ Therefore,

ceCOM

= I  I
ceCOM seSRC  

ceCM G/y

- K
oeOCC

+

'^MAKE{c,i)-q\{c,i) Eq. 2.5

{V\BAS{c, s, i) + V\TAX{c, s, /)) • x\{c, s, i j  

+ Y,V \M AR{c, s , i,m)- x\mar{c,s,i,m)
me.MAR

+ Y.^\QUO{c,i)-x\{c,"dom'',i)
eC\AGJU

Y^{VOLAB{i,o)~ S\LAB{i,o))- x\lab{i,o)
sOCC

Y^{VOLND{i,l)- S \LN D {i,l) -  DECOUP{i,l))-x\lnd{i,l)
leLND

+ {VOCAP{i)-S\CAP{i))-x\cap{i)
+ V\OCT{i)x\oct{i)

V/ e IND

Adding together Equations 2.4 and 2.5 and substituting in Equation 2.3, the percentage 

change form of the zero pure profits condition (Equation 2.2) is found. Along with a 

balanced initial database, this ensures that the zero pure profits condition also holds in the 

model solution.

The detailed equations describing each industry’s choice o f  outputs and inputs are dealt with in Section 
2.4.1 on Agent Behaviour.
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2 .1 .2.2 Columns 2 and 6: Investment and Stocks

Investment expenditure is separately identified for all industries in 1MAGE2. Expenditure 

for industry / simply consists o f expenditure on domestically produced and imported 

commodities (V2BAS(c,s,i)), plus margins (V2MAR(c,s,i,m)) and taxes (V2TAX(c,s,i)), 

as listed below.

Description Value (Column 2, 
Table 2.1)

Real
component

Price
component

Commodity c from Source 5 
(domestic or imported), 
producer price

V2BAS(c,s,i) X2(c,s,i) PO(c,s)

Margin type m on commodity c 
from source s

V2MAR(c,s,i,m) X2MAR(c,s,i,
m)

PO(m,“dom”)

Indirect tax on commodity c 
from source 5. T2 is the power 
o f the tax. T2 < 1 signifies a 
subsidy.

V2TAX(c,s,i) X2(c,s,i) PO(c,s)
* (T 2(c,s,i)- 1)

Accumulation of stocks of commodity c from source s is identified in Column 6 of Table 

2.1 by V6BAS(c,s). No margins or taxes are considered on these flows.

Investment and stock accumulation activities generate no income, in the current period. 

Therefore, the item VPRIVCAP in the income residual in 0 is equal to total expenditure on 

all investment and stock accumulation.
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2 .2 .2 .3  Column 3: Households

Three types o f household are identified in IMAGE2. These are Urban, Farm, and Rural 

Non-Farm.

Expenditure by household type h consists of:

Description Value (Column 
3, Table 2.1)

Real component Price
component

Commodity c from Source s 
(domestic or imported)

V3BAS(c,s,h) X3(c,s,i) PO(c,s)

Margin type m on commodity c 
from source s

V3MAR(c,s,m,h) X3MAR(c,s,m,h) PO(m,“dom”)

Indirect tax on commodity c 
from source s. T3 is the power 
o f the tax. T3 < 1 signifies a 
subsidy.

V3TAX(c,s,h) X3(c,s,h) PO(c,s)
* (T 3 (c ,s ,h )- l)

The household price index for household type h, p3tot(h), is a weighted average of the 

prices o f household consumption goods and services. That is,

(all,h, HOU)
V3T0T(h) * p3tot(h) Eq. 2.6
= sum{c,COM,sum[s,SRC,(V3BAS(c,s,h)
+ V3TAX (c, s, h) ) * (t3(c,s,h) + pO(c,s)]}
+ sum{c,COM,sum[s,SRC,sum{m,MAR,V3MAR(c,s,m,h)

* pO(m,"dom"}]}

where V3T0T(h) is total consumption by household type h. Note the use o f the basic price 

pO(c,s), which is the same price used in the calculation of pltot(i) in Equation 2.4.

The Consumer Price Index, p3tot_h, is a weighted average of the household price indexes.
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Household income for household type h consists of:

Description Value (Column 3, Table 2.2)

Quota rent (Farm households only) VlQUO(c,i)

Labour income from occupation o V3LABINC(o,h)

Gross Operating Surplus (GOS) income, or returns to 
land and capital

V3G0SINC(h)

Transfers from Government, Rest of the World, and V53TRA(h) + V43TRA(h)
household type k, net o f transfers to Government, Rest + V33TRA(k,h) -  [V35TRA(h)
of World, and household type k. + V34TRA(h) + V33TRA(h,k)]

In the model, the real and price components are not identified separately for household 

income items.

The household budget constraint for each household type balances by deriving Savings 

(VHOUSAV) as the difference between household income and household expenditure.

Although not strictly a transfer, income tax paid by household type h is included in the 

item V53TRA(h). In the model, there is no link between household income and income 

tax. For the simulations carried out in this thesis, this is not an important omission. 

However, it would need to be addressed if the model were to be used for a detailed analysis 

o f income tax.
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2.2 .2 .4  Column 4: Rest of the World

In IMAGE2, the Rest of the World (ROW) is divided into three destinations, the UK, the 

rest of Europe (EU15), and the rest of the world.

Expenditure by destination d  consists of;

Description Value (Column 4, 
Table 2.1)

Real
component

Price
component

Commodity c (domestic only) V4BAS(c,d) X4(c,d) PE(c,d)

Margin type m on commodity c V4MAR(c,m,d) X4MAR(c,m,d) PO(m,“dom”)

Indirect tax on commodity c. T4 
is the power of the tax. T4 < 1 
signifies a subsidy.

V4TAX(c,d) X4(c,d) PE(c,d)
* (T 4 (c ,d )-l)

Negative of CAP export subsidy 
on commodity c. T4EXP is the 
power of the subsidy. T4EXP < 
1.

-  S4EXP(c,d) X4(c,d) PE(c,d)
* (T4EXP(c,d) 

- 1 )

Several interesting features of Rest of the World expenditure can be noted. Firstly, there is 

no “source” identifier on export expenditure, because all goods and services are assumed to 

be domestically produced.

Secondly, two types of tax or subsidy are separately identified. This is necessary because 

V4TAX is a tax or subsidy levied by the domestic government. On the other hand, S4EXP 

is the CAP export subsidy, which is funded from the EU budget. While the power of the 

domestic tax, T4, may be greater than or less than 1, signifying either a tax or a subsidy, 

the power of the CAP subsidy, T4EXP, is always less than or equal to 1.

Finally, the producer price for exports (PE(c,d)) differs from that faced by the domestic 

agents (PO(c,“dom”) ). This feature is discussed further in Section 2.2.3.1 on market 

clearing.

Note that “dom” always refers to the source o f  the good, not the consumer.
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In the ROW income account, the destinations are not separately identified. Total ROW 

income consists of;

Description Value (Column 4, 
Table 2.2)

Real component Price
component

Commodity c, imported 
by Irish Industry /, 
Investors for Industry i. 
Household h, and 
Government

Returns to land and 
capital employed in 
Ireland, net of returns to 
Irish owned land and 
capital employed abroad

Returns to foreign 
owned labour employed 
in Ireland

Transfers from 
Government and 
household type h, net of 
transfers to Government 
and household type h.

Negative of funding of 
the Common 
Agricultural Policy, for 
agricultural industry i or 
agricultural commodity c

VOCIF(c)
= VlBAS(c,“imp”,i) 
+ V2BAS(c,“imp”,i) 
+ V3BAS(c,“imp”,h) 
+ V5BAS(c,“imp”)

-  VOTAR(c)

V4G0SINC -  
V4G0SEXP

V4LABINC

V54TRA + 
V34TRA(h) -  
[V45TRA + 
V43TRA(h)]

-S lL N D (i,l) 

-  DECOUP(i,l)

-  VOSUB(c)

-  S4EXP(c,d)

X 1BAS(c,“imp”,i) PO(c,”imp”) /
+ X2BAS(c,“imp”,i) TOIMP(c)
+ X3BAS(c,“imp”,h)
+ X5BAS(c,“imp”)

not separately identified

not separately identified

not separately identified

XILND(i,l)

XlLND(i,l)

XOCOM(c)

X4(c,d)

POLND(i,l)
* (T lL N D (i,l)- 1)

POLND(i,l)
* (T ID E C (i,l)- 1)

PO(c,“dom”)
* (l/TOOUT(c)- 1)

PE(c,d)
* (T4EX P(c,d)- 1)

The Rest of the World’s income from Irish imports of commodity c is valued at the c.i.f. 

(cost, insurance, freight) price, denoted VOCIF(c). At present this is a purely theoretical 

consideration because tariffs are not explicitly included in the current version of the 

IMAGE2 model (VOTAR(c) = 0 for all c).
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Unlike most taxes and subsidies, which are collected or funded by the domestic 

government, CAP subsidies are funded from the EU budget, so they are included as a 

negative item in the ROW income account.

As for other agents, the ROW budget constraint is balanced by deriving Savings (V4SAV) 

in the model as the difference between income and expenses. Hence,

V4SAV = -  (X -  M) + NFR Eq. 2.7

where

M = total imports (VOCIF)

X = total exports (V4BAS + V4MAR + V4TAX -  S4EXP)

and NFR = net foreign receipts (Net factor income and net transfers to ROW less CAP 

subsidies).

Thus V4SAV represents the negative of the balance on the current account.

Expenditure on commodities (basic value plus margins and taxes) is identified by three 

destinations, the UK, rest o f EU, and rest of the world. However, the other components of 

expenditure, and all components of income are not distinguished by destination. Therefore 

the Rest of the World budget constraint balances in aggregate but is not considered at the 

more detailed level.

2 .2 .2.5 Column 5: Government

Government expenditure consists of:

Description Value (Column 5, 
Table 2.1)

Real
component

Price
component

Current expenditure on domestically 
produced and imported commodities 
for government consumption

V5BAS(c,s) X5(c,s) PO(c,s)

Margin commodities V5MAR(c,s,m) X5(c,s,m) PO(m,”dom”)

Indirect taxes. T5 is the power of 
the tax. T5 < 1 signifies a subsidy.

V5TAX(c,s) X5(c,s) PO(c,s)
* (T 5 (c ,s ) - l)
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Government income consists of:

Description Value (Column 5, Table 2.2)

Revenue from indirect taxes V1TAX +V2TAX 
+ V3TAX + V4TAX 

+ V5TAX

Revenue from tariffs VOTAR

Revenue from company tax VGOSTAX

GOS income from government owned assets, less interest 
payments

V5G0SINC -  V5G0SEXP

Transfers from Rest of the World and household type h. V45TRA + V35TRA(h)
net o f transfers to Rest of the World and household type h. -  [V54TRA + V53TRA(h)]

Negative of funding of subsidies other than the Common 
Agricultural Policy where i represents industries other 
than agriculture.

-[S lC A P (i) + SlLAB(i,o)]

In the model, the real and price components are not identified separately for government 

income items.

Similarly to Households and the Rest of the World, the Government budget constraint is 

balanced by deriving Savings (VGOVSAV) as the difference between income and 

expenses. This item represents the exchequer surplus.

2.2.3 Market Clearing and Commodity Prices: The Rows
In IMAGE2, all markets are assumed to clear, that is. Costs = Sales for every commodity, 

including goods and services and factors of production. This implies that for every row in 

Tables 2.1 and 2.2, the row totals (shown in Column 7 of each table) in the two tables are 

equal.

2 .2 .3.1 Rows 1 and 3: Domestic Goods and Services

Goods and services are bought by all agents. Income from each domestically produced 

commodity accrues to the industry or industries which produce it. This information is 

shown in the MAKE matrix (Table 2.2), which is equivalent to the Supply Table at basic 

prices in the published Input-Output tables (CSO 2004). Therefore, for any commodity c,
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the domestic commodity market is balanced if the sum of industry income from sales of 

the commodity is equal to the sum of expenditure on this commodity.

As shown in Table 2.1, purchases of domestically produced non-margin commodity c are 

made by:

Description Value (Row 1, 
Table 2.1)

Real
component

Price component

Industry i for use in current 
production

VlBAS(c,“dom”,i) X l(c ,“dom”,i) PO(c,“dom”)

Industry i for investment V2BAS(c,“dom”,i) X2(c,“dom”,i) PO(c,“dom”)

Household h V3BAS(c,“dom”,h) X3(c,“dom”,h) PO(c,“dom”)

Export destination d V4BAS(c,d) X4(c,d) PE(c,d)

Government V5BAS(c,“dom”) X5(c,“dom”) PO(c,“dom”)

Accumulation of stocks V6BAS(c,“dom”) X6(c,“dom”) PO(c,“dom”)

Purchases of margin commodities are more complex, because these commodities are used 

as both ordinary goods, and as flows to facilitate consumption of other goods. For 

example, motor fuel purchased by household type h is recorded under 

V3BAS(“C28MotorServ”, “Dom”, h) as an ordinary flow, whereas the cost of transport 

used to facilitate the sale o f Beef to the UK is recorded as V4MAR(“C12PcBeef’, 

“DOIUK”, “C28MotorServ”). Purchases of domestically produced margin commodity m 

are as follows:
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Description Value (Rows 1 and 
3, Table 2.1)

Real component Price component

Ordinary purchase by 
industry i for use in 
current production

VlBAS(m,“dom”,i) X l(m ,“dom”,i) PO(m,“dom”)

Ordinary purchase by 
industry z for investment

V2BAS(m,“dom”,i) X2(m,“dom”,i) PO(m,“dom”)

Ordinary purchase by 
household h

V3BAS(m,“dom”,h) X3(m,“dom”,h) PO(m,“dom”)

Ordinary purchase by 
export destination d

V4BAS(m,d) X4(m,d) PE(m,d)

Ordinary purchase by 
Government

V5BAS(m,“dom”) X5(m,“dom”) PO(m,“dom”)

Ordinary accumulation 
o f stocks

V6BAS(m,“dom”) X6(m,“dom”) PO(m,“dom”)

Margin on flow of 
commodity c from source 
5 to industry i for use in 
current production

VlMAR(c,s,i,m) XlMAR(c,s,i,m) PO(m,”dom”)

Margin on flow of 
commodity c from source 
s to industry / for 
investment

V2MAR(c,s,i,m) X2MAR(c,s,i,m) PO(m,”dom”)

Margin on flow of 
commodity c from source 
s to household h

V3MAR(c,s,h,m) X2MAR(c,s,h,m) PO(m,”dom”)

Margin on flow of 
commodity c to export 
destination d

V4MAR(c,d,m) X4MAR(c,d,m) PO(m,”dom”)

Margin on flow of 
commodity c from source 
s to government

V5MAR(c,s,m) X5MAR(c,s,m) PO(m,”dom”)

Note that PO(c,s) is the producer price o f commodity c from source s for domestic use, 

while PE(c,d) is the producer price of commodity c exported to destination d. This feature 

is incorporated into the model to enable producers to have some market power in charging 

different prices to the domestic and export markets. The percentage change in the average

34



producer price of domestically produced commodity c, pOcom(c), is a weighted average 

between the percentage changes in the domestic price pO(c,“dom”) and the export price 

pe(c,d). In the model code:

(all, c, COM)
pOcom(c) = [1. 0-EXPSHR_D (c) ] *pO (c, "dom" ) Eq. 2.8

+ sum{d,DES,EXPSHR(c,d)* pe(c,d)};

where EXPSHR_D(c) is the share o f exports in total sales o f commodity c, and 

EXPSHR(c,d) is the share o f exports to destination d  in total sales of commodity c.

Sales of domestically produced commodity c, both margin and non-margin, are made by 

industries, that is:

Description Value (Row 1, 
Table 2.2)

Real
component

Price component

Income from production by 
industry /

MAKE(c,i) Ql(c,i) POPRO(c)

Less CAP Subsidy contribution 
(where c denotes agricultural 
commodities)

-  VOSUB(c) Ql_I(c) POPRO(c)
* (1 -TOOUT(c))

where XOCOM(c) = XI J ( c ,  “dom”) + X2_I(c, “dom”) + X3_H(c, “dom”) + X4_D(c) + 

X5(c, “dom”) + X6(c, “dom) is the total usage of non-margin commodity c.^'

Because of the incorporation of the commodity subsidy, VOSUB(c), the market-clearing 

condition is slightly different from the ORANI-G market clearing condition. In the model, 

the market clearing condition is given by:

(all,c,COM)
MAKE_I (c) *xOcom(c) Eq. 2.9

= sum{i,IND, MAKE(c,i)*ql(c,i) };

The exposition for margin com m odities is similar, but also includes margin usage o f  com m odities.
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The model equation for the relationship between the basic price of domestically produced 

commodity c, POPRO(c) and the producer price POCOM(c), in percentage change terms, is

( a l l ,  c ,  COM)

p O p r o ( c )  = pOcom(c)  - t O o u t ( c )  Eq. 2.10

Rearranging slightly and adding together Equations 2.9 and 2.10, we find

xOcom{c)+ pOcom{c)= V {̂ q\{c, /) + /70/?ro(c) +/Oow/(c)) ^
m a k e  _l[c)

On the LHS o f equation 2.11 is the percentage change in demand (Row 1, Table 2.1), 

while on the RHS is the percentage change in supply (Row 1, Table 2.2). Thus if the 

initial database is balanced, the model solution will also be balanced.

2 .2 .3.2 Row 2: Imports

Imports are purchased by all agents except the Rest of the World (i.e. there are no re

exports), while income from imported commodities accrues to the Rest of the World. The 

import markets are straightforward because import income simply accrues to the Rest of 

the World as a single agent. This is simply calculated by adding up all import expenditure 

at producer prices, less tariffs.

The basic price o f imported commodity c, in domestic currency, changes according to the 

following equation:

( a l l ,  c ,  COM)

p O ( c ,  "imp")  = p f  O c i f  (c) + p h i  + t O im p( c )  Eq.2.12

where PFOCIF(c) is the foreign currency price o f imported commodity c (a naturally 

exogenous variable), PHI is the nominal exchange rate in €/Foreign currency, and

In the IMAGE2 database, all tariffs are set to zero, however, the specification o f the model does allow for 
tariffs.
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TOIMP(c) is the power of the tariff on commodity c (TOIMP(c) > 1 impHes that commodity 

c is protected).

2 .2 .3.3 Row 4: Quota Rent

Quota rent is treated as a margin. It does not affect either the basic price or the producer 

price. In IMAGE2, all quota rent accrues to the farm household, because the only 

commodity produced under quota is Milk. The fijll detail of the quota module is given in 

Appendix 2.3.

2 .2 .3.4 Row 6: Labour

Labour is purchased by industries, and sold by domestic households and the Rest of the 

World. There is only one item in the labour expenditure row:

Description Value (Row 6, Real Price
Table 2.1) component component

Labour occupation o, used by VOLAB(i,o) XlLAB(i,o) POLAB(i,o)
industry i

Note that this flow is given at producer prices. However, the distinction between 

purchasers’ and producer’s prices is captured, with the labour subsidy matrix SlLAB(i,o), 

which enters the industry budget constraint.

Labour can be supplied by both local households and foreign workers. Hence in the 

“labour” row of 0, we have:

Description Value (Row 6, 
Table 2.2)

Real Price 
component component

Labour occupation o, sold by household V3LABINC(o,h) X3LAB(i,o) POLABJ(o)
type h

Labour occupation o, sold by foreigners V4LABINC(o) not separately identified

The distinction between domestic and foreign labour is important for the calculation of 

GNP. Labour income to foreigners is simply derived as the difference between the
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industry wage bill and domestic household labour income, thus ensuring that the labour 

market is always balanced. In IMAGE2, the real and nominal components o f this item are 

not considered.

In IMAGE2, there is no distinction made between the producer and basic prices o f a unit of 

labour. Following the SNA93 price definitions, the producer price is the wage paid by the 

employer, while the basic price must be the wage received by the labourer, after deducting 

income tax. This treatment would correctly reflect the labourer’s incentive to enter the 

labour market. However, the treatment in IMAGE2 is to simply model income tax as a 

transfer from the household sector to the government. This is sufficient for applications
23which do not require detailed labour market results.

2 .2 .3.5 Rows 7 to 9: Non-Labour Factors of Production

The remaining factors o f  production are Capital, Land, and Other Costs.^'* Returns to these 

factors are considered in aggregate as Gross Operating Surplus, or normal profits. 

Expenditure on these items is by Industries, Rest o f the World, and Government. Income 

accrues to Households, Rest o f the World, and as both GOS income and company taxes to 

Government. The difference between factor expenditure and GOS income is undistributed 

profits (VGOSSAV), which is recorded in the industry income account.

As with labour, accounting for GOS income to the rest o f  the world is necessary for the 

calculation o f GNP.

2 .2 .3.6 Rows 5,10 to 12, and Column 8: Taxes and Subsidies

In IMAGE2, four types o f taxes or subsidies are identified. Subsidies are treated as 

negative taxes, so they appear in the income accounts o f  the tax collecting agent (usually, 

but not always, the domestic government) as negative income items. Ireland’s 

participation in the EU adds some complication to the income accounting o f taxes and 

subsidies. CAP subsidies are paid from the EU budget, while all other taxes and subsidies 

are collected or funded by the domestic government.

This representation would not be adequate for a study o f  policies to reduce unemployment, particularly if  
income tax was reduced to target the disincentive to work.

In IMAGE2, this item is a small residual, and included with factors o f  production for convenience.
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Firstly, commodity subsidies (VOSUB(c)) are paid to the domestic producers of 

commodities. In IMAGE2, CAP direct payments are represented as commodity subsidies. 

These subsidies are provided by the EU budget, so they appear on the Rest o f the World 

account. Secondly, import tariffs (VOTAR(c)) are collected by the domestic government. 

The tariff is a tax on the imported commodity, regardless o f the purchaser. Both tariffs and 

commodity subsidies are not specific to any purchaser, so they are included in the 

commodity rows in the data table. These taxes or subsidies form the wedge between basic 

and producer prices.

Thirdly, indirect taxes (VlTAX(c,s,i) etc) are levied by the domestic government, on the 

sale of any commodity from any source, to any purchaser, hence every purchaser may pay 

a different tax rate for the same commodity. Examples include wholesale sales taxes, 

petrol excise, or cigarette taxes. CAP export subsidies also fall into this category. 

However, this subsidy is funded by the EU. Fourthly, 1MAGE2 also identifies factor input 

subsidies. For example, the CAP decoupled payment is represented as a subsidy to 

agricultural land. For the agricultural industries, factor input subsidies are paid by the EU, 

whereas for non-agricultural industries, they are paid by the domestic government. These 

types of subsidies form the wedge between basic and purchaser prices, in both commodity 

and factor markets.

2 23 .1  Row 13: Transfers

Transfers are made between Households, the Rest of the World, and the Government. 

These items simply appear as expense items in the accounts of one agent, and income 

items in the accounts of another. Examples of items which rightfully belong here include 

foreign aid, and disability pensions. In IMAGE2, transfers also include some items which 

would be more appropriately treated as taxes, such as income tax. It could also be argued 

that other items which affect the incentive to participate in the labour market, such as 

unemployment benefits, should be treated as taxes or subsidies.
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2 .2 . 3.8 Row 15: Savings and Investment

The items in the residual row are:

Description 1MAGE2 name

Column 1: Undistributed profits (negative of) -VGOSSAV

Column 2 & 6: Funding of investment VPRIVCAP

Column 3: Household saving (negative of) -V3SAV

Column 4: ROW saving (negative of) -V4SAV

Column 5: Government surplus (negative of) -V5SAV

If Rows 1 to 13 are balanced, then it holds that

VPRIVCAP = VGOSSAV + V3SAV + V4SAV + V5SAV Eq. 2.13

Defining domestic savings, S = VGOSSAV + V3SAV + V5SAV, and total domestic 

investment, I = VPRIVCAP, equation 1.13 can be rearranged to give

S - I  = -V4SAV Eq.2.14

Combining Equations 2.14 and 2.7 we find the recognisable macro identity relating net 

foreign investment (LHS) to the net balance on the current account (RHS):

S - I  = X - ( M  + NFR) Eq. 2.15

This identity is not explicit in the model. If  the database is balanced, then this identity will 

hold. If Equation 2.13 does not hold, then the database is not balanced. Therefore, 

Equation 2.13 provides a simple check of whether the database is balanced. In the 

IMAGE2 code, the following lines ensure that the model cannot run if the database is 

unbalanced.
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VSAMCHECK = sum(h,HOU, V3SAV(h)) Eq.2.16
+ VGOSSAV + V5SAV - VPRIVCAP + V4SAV;

Assertion abs(VSAMCHECK) < 0.1;

Note the use of the TABLO command “Assertion”. If the statement is not true, the model 

will not run. In this case, the absolute value of VSAMCHECK must be less than 0.1. Due 

to rounding error, requiring VSAMCHECK = 0 would violate the assertion.

2.3 Price Relationships

2.3.1 Link between Producer and Purchaser Prices

Most price relationships in IMAGE2 are straightforward and follow the IMAGE2 or

ORANI-G naming convention. For example, pO(c,s) denotes the producer price of

commodity c from source s, while pl(c,s,i) denotes the purchaser price of commodity c 
from source s for the intermediate purchaser industry /, and p3(c,s,h) denotes the purchaser 

price for household h. The difference between the producer price and any particular 

purchaser price is the taxes and margins paid by the purchaser. For example, the IMAGE2 

equation for pl(c,s,i) is:

(all,c,COM)(all,s,SRC)(all,i,IND)
[VlPUR(c, s, i) + TINY] *pl(c, s, i) Eq. 2.17
= [VIBAS (c, s, i)+V1TAX (c, s, i) ] *

[pO(c,s)+tl(c,s,i)]
+ sum{m,MAR, VIMAR(c ,s,i,m)

* [pOdom(m)+almar(c,s,i,m)] }
+ ISDOM(s) * [VIBAS(C,s,i)+VlTAX(c,S,i)] *

mu (c, " i n t ")

+ ISDOM(s) * sum[d,ClAGRI:d=c,
IDOl(VlQUOTA(d,i)) * pl_q(d,i)];

Equation 2.17 contains a number of interesting features. The simple relationship between 

most producer prices and purchaser prices is given by the first two terms on the RHS, 

which cover the tax and margin components. The third term on the RHS is the mark-up, 

which allows for imperfect competition in the model. This feature is not used in any
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simulations in this thesis, so mu is always exogenously set to 0. Note the term ISDOM(s) 

in the third and fourth terms on the RHS. This is a flag or coefficient which takes the value 

1 for domestic and 0 for imported. Therefore the third and fourth terms can be ignored for 

calculating import prices. The fourth term on the RHS is the mark-up for quota rent. 

Recall that quota restrictions only apply to some purchasers therefore quota rent is specific 

to those purchasers’ prices.

Two further GEM PACK tricks can be noted in Equation 2.17. Firstly, V lQ U O TA (c,i) is 

defined over agricultural commodities only. The “sum” command sidesteps the need for 

VI QUOTA to be defined in the price equations for non-agricultural commodities. 

Secondly, the TABLO function IDOl(X) replaces the coefficient X with the value 1, if
25X=0. This eliminates zero coefficients which may cause a smgular matrix. Note the use 

o f  the term TINY in the LHS coefficient, which has a similar effect.^^

Accounting for the Common Agricultural Policy (CAP) in IMAGE adds some complexity 

to the price relationships. There are three types o f subsidy represented in IMAGE2 : direct 

payments, decoupled payments, and export refunds. These are discussed in the following 

three sub-sections, and the final sub-section deals with the CAP budget as represented in 

IMAGE2.

2.3.2 Direct payments

CAP direct payments are modelled as a wedge between the producer price and the basic 

price. This relationship is given by Equation 2.10 (page 36). The relationship between the 

prices and the value o f the subsidy payment is important, particularly for keeping track o f 

the CAP budget. The subsidy rate on commodity c, TOOUT(c), is defined as

E ,.2 .18

 ̂ ’ M A K E _ l{c )

For example, consider the equation Aa = Bb + Cc, where b and c are exogenously given (or solved by 
another equation). If A = B = C = 0, then a is indeterminate. Given that A = 0, this does not matter in a 
practical sense, but it prevents the model from solving (the coefficient matrix is singular). If we rewrite the 
equation as ID01(A)a = Bb + Cc, it becomes la  = Bb + Cc, which solves to give a = 0.
26 71NY = 0.000000001. This method is less accurate but is still in use as it predates IDO1.
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Note that if  commodity c is subsidised, then TOOUT(c) < 1.

The value o f the change in the subsidy payment, del VOSUB(c),^^ is calculated as follows. 

Rearranging 2.18,

VOSUB{c) = M A K E _1{c)^ -T O O U T { c)) Eq. 2.19

^  100 • c/e/ _ VQ)SUB{c) = (l -  T W U T {c ))  ■ MAKE _ l{c) ■ make _ i{c) Eq. 2.20
-  M AKE_l{c)-TOOUT{c)-tOout{c)

where

n Eq 2.21
MAKE _  l{c)make _  i{c) = ^  MAKE{c, i\pOcom{c) -  tOout(c) + q\{c, /))

/=!

Substituting Equations 2.19 and 2.21 into Equation 2.20, we find the model equation:

(a l l ,c ,C O M )

100 * del_V O SU B (c) Eq. 2.22

= VOSUB(c) * s u m [ i , I N D , {m a k e (c , i ) / M A K E _ I ( c ) }

* ( p Oc o m( c )  + q l ( c , i )  - tO o u t  (c) ) ]

- [MAKE 1 ( c )  - VOSUB(c) ]  * t O o u t ( c ) ;

2.3.3 Decoupled payments

In the Mid Term Review, the decoupled payment is non-distortionary. Decoupled 

payments are modelled in IMAGE2 as a flat-rate subsidy to land. Given that land is in 

fixed supply, the flat-rate subsidy does not influence any production or input decisions. 

The decoupling rate, TODEC(i,l), is defined as

Note that this is an ordinary change variable, unlike most model variables which are percentage change. 
This is necessary because VOSUB(c) = 0 for many commodities.
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TODEC{i,l)
VQLND{i , l )-DECOUP{i, l)  

VOLND{i,l)

Eq. 2.23

where DECOUP(iJ)  is the decoupled payment to land o f  type / used by industry i.

It follows from this definition that the change in the value o f the decoupled payment, 

del_DECOUP(i,l), is given in the IMAGE2 code by

(all,i,IND)(all,l,LND)

DECOUP(i,l) * (pOlnd(i,1)+xllnd(i,1))
- [VOLND(i,l) - DECOUP(i,l)] * tOdec(i,l);

Shift variables are used to ensure that the decoupling rate is the same in all industries, as 

follows:

(all,i,IND)(all,l,LND)
tOdec(i,l) = fOdec_il + fOdec_l(i); Eq. 2.25

I f  fDdec_l(i) is exogenous, then the decoupling rate is the same in all industries. This shift 

tenn is included to allow some exceptions to eligibility for the decoupled payment, as 

mandated in the MTR.

2.3.4 Export refunds

Export refunds are represented as a subsidy on exports. The treatment is very similar to 

V4TAX (domestically levied taxes on exports) but CAP export refunds are kept separately 

because V4TAX accrues to the domestic government, while CAP refunds are paid by the 

Rest o f the W orld account. Purchasers’ prices for exports in IMAGE2 are given by:

(all,c,COM)(all,d,DES)
[V4PUR (c, d) +TINY] *p4 (c, d) Eq. 2.26
= [V4BAS(c,d)+V4TAX(c,d)-S4EXP(c,d)]

* (pe(c,d) + mu (c, "exp"))
+ [V4BAS (c,d)+V4TAX(c,d) ] * t4(c,d)

100 * del_DECOUP(i,1) Eq. 2.24
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+ [V4BAS(c,d)-S4EXP(c,d)] * t4exp(c,d)
+ sum{m,MAR, V4MAR(c,m,d)

* [pOdom(m)+a4mar(c,m,d)] };

In practice, export refunds are small and this is an insignificant part o f the model.

2.3.5 CAP budget constraint

The MTR switch from Direct payments to Decoupled payments was budget neutral. 

Therefore a budget constraint is included in IMAGE2.

sum [ 1, LND, sum (i, IND, del_DECOUP (i, 1) ) ] Eq. 2.27

= - sum(c,COM,del_VOSUB(c)) + f_decoup;

To apply a budget neutral shift from Direct payments to Decoupled payments, the 

following variables need to be exogenous:

f_decoup turns on the budget constraint (Eq 1.31)

del_VOSUB(c) shock variable

f_decoup_il, ensures that the decoupling rate is the same for all industries

f_decoup_l(i)

The endogenous variables are tOdec(iJ) and del_DECOUP(i,l).

2.4 Agent Behaviour: Firms, Investors, Households, Rest 
of World, and Government

The data as described in the previous sections provides the initial equilibrium position for 

the economy. The initial position describes an underlying set o f technology, tastes, 

endowments, and taxes. In this section, agent decision making is discussed. The 

theoretical framework o f IMAGE2 assumes that producers are cost minimisers, while 

households are utility maximisers. The model is used to examine how agents’ decisions to 

supply and demand commodities react to changes in the underlying conditions.
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2.4.1 Industries
Input and Output decisions are assumed to be separable. That is, industry i decides which 

commodities to produce based on relative producer prices, and decides which inputs to use 

based on cost minimisation, independently of which commodities are being produced.

2 .4.1. 1 Composition of output

The model uses a Constant Elasticity of Transformation (CET) structure to determine the 

composition o f industry output. In principle, this has a similar structure to the CES 

production function. Industries will favour the production o f commodities for which they 

receive higher prices. The model equation describing the output decision is

(all,c,COM)(all,i,IND)
q l ( c , i )  Eq. 2.28

= xltot(i)
+ SIGMAIOUT(i) * [pOpro(c) - pltot(i)];

28where SIGMA lOUT(i) is the elasticity of transformation for industry /.

The output and transformation effects can be clearly seen in Equation 2.28. Given no 

change in relative prices (pOpro(c) = pltot(i)), we have the output effect:

q\{c, /) = x\tot{i) Eq. 2.29

That is, the percentage change in commodity c produced by industry i is equal to the 

percentage change in output from industry /, or industry i simply expands or contracts its 

production of all commodities by the same proportion.

However, if  pOpro(c) > pltot(i), or the price received for commodity c increases relative to

average costs in industry /, then industry i will choose to transform production in favour of

commodity c. The extent of the transformation is given by the elasticity SIGMAlOUT(i). 

Recall that all results are expressed in terms of percentage change. Therefore, if  an

Note that SIGMA lO UT(i) = 0 implies that industry / produces commodity output in fixed proportions. 
This is the case, for example, in the dairy industry, where calves and milk are produced in fixed proportions.
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industry does not produce a particular commodity in the initial solution, then it will never 

produce that commodity in the model solution.

Industries must also decide whether to supply the local or export market. Again, they will 

favour the market in which they receive higher prices. The assumption underlying this is 

that industries have some power to differentiate their products. It enables the model to 

capture a situation where a change in world prices is not completely passed on to domestic 

prices. The CET equation is o f  a similar structure as Equation 2.28.

(all,c,COM)(all,d,DES)
x4(c,d) = xOdom(c) Eq. 2.30

+ (1/TAU(c )) * [pe(c,d) - pO(c,"dom")]

where TAU(c) is the CET elasticity for exports.

2 .4 .1 .2  Composition of inputs

Firms are assumed to be cost minimisers subject to production constraints. Hence they 

choose their inputs based on the relative prices o f the inputs, and any changes in input 

augmenting technology. A number o f  composite input commodities are defined. Each 

intermediate input is defined as a composite o f the domestically produced and imported 

commodity. The Value-added composite comprises Labour, Land and Capital. The model 

uses a nested structure o f Leontief and CES production functions to represent industry 

production technology. This is illustrated in Figure 2.1 below.
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Figure 2.1 The structure of inputs to production

Activity Level

Leontief

Good 1 Good n Primaiy Factor Composite

CESCES CES

dom dom Land Labour Capitalimp imp

CES CES

type 2 type 3 Occ Occ 2 Occ 3type 1

2.4.L2.2 Intermediate inputs (domestic and imported composite)

At this level, the model assumes Leontief technology, hence there is no substitution 

between intermediate inputs. The percentage change in the quantity o f an input used 

would only differ from the percentage change in total output if  input augmenting 

technological change occurred. In the TABLO language;

(all,c,COM)(all,i,IND)
xl_s(c,i) - al_s(c,i) = xltot(i) + altot(i); Eq. 2.31

2.4.1.2.3 Intermediate inputs by source

Domestic and imported inputs are assumed to be imperfect substitutes. To represent this, 

the Armington elasticity is used in a CES production function to determine the substitution 

between domestic and imported intermediate inputs. The derivation o f the input function 

o f a cost minimising agent facing a CES production function is as follows:
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The CES production function is o f the general form

r  = A
c r - 1

V 1=1

( T - l

Eq. 2.32

where Y  is total output

A is output augmenting technical change

Bi is input augmenting technical change on input i

Xj is the quantity o f input i

cris a parameter, cr> 0 and cr^ \. (The interpretation o f cris explained below)

For any given industry, denote the purchaser’s price o f input i as P,. Using the Lagrange 

multiplier technique to minimise total costs subject to the production constraint, we find

L{X„.\ )  = t . P , X - A
l = \

<7 - 1  ^

V <=i

(T- 1

Eq. 2.33

with first order conditions

P. =■

<7-1

A Y
T - l  1

K v J '  xj
;=i

Eq. 2.34

From here the budget share 5, for input commodity i can be derived as

1- ( T

.  F.X, jP J B , )

t ,̂Xj \ - < J

;=i

Eq. 2.35

If we now assume zero pure profits, we find that the output price is
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I B , f
/=1

I

1 - ( T
Eq. 2.36

which in percentage change form is

P = J^S,p,-^S,h,-a
Eq. 2.37

;= l / = l

where lowercase denotes percentage change. The first term in this equation shows that the 

change in the output price is a share weighted sum o f the changes in the input prices. The 

second and third terms show how the output price responds to changes in specific input 

augmenting technology and Hicks neutral technology respectively.

The input function is now derived as

miB,)
Eq. 2.38

The percentage change form o f this equation is

X i + b , = { y - a ) - ( j { { p , - b , ) - { p  + a)}  Vz e  Eq. 2.39

In this form, the role o f a , the CES elasticity, can be clearly seen. In the absence o f  any 

price or technology changes, the first term on the RHS gives the expansion effect. That is, 

a percentage increase in output must be met by an equal percentage increase in all inputs. 

However, if  the relative prices o f inputs change, the industry will substitute away from 

expensive inputs and in favour o f  cheaper inputs. This effect is shown in the second term 

on the RHS. The magnitude o f the effect is governed by the value o f a .

Also note that the function exhibits constant returns to scale. This can be seen by taking 

the share weighted sum of all inputs, to find that the substitution term sums to zero, as 

follows:
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1=1 V  (=1

Eq. 2.40

From equation 2.40 we can substitute the share weighted sum of the input price terms, to 

find

n

E  = {y -  a)-Cj{{p + a ) - { p  +a)}
/=1

^ 5 , ( x ,  +Zj, )  =  ( > ; - o )

Eq. 2.41

Eq. 2.42

1=1

This equation structure is used in the composite commodity nest between domestic and 

imported commodities. The higher is the value of the Armington elasticity, the more 

substitutable are domestic and imported commodities. In the TABLO code,

( a l l , c , C O M ) ( a l l , s , S R C ) ( a l l , i , I N D )  

x l ( c , s , i )  -  a l ( c , s , i )

= x l _ s ( c , i )

-  S I GMAl ( c ) * [ p i ( c , s , i ) + a l ( c , s , i )  -  p l _ s ( c , i ) ] ;

Eq. 2.43

where SIGMAl (c) is the Armington elasticity for commodity c.

The percentage change in margin usage is assumed to be the same as the percentage 

change in the corresponding basic flow, that is:

( a l l , c , C O M ) ( a l l , s , S R C ) ( a l l , i , I N D ) ( a l l , m , M A R )

x lm a r  ( c ,  s , i , m) = x l ( c , s , i )  + a lm a r  ( c , s , i , m) ; Eq. 2.44

2.4.1.2.4 Value added composite

Aggregate value added in industry i appears in the Leontief top nest in the production 

structure, that is, it is assumed to vary in fixed proportion to output in industry /.
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(all, i, IND)
xlprim(i) - [alprim(i) + flprim_i] = xltot(i) Eq. 2.45

+ altot(i);

where alprim(i) represents all factor technical change for industry /, flprim i represents 

economy wide technological change for all primary factors, and altot(i) represents all 

input technological change for industry i.

The CES production function is used in the Value-added nest. At the first level, the CES 

function is used to determine the mix between Land, Labour and Capital in the Value- 

added composite. The following three equations in the TABLO code determine the first 

level of the Value-added nest.

Labour (occupational composite)

(all, i, IND)
xllab_o(i) - allab_o(i) = xlprim(i) - Eq. 2.46

SIGMAIPRIM * [pllab_o(i) + allab_o(i) - 
plprim(i)];

Capital

(all, i, IND)
xlcap(i) - alcap(i)= xlprim(i) - SIGMAIPRIM * Eq. 2.47

[plcap(i) + alcap(i) - plprim (i)] ;

Land (composite o f  land types)

(all,i,IND)
xllnd_l(i) - allnd_l(i) - allnd_il = xlprim(i) Eq. 2.48

- SIGMAIPRIM * [pllnd_l(i) + allnd_l(i) + 
allnd_il - plprim(i)];

The terms allab_o(i), alcap(i), and allnd_l(i) represent technological change in industry i
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for labour, capital, and land respectively. A further technological change term, allnd  il, 

represents technological change for land in all industries.

2.4.1.2.5 Labour by occupation

I  hree occupations are identified in the IMAGE2 model. Within the Labour nest, a CES 

function is used to determine the occupational mix o f  Labour. In the TABLO code,

(all,i,IND)(all,o,OCC)
xllab(i,o) = xllab_o(i) - SIGMAILAB * Eq. 2.49
[pllab(i,o) - pllab_o(i)];

2.4.1.2.6 Land by soil type

A similar structure exists in the Land nest, to determine the mix o f  land types used. Three 

types o f land are identified in the model. High quality land is used by all agricultural
29sectors. Medium quality land is used by the Livestock sectors and Forestry. Low quality 

land is used by the Forestry sector only. The distinction between types o f land limits the 

possibility o f  unrealistic changes in land use.

In the TABLO code,

(all,i,IND)(all,l,LND)
xllnd(i,l) - allnd(i,l) = xllnd_l(i) - Eq. 2.50
SIGMAILND * [pllnd(i,l) - pllnd_l(i)];

It is now possible to verify Equation 2.5 (page 25). Using Equations 2.28 and 2.3, it can be 

shown that the LHS o f Equation 2.5 is:

^^MAKE{c, i) -q\{c,i)=: x\tot{i)- '^MAKE{c , i) Eq. 2.51
ceCOM ceCOM

Using Equation 2.1,

M ilk, Cattle, Sheep, and Other L ivestock
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Y ,M A K E {c ,i)  q\{c,i) Eq. 2.52

V \B A S {c ,s j )+  V \TA X {c ,s , i)

X  ^  ^  V \M A R (c,s , i ,m )
'.COM seSRC ^  V  ’  ’  ’  /

meMAR

+ Y ,^ \Q U O {c ,i) -x \ to t{ i )

+ Y ! \yO L A B { i ,o ) -S \L A B { i ,o ) \x \ to t{ i )

+ ^  [VQLND{i,l)~ S \LND {i,l)  -  DECOUP{i,l)] ■ x\tot{i)

+ \y \C AP {i)-S \C AP {i)]  ■ x\tot(i) 

+ V\OCT{i)-x\tot{i)

Using Equations 2.31 and 2.43 to 2.50, it can now be seen that the RHS o f Equation 2.52 is 

equivalent to the RHS o f Equation 2.5.

2.4.2 Investors
The allocation o f investment between industries can be determined in two ways. 

Investment by industry can simply be linked to aggregate investment, or it can be allocated 

according to the relative profitability o f  the industries. As in the ORANI model, a 

combination o f these approaches is used in IMAGE2.

Firstly, investors are assumed to be cautious. An increase in the capital stock in industry i 

will cause the rate o f  return in that industry to fall. This relationship holds for all 

industries:

where (0) refers to the current time period and (1) refers to the next time period, and yS is a 

positive parameter. If  the capital stock does not change, then the rate o f return does not 

change. If  the capital stock increases {XlCAPj(l) > XlCAPi(O)), then the rate o f return 

will fall {RlCAPj(l) < RlCAPi(O)), and vice versa.

Secondly, in industries where investment is determined according to profitability, funds are 

allocated such that the future rate o f  return is equal across all industries. That is:

nCAP,{x)=RXCAP,(4^^^^,\ x \capX̂ )

Eq. 2.53
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R\CAP^{[) = D. / e {endogenous investment industries} Eq. 2.54

The term Q may be interpreted as the economy wide rate o f return.

Finally, the relationship between the current and future capital stock in all industries is 

determined by investment and depreciation, as follows:

X\CAP^ (l) = X\CAP, (OXI -  cJ) + X2T0T, Eq. 2.55

Combining Equations 2.53 to 2.55, the equation for endogenous allocation of investment in 

ORANI-G and IMAGE2 is

I  x i c a p Xo)

i e {endogenous investment industries}

R\CAP,{0)
Q

^  . X 2 T 0 T
= ( l - ^ )  +

X\CAP,{0) 
i e {endogenous investment industries}

Note that all coefficients in Equation 2.57 refer to the current period. This eliminates the 

need for any future coefficients to be specified explicitly in the model, and the time 

qualifier is not required in the model code. The percentage change form of Equation 2.57 

is:

y j r \ c a p ,  -<o)= - x\cap , )
/ P ^  ' ’ x \ c a p X\)

i e {endogenous investment industries}

X 2 T 0 T
In IMAGE2, as in the ORANI-G model, the investment to capital ratio ---------- tt is

X\CAP,{^)

treated as a parameter. Equation 2.58 appears slightly rearranged in the IMAGE2 code as

( a l l , i , E N D O G I N V )

x 2 t o t ( i )  - x l c a p ( i )  Eq. 2.59

= 0 . 3 3 *  [ r l c a p ( i )  - om ega] + f i n v ( i ) ;
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where finv(i) is an exogenous shift term. The value 0.33 is used for all industries in the

ORANI model, where /? is estimated for every industry, a typical value for P is 30, while a 

typical value o f  the investment to capital ratio is 0.1.

For the remaining industries, investment is determined to move proportionally to aggregate 

investment. This is appropriate in industries where investment is not determined according 

to profitability, such as social services. In IMAGE2, the exogenous investment industries 

are Public Administration (141), Education (142), and Health (143). For these industries,

( a l l , i , EXOGI NV)

x 2 t o t ( i )  - x 2 t o t _ i  = f i n v ( i ) ;  Eq. 2.60

Having determined aggregate investment for each industry, investors follow similar 

behaviour to industries in their purchases o f  commodities. The Leontief structure applies 

to the top nest for purchases o f the composite domestic and imported commodity.

( a l l , c , C O M ) ( a l l , i , I N D )

x 2 _ s ( c , i )  -  a 2 _ s ( c , i )  = x 2 t o t ( i )  + a 2 t o t ( i ) ;  Eq. 2.61

Within each commodity, the CES function is used with the Armington elasticity between 

the domestic and imported commodity.

( a l l , c , C O M ) ( a l l , s , S R C ) ( a l l , i , I N D )

x 2 ( c , s , i )  -  a 2 ( c , s , i )  = x 2 _ s ( c , i )  -  Eq. 2.62

SIGMA2 (c)  * [p2 ( c ,  s ,  i )  + a 2 ( c , s , i )  -  p 2 _ s ( c , i ) ] ;

2.4.3 Households
Households are assumed to maximise utility, subject to a budget constraint. Similarly to 

Industries, a nested structure is used to represent household choices (see Figure 2.2). 

Firstly, the bundle o f commodities is chosen, according to the Stone-Geary utility

ORANI-G model and is considered
1 /  X 2T 0T ,

~Pl x \c a p X\)
In the full
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function^® (Stone 1952, Geary 1950-51^'). Then, in the lower nest, the mixture between 

domestically produced and imported commodities is chosen using the CES function.

Figure 2.2 The Structure of Household Consumption

Stone-Geary

CES CES

domimp impdom

Good nG oodl

Household Utility

The Stone-Geary utility function provides enough flexibility to incorporate different 

income elasticities for each commodity, enabling the model to discern between the 

composition of basic and luxury expenditure on commodities. However, it still provides 

enough structure to significantly reduce the estimation load required for consumption cross 

price elasticities.

The Stone Geary utility function is o f the form

" / X E q. 2 .63

C = 1

where Xc represents total consumption of commodity c, and /?c represents subsistence 

consumption of commodity c. Assume Xc> 0 for all c.

This is also known as the Klein-Rubin utility function fo llow ing Klein and Rubin (1948-49). 
Stone and Geary both cited in D ixon et al (1982)
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To maximise utility subject to the budget constraint, M  = , we use the Lagrange

m ultiplier technique. The Lagrangean is given by

C=1

C=1 C=1

Eq. 2.64

The first order conditions are

P. =
U
A

  C G
Eq. 2.65

From here we find the luxury budget share is a constant.

— = o;* (defined here)
Eq. 2.66

d = l  d = \

where luxury (non-subsistence) consumption is defined as X ]  = X^ -  .

From the budget constraint and the definition o iX * ,  define total luxury expenditure M* as

Eq. 2.67

d = l d = \

. P,X  ̂
=

Eq. 2.68

M

p.

Eq. 2.69

+/?c
Eq. 2.70
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In its percentage change form, with lower-case Roman letters representing the percentage 

change o f uppercase or Greek letters, the household demand function is given by

X
Eq. 2.71

This is represented in 1MAGE2 as

(all,c,COM)(all,h,HOU) 
x3 s(c, h) Eq. 2.72

= B3LUX(c,h)
* [a31ux(c,h) - p3_s(c,h) + w31ux(h)]

+ (1 - B3LUX(c,h)) * x3sub(c,h);

Note the inclusion of the Household identifier (h), which was omitted in the above 

derivation. Also note that x3_ s(c,h) is a composite commodity, that is, a composite of 

domestic and imported commodity c. In the lower nest of the household consumption 

structure, the mix between the domestically produced and imported commodities is chosen. 

Similarly to Industries and Investors, the CES specification is used.

Comparing equations 2.72 and 2.71, it can be seen that B3LUX(c,h) in the IMAGE2 

nomenclature corresponds to Xc*/Xc, the share o f total consumption of commodity c by 

household type h which is luxury consumption. To estimate this parameter, consider the 

household income elasticity, or Engel elasticity, for commodity c. Using the percentage 

change form of the demand function, the income elasticity is defined as

Because and jic are parameters, we have Oc* = be = 0, and Equation 2.74 simplifies to

X Eq. 2.73

m

Eq. 2.74
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The term in brackets needs further consideration. Putting Equation 2.67 into percentage 

change form, we have

Eq. 2.76

Note that there is no change in prices, so pd = 0 for all d  (commodities). Also recall that bd 

= 0. Thus substituting 2.76 into 2.75, we find

He
X , M  

M *

Eq. 2.77

A ',

Eq. 2.78

tL

IVI 32
w h e r e  ^ is the Frisch parameter (Frisch 1959 ). Equation 2.78 appears in the

M

IMAGE2 code as

( a l l , c , C O M ) ( a l l , h , H O U )

B 3 L U X ( c , h )  = -E P S  ( c ,  h ) / F R I S C H  (h)  ; Eq. 2.79

For poorer populations, the Frisch param eter is relatively large, whereas for wealthier 

populations the value is lower, and closer to 1. The derivation above has shown that the 

parameter B3LUX(c,h) in the household demand equation is equivalent to the ratio o f  the 

Engel elasticity and the Frisch parameter.

cited in Dixon and Rimmer (2002).



2.4.4 Rest of World

The demand curve for exports is assumed to be very sHghtly downward sloping. The 

equation for export demand is

(all,c,COM)(all,d,DES)
x4(c,d) - f4q(c,d) Eq. 2.80
= EXP_ELAST(c,d)

* [p4(c,d) - phi - f4pshift(c,d)];

2.4.5 Government

Some flexibihty exists in determining the level o f nominal government expenditure. 

Depending on the choice o f closure, it may be determmed exogenously, or proportional to 

household expenditure.

The composition of the bundle of goods purchased by the government does not change 

endogenously. Government demand for commodity c from source 5 is given by the 

following equation:

(all,c,COM)(all,s,SRC)
x5(c,s) + p5(c,s) Eq.2.81

= x3tot_h + f5tot2 + ashift5(c,s) + f5(c,s);

where ashift5(c,s) and f5(c,s) are naturally exogenous shift variables.

2.4.6 Supply of Factors

IMAGE2 enables some flexibility in the specification of supply schedules for the factors of 

production. For example, we can assume that the supply curve for labour is horizontal and 

the supply curve for capital is vertical. In this case, the real wage rate is assumed fixed, 

while the rate o f return on capital is assumed variable. This is suitable for a short run 

simulation, where adjustments in resource use are made by adjusting labour usage. Hence, 

there may be unemployment in the short term, and capital owners may receive economic 

profit or make losses.
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On the other hand, we could assume that the rate o f  return on capital adjusts to eliminate 

economic profit or loss. This is suitable for a long run simulation, where labour supply is 

determined by events not explained by the model, such as population growth. To capture 

this, the capital supply curve is horizontal, and the labour supply curve is vertical. 

Therefore, results from long run simulations typically show that adjustments are made via 

changes in capital usage, and factor productivity gains are returned to labour.

In IM AGE2, it is also possible to specify factor supply curves between the extremes 

described above. These intermediate supply curves for Capital, Land, and Labour are 

described in the remainder o f this section.

2 .4 .6 .1  Capital

The net rate o f  return on capital employed in industry i is defined as:

P 2 T 0 T

where POCAP, is gross payments to capital, P2TOTj is the investment price index,^^ and 5 

is the rate o f depreciation. Note that there is no industry qualifier on 6, as the rate o f 

depreciation is assumed to be the same in all industries. Assuming the rate o f depreciation 

to be exogenous, Equation 2.82 in percentage change form is:

rlcapj =
mCAP, + S  

RICAP

E q. 2 .8 3
{pOcap, — p2tot^)

The term in square brackets is the ratio o f  the gross rate o f return to the net rate o f return. 

Following from the ORANI model, in IMAGE2 this ratio is treated as a parameter, and 

takes the value 2. Thus Equation 2.83 appears in the IMAGE2 code as:

The derivation o f  p2tot(i) is similar to the derivation o f  the household price index, p3tot(h) (See equation 
2 .6 ).
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(all,i,IND)
rlcap(i) = 2 * (pOcap(i) - p2tot(i)) Eq. 2 .8 4

W ithin the framework o f equations above, some tlexibihty exists to choose an appropriate 

closure. As discussed earlier, in a short-run simulation, xlcap i is exogenous, whereas in a 

long-run simulation, xlcap i is endogenised and rleapt is made exogenous. To enable some 

capital mobility, an extra equation is included to include several shift variables in 

IMAGE2:

(all,i,IND)
rlcap(i) = flcap(i) + f lcap_sec (SEC (i) ) Eq. 2.85

+ flcap_i + 2 * flprim(i)

In a long run closure, which requires rlcap(i) to be exogenous, all four shift variables 

(flcap(i), fl cap_sec(SEC(i)) flcap_i, and flprim (i)) are made exogenous. This effectively 

makes rlcap(i) exogenous, although in the closure it is technically endogenous. In a short 

run closure, flcap(i) is made endogenous, effectively endogenising rlcap(i).

The two shift variables flcap  sec and flcap_i are used to specify intermediate closures. A 

medium-run closure can be specified, where the aggregate capital available to a sector is 

fixed, but capital is mobile between industries within the sector. The 66 industries in 

IM AGE2 are classified into three sectors: Agriculture, Manufacturing, and Services. For a 

closure where sectoral capital is fixed but mobile between industries, flcap_sec(SEC(i))^‘* 

is endogenised and xlcap_sec(SEC(i)) is exogenised, where xlcap_sec(SEC(i)) is defined 

as total capital in sector SEC(i). Effectively, the percentage change in the rate o f  return is 

the same for all industries within a sector.

Another possible medium-run closure which is popular with users o f  GTAP is where 

aggregate capital is fixed but perfectly mobile between industries. In this case, flcap_i is 

endogenised, and xlcap_i is exogenised. In using this closure, the assumption is that 

capital is not specific to any industry, nor to any sector.

This is an example o f  a mapping definition in Tablo. SEC(i) is a mapping variable which defines a 
concordance between the 66 industries and the 3 sectors.
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The final term on the RHS of equation 2.82 is the uniform shifter on all primary factors. 

This is a naturally exogenous variable but may be endogenised, for example, to reflect 

super-normal profits earned in the case of production q u o t a s . F o r  labour and land, the 

shifter appears in the price equations. However, for capital, the price is set according to 

the rate o f return. Therefore, the shifter appears in the rate of return equation, and must be 

doubled in order to have the equivalent effect on the price of capital. As specified in the 

definition of the rate of return, this reflects the ratio of the gross to net rates of return.

2 .4 .6 .2  Labour

As discussed above, the model can be specified so that the wage is fixed in the standard 

short-run closure, and employment is fixed in the standard long-run closure. If the nominal 

wage is to be fixed, there is no need for any equation to describe the wage rate, as it is 

either exogenous in the short run, or determined by the labour demand equation (equation 

2.46, page 52) in the long run. To control the real wage. Equation 2.86 is specified to link 

the nominal wage to the CPI.

(all,i,IND)(all,o,OCC)
p01ab(i,o) = p3tot_h + fllab_io + fllab_i(o) Eq. 2.86

+ fllab(i,o) + flprim(i);

For a short-run simulation, all of the shift variables in Equation 2.86 are exogenised, 

effectively exogenising the real wage. For a long-run simulation with a fixed labour 

supply, fllab_io is endogenised, and xllab io is exogenised. The shift variable flIab_io is 

interpreted as the percentage change in the real wage. Alternatively, a long-run closure 

may be specified where the labour supply is fixed in each occupation. In this case, 

flIab_i(o) is endogenised, and can be interpreted as the real wage for occupation o.

A CET structure is used to describe the decision to enter employment. If the real wage 

falls relative to welfare payments, employment will be reduced. In Equation 2.87 below, 

the “expansion effect” in the CET structure is given by the labour supply, which is 

normally considered exogenous. The labour supply elasticity depends on the rate of

H ow ever, this is not part o f  the “quota m odule” as it cannot predict when the quota changes status from 
binding to non-binding. It should be used only i f  the user is certain the quota w ill remain binding.
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unem ployment (1 -  RATEE(o)), which is set to 5% in the 1MAGE2 database for all 

occupations, and the parameter SIGMAUE(o). Kalb (1997)^^ estimates labour supply 

elasticities o f  up to 0.15 in Australia, but Dixon and Rimmer (2002) find that values 

between 0 and 0.15 make little difference to simulation results. In IMAGE2, 

SIGM AUE(o) = 1 for all o, providing an effective labour supply elasticity o f 0.05.

(all,o,OCC)
xllab_i (o) = xllabsup_i (o) Eq. 2.87

+ SIGMAUE(o)*(1 - RATEE(o))
* [realwage_i(o) - p_ratesw];

Note that the real wage is the nominal wage deflated by the consumer price index. In 

IMAGE2 it is specified as:

(all,o,OCC)
realwage_i (o) = p01ab_i (o) - p3tot_h; Eq. 2.88

2 .4 .6.3 Land

In any closure, the total supply o f  each type o f  land is fixed. The mobility o f  land between 

uses can be varied to reflect length o f  run. Like capital, in a short run closure, land is 

perfectly immobile, and in a long run closure it is perfectly mobile. IMAGE2 also 

provides for restricted and sluggish mobility o f  land. Restrictions are required to reflect 

some conditions o f the Mid Term Review simulated in Chapter 4. The provision for 

sluggish mobility is to represent a medium-run situation where there is some change in 

land use but not sufficient for rates o f  return to be equal across all uses.

The return to land is defined using a number o f  shift terms, as follows:

(all,i,IND)(all,l,LND)
p01nd(i,l) = omega + fllnd_i(l) + fllnd(i,l) Eq. 2.89

+ flprim(i) + ISPASTURE(i) * fllnd_pasture;

cited in Dixon and Rimmer (2002).
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In a long-run sim ulation where land is perfectly m obile (x llnd (i,l)  is endogenous), all 

term s on the RHS o f  equation 2.89 are exogenous, except f lln d  i(l). In a short run 

sim ulation, f lln d (i,l)  is endogenous and x lln d (i,l)  is exogenous. N ote that in this case, 

x l ln d  il m ust be endogenous, otherw ise the coefficient m atrix is singular. The total land 

supply is fixed by virtue o f  land use being fixed in all industries.

The final term  is used to im plem ent a restriction on the am ount o f  land used in pastoral 

system s. In IM A G E2, the pasture industries are M ilk, Cattle, Sheep and W ool, and 

Forestry. As a requirem ent o f  the M id Term  Review , grazing land may not be transferred 

to any other use except forestry. This requirem ent is reflected in the m odel closure by 

exogenising the total am ount o f  land in these industries. Hence the return to land in the 

pasture industries m ay differ from  the return to land in other agricultural system s by 

endogenising fllnd_pastu re . N ote the coefficient ISPA STU R E(i) is a flag w ith a value o f  

1 for pasture industries and 0 for all o ther industries, effectively m eaning the variable 

f l lnd_pasture only appears in the equation for pasture industries.

A  further equation is introduced to facilitate a m edium  nin closure where land m obility is 

sluggish. A s land use in industry i increases, the shift term  flln d (i,l)  also increases, 

thereby increasing the return to land in industry i. Therefore, if  industry / becom es more 

profitable, th is will not be reflected entirely by an increase in land rental (as in a short-run 

sim ulation) or an increase in land use (as in a long-run sim ulation), but rather as a 

com bination o f  both. A  value o f  T A U LA N D  = 1 provides realistic results, d iscussed in 

C hapter 4. For a m edium  run closure, landslug(i,l) is exogenous and fllnd (i,l)  endogenous. 

To effectively rem ove this equation (for either a long or short run closure), landslug(i,l) is 

endogenous.

(all,i,IND)(all,l,LND)
fllnd(i,l) = TAULAND * xllnd(i,l) + landslug (i , 1) ; Eq. 2.90

2.5 Greenhouse Gas Emissions
G reenhouse gas em issions are sim ply assum ed to vary with real output. Therefore the 

percentage change in em issions from  any activity is equal to the percentage change in real 

output from  that activity. The total agricultural change in em issions is derived as the share
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weighted sum of percentage changes from each agricultural sector, using the weights 

shown in Table 1.2.

The total national change in emissions is derived in a similar manner. The only non- 

agricultural sources of greenhouse gas emissions are assumed to be Petrol and Coal 

(included in C230therManu) and Electricity and Gas (C25ElecGas).

The IMAGE2 equation describing changes in greenhouse gas emissions is:

(all,c,COM)
100* del_GHGE(c) = GHGE(c) * xOcom(c); Eq. 2.91

where GHGE(c) is greenhouse gas emissions associated with commodity c. Note that the 

percentage change in greenhouse gases associated with commodity c is equal to xOcom(c), 

the percentage change in output of commodity c. In a further stage o f development, the 

model may be used to assess the effects of technical changes such as improved feeding 

regimes or manure management practices.

2.6 Solving the Model
This section concentrates on the practical issue of solving the model. The model is solved 

using GEMPACK software (Harrison and Pearson 1996). Firstly, the Johansen and Euler 

methods for solving the model are discussed. Secondly, the issue of choosing an 

appropriate closure for the model is discussed.

2.6.1 Methods for solving systems of linear equations

The IMAGE2 model contains approximately 170,000 linear equations and 200,000
' I ’j

variables . The model can be expressed simply as

Az = 0 Eq. 2.92
where A is the k*n (k ~ l70,000; n~200,000) matrix of coefficients, z is the n*I vector of 

variables, and 0 is a k*l vector o f zeroes. This may be partitioned:

A lthough this may seem  surprisingly large, consider that a single relationship (such as equation 2 .43) 
defined over all com m odities, industries, and sources, is actually 66 * 65 * 2 = 8580 equations.
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[b  C].
X

y
=  0

Eq. 2.93

where x is the (n-k)*l vector o f  exogenous variables andy  is the k * l  vector o f  endogenous 

variables, and B  (dimensions k*(n-k)) and C (dimensions k*k) are the relevant coefficient 

matrices. We can now solve for the endogenous

Bx + Cy = Q Eq. 2.94

=>y = -C ~ 'B x  Eq. 2.95

It is crucial for the model solution that C is invertible. This is discussed further in the 

Closure section.

Johansen’s method o f solving the model is simply to solve Equation 2.95. However, the 

linear form o f the model is only an approximation to the underlying non-linear model 

equations. The accuracy o f  the solution depends on the size o f the shocks, and the 

curvature o f the underlying non-linear relationship.

A method for reducing linearization errors is the Euler method. The exogenous changes 

are subdivided into smaller components and the model’s database is updated after each 

step. For example, to simulate a 10 per cent shock to the land subsidy, solved in two steps 

using the Euler method, the model would solve for a shock o f  5 per cent, update the 

database, and then apply a second shock o f 5 per cent. Figure 2.3 below illustrates how 

this method enables the linear approximation to remain closer to the underlying non-linear 

equations. A higher degree o f  accuracy is obtained the more steps are taken.

Figure 2.3 Illustration of reduction of linearisation error using Euler’s method.

1 step  
f 2  Step

Xo
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2.6.2 Closure
The model variables must be partitioned into endogenous and exogenous, in a manner that 

ensures C (Equation 2.95) is invertible. The sheer volume of equations and variables 

makes this a difficult task but there are some rules o f thumb which can be followed.

In general, each equation can be paired with a particular variable. The remaining variables 

make up the exogenous list. For example, Equation 2.49 (page 53) can be paired with the 

variable xllab(i,o). Although in a system of simultaneous equations it is not strictly 

correct to say Equation 2.49 determines the value of xllab(i,o), which also appears in other 

equations, this method provides a useful starting point.

The exogenous list should contain the following groups of variables:

• taste and technology variables

• shift variables

• policy variables such as tax and tariff rates

• foreign currency prices of imports

• at least one monetary variable, which is the numeraire

• either the price or the quantity o f aggregate endowments

• demographic variables, such as the population or number of households.

Once a sensible closure has been established, changes can be made in a controlled manner 

by swapping pairs o f variables. For example, in a short run closure, capital use is 

exogenous and rates o f return are endogenous, while the real wage is exogenous and labour 

use is endogenous. This can be transformed into a long run closure by swapping capital 

use and the real wage from exogenous to endogenous, and vice versa for rates of return and 

labour use.^* Another example o f a closure swap could be to endogenise tax rates, and 

exogenise a quantity, such as greenhouse gas emissions, in order to find what change in a 

tax rate is required to achieve a required reduction in emissions.

In a com parative static m odel, it is not necessary to equate the terms “ long-run” and “short-run” with a 
precise period o f  time. Rather, these terms respectively refer to periods o f  tim e w hich are sufficient for full 
capital m obility, and com plete capital im m obility. In a dynamic m odel this issue is more important and w ill 
be discussed further in Chapter 5.
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Short and long run closures are illustrated in the isoquant maps below. In both 

illustrations, the initial position is at point A, with capital use Ko, labour use Lq, real wage 

rate w, and capital rental r. A shock is applied (say an increase in subsidies) which 

stimulates output growth, represented by a move to a higher isoquant. In the short-run 

closure illustrated in the left-hand diagram, capital is fixed, so the expansion is 

accommodated by increasing labour usage to L*. With capital now relatively scarce, the 

marginal product of capital increases, hence capital rental increases to r*. On the other 

hand, the long-run closure illustrated in the right-hand diagram shows the expansion 

accommodated by an increase in capital usage, to K*, while labour is fixed at Lq. In this 

case, the marginal product o f labour is increased, and the real wage rate increases to w*.

Figure 2.4 Illustration of Short and Long Run Closures

Long RunShort Run

slope = -w*/r

slope = -w/r

slope =  -w/r* K*
slope = -w/r

An important consideration for the price system is the numeraire. At least one price 

variable must be set exogenously, otherwise a unique solution will not exist. Results for 

price changes in the model results must be interpreted as a percentage change relative to 

the numeraire. In IMAGE2 simulations the numeraire is usually set to be the exchange 

rate.

Another important issue in determining the closure is to account for the macro variables. 

Equations 2.96 and 2.97 give the income and expenditure measures for GDP.
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GDP = A.f(K,L) Eq. 2.96

GDP = C + I + G + (X -  M) Eq. 2.97

where A denotes technological change, K denotes capital, L denotes labour, C denotes 

private household consumption, I denotes investment, G denotes government consumption, 

and (X -  M) denotes the trade balance.

In the model, GDP is effectively determined from the income side (equation 2.96), because 

all variables on the RHS of this equation are known. Technology (A) is usually exogenous, 

while one of capital and labour is also exogenous depending on the closure chosen (refer to 

Section 2.6.2). In a short-run closure, where capital is exogenous, the real wage rate is also 

exogenous, determining total employment. In the long run closure, where employment is 

exogenous, capital use is determined by the exogenous rate o f return. In both cases, all 

variables on the RHS of Equation 2.96 are known, thus determining GDP.

Therefore, it is necessary to have at least one endogenous variable on the RHS of equation 

2.97. Aggregate investment is determined by the global rate of return (omega. Equation 

2.59), which leaves either domestic absorption (Household and Government) or the 

balance o f trade to be the endogenous variable in this equation.

In a long run simulation, the balance o f trade is normally assumed exogenous, as there 

would be sufficient time for the exchange rate to adjust. In this case, domestic absorption 

must be endogenous. This means that the household consumption function must be 

“turned o ff ’, effectively by endogenising the shift variable in the consumption function. In 

a short run simulation, there may be an endogenous shift in balance of trade towards 

surplus or deficit, with a fixed exchange rate. In this case, to complete the closure, 

household consumption must be determined elsewhere. Household consumption can be 

determined by a consumption function (relating consumption to GNP), or exogenously.

In another possible macro closure, both the trade balance and the consumption function 

could be exogenous. In this case, aggregate investment would need to be made 

endogenous by breaking the link between capital and investment, which would be enabled 

by endogenising the economy wide rate o f return.
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Three alternative closures may be used to determine aggregate government expenditure. 

These are as follows:

Exogenous
variable

Reduced form for Equation 
2.81 (page 61)

Relationship implied

f 5 t o t 2 x 5 ( c , s )  + p 5 ( c , s )  

= x 3 t o t  h

Nominal government expenditure varies 
proportionally with real household 
expenditure

f  5 t o t ^® x 5 ( c , s )  + p 5 ( c , s )  

-  0

Nominal government expenditure is fixed

x 5 to t ^ ° n . a . Real government expenditure is fixed.

A counter-intuitive closure is used in historical simulations. In this case, known quantities 

and prices are specified exogenously, and the model solves for taste or technology 

variables. This is used for two reasons. Firstly, a detailed input-output table, which is a 

very important source o f data for a CGE model, is typically several years old, whereas 

more recent data is available for less detailed aggregates. An historical simulation can be 

used to create a timely current dataset from an old dataset. Secondly, information on 

historical trends in taste or technology changes can be established using this type o f 

closure. This is particularly useful for dynamic forecasting, which is discussed further in 

Chapter 5.

2.7 Conclusion
In this chapter, the underlying theory o f  IMAGE2 has been described. Firstly, the 

structural equations for market clearing and balanced budgets were described using the 

IMAGE data tables as the main reference point. Secondly, the behavioural equations, 

explaining how agents make decisions according to cost-minimising and utility 

maximising principles, were described. Finally, the model solution method was 

introduced, including the linear approximation o f  non-linear systems, and the choice o f an 

appropriate closure.

fStot = x3tot_h + f5tot2
V5T0T*x5tot = 8um{c,COM, suin{s,SRC, V5PUR (c, s) *x5 (c, s) }}
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IMAGE2 provides a comprehensive picture o f economic behaviour. The model can be 

broken up into a number o f constituents, such as equations describing household demand, 

or labour supply, which are relatively simple in isolation. The strength o f  the model is to 

provide a framework in which theories o f economic behaviour can be applied to analyse 

real world problems, and produce results for all parts o f the economy. Whilst the 

underlying economic theory is relatively simple, the complexity o f the model lies in its 

size, which necessitates the creation o f  a detailed database (described in Chapter 3), and 

careful interpretation o f simulation results (described in Chapter 4).
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Appendix 2.1 List of Sets

Commodities
COlMilk
C02Cattle
C02aDrCalf
COBSheepWool
C04aPigs
C04bPoultry
C04cHorses
COSCereals
C06FruitVeg
C07aSugar
C07bPotatoes
COSOtherCrop
C09Forestry
ClOFishing
CllAnimFeed
C12PcBeef
C13PcMutton
C14PcPorkPou
ClSMilkProds
C160therFood
C17BevTob
C02Mining
COSTextiles
C06Clothing
C07Leather
COSWoodProd
C09Paper
ClOPrinted
CllChemical
C12RubbPlast
ClSNonMetMin
C14BasMetal
ClSFabMetal
C16MachEquip
C17Computers
C18ElecMach
C 19CoinmunApp
C20MedInstr
C21MotorVeh
C220thTranEq
C230therManu
C24Recycling
C25ElecGas
C26Water
C27Constr
C28MotorServ

Industries
lOlMilk
I02Cattle
I03SheepWool
I04aPigs
l04bPoultry
I04cHorses
I05Cereals
10 6FruitVeg
I07aSugar
I07bPotatoes
lOSOtherCrop
I09Forestry
IlOFishing
IllAnimFeed
I12PcBeef
IlBPcMutton
114 PcPorkPou
IlSMilkProds
I160therFood
I17BevTob
I02Mining
lOSTextiles
I06Clothing
I07Leather
lOSWoodProd
I09Paper
IlOPrinted
IllChemical
I12RubbPlast
I13NonMetMin
I14BasMetal
IlSFabMetal
I16iyiachEquip
I17Computers
IlSElecMach
I19CommunApp
I20MedInstr
l21MotorVeh
l220thTranEq
I230therManu
l24Recycling
I25ElecGas
12 6Water
I27Constr
l28MotorServ
12 9Wholesale

Occupations
OlImmobFarm
02MobFarm
030ther

Destinations
DIUK
D2ContEur
D3World

Household types
HlUrban
H2Farm
H30therrural

Soil types
LlWideuse
L21imited
L3Vlimited

Sources
dom
imp
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Commodities (cont) Industries (cont)
C2 9Wholesale 
C30Retail 
CSlHotelRest 
C32LandTrans 
C33WaterTran 
C34AirTrans 
C35AuxTrans 
C36PostTelec 
C37FinServ 
C38Insurance 
C39AuxFinan 
C4 OBusServ 
C4IPublicAdm 
C42Education 
C4 3Health 
C4 4MemberOrg 
C4 5Recre 
C4 60thServ 
C4 7PrivHhEmp 
C48XTerrServ

l30Retail
l31HotelRest
I32LandTrans
I33WaterTran
l34AirTrans
l35AuxTrans
l36PostTelec
I37FinServ
I38Insurance
l39AuxFinan
I40BusServ
14IPublicAdm
I42Education
I43Health
I4 4MemberOrg
I45Recre
14 60thServ
I4 7PrivHhEmp
I48XTerrServ
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Appendix 2.2 Note on pricing conventions
Due to the existence of taxes and margins, suppliers and demanders do not necessarily face 

the same price for any given commodity. In IMAGE2, the concepts of Purchaser’s Price, 

Producer’s Price, and Basic Price are used as defined in SNA93.

For any purchaser, the Purchaser’s Price is the amount paid for a commodity, at the time 

and place required by the purchaser. As such, the Purchaser’s Price consists o f three 

components: sales taxes such as VAT; margins such as transport and retail services; and 

the Producer’s Price.

One commodity potentially has a different price for every purchaser, because of taxes and 

margins unique to individual categories o f purchasers. For example, households typically 

face higher prices than intermediate consumers for a given commodity, due to higher retail 

margins. However, the Producer Price of any given commodity is the same, regardless of 

the purchaser. The Producer’s Price is also known as the “factory door” or “farm gate” 

price.

The Basic Price is equal to the producer price, plus subsidies and minus taxes which are 

levied on products, as a result of production. Examples o f these types of taxes or subsidies 

include CAP direct payments, such as the Suckler Cow Premium, or taxes such as the 

Bovine Disease Eradication levy. They do not include taxes on inputs, such as payroll tax 

or motor vehicle tax.

This is illustrated in Figure 2.5 below, where there are several purchasers for the one type 

of product. Each purchaser pays sales taxes and margins specific to the purchaser. All 

purchasers pay the same amount (say €1) to the producer of the product. The producer 

pays a portion of this as product taxes, and the remainder is the basic price.
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Figure 2.5 Price relationships, SNA93
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For example, a unit of Sheep has a producer's price of € l / '  For a factory in the Sheep 

Processing industry to take delivery of a unit of Sheep, they must pay transport charges of 

€0.20 and tax of €0.10. Therefore, the purchaser's price of Sheep to the Sheep Processing 

industry is €1.30. For live exports of sheep, an export agent must pay transport of €0.15 

per unit of Sheep, and no tax, so the purchaser's price of Sheep to exports is €1.15.

Producers of sheep receive a subsidy, such as the Ewe Premium, of €0.60 for every unit of 

sheep produced, and must pay a tax of €0.05 per unit for disease prevention. The basic 

price of a unit of Sheep is therefore €1.00 + €0.60 - €0.05 = €1.55.

In summary, the producer price is arbitrarily set to €1, the basic price is substantially 

higher due to the large subsidy on the product, and there are several purchaser’s prices, 

which depend on the taxes and margins faced by particular purchasers.

In IMAGE2, for all commodities, including produced commodities such as Sheep, and the 

factors of production, land, labour and capital, the producer price arbitrarily set to €1, and 

the real units are defined accordingly. Purchasing decisions are made based on the 

purchaser’s price, while supply decisions are made based on the basic price. The flows in 

Table 2.1, columns 1 to 7, are given in producer prices, while column 9 is in basic prices. 

The purchaser price paid by each agent is the total of rows 1 to 5.

Whatever the true price o f  a Sheep, imagine a proportion o f  that Sheep which is worth €1 to be a “unit” o f  
Sheep.
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Appendix 2.3 Quota module
Milk quotas have been used in the EU since 1984. The quota for Ireland was 5.2 million 

tonnes per year in 2000 (EC 1999). The quota does not apply to milk consumed on the 

farm, either as an intermediate input, or as final consumption by farm households, 

however, it does apply to milk sold to the food processing industries. Quota entitlements 

were initially assigned to Irish farmers based on previous production, and entitlements are 

tradable subject to restrictions and conditions determined from time to time by the Minister 

o f Agriculture and Food.

In this appendix the incorporation into the model o f  the dairy quota is described. Firstly, 

the milk supply curve is described, using a stylised model o f the milk industry. Although 

not central to the modelling o f  the quota, some corollaries about the redistribution of 

profits under a quota system are given. Finally the stylised model is related to IMAGE2 

and the model code for representing this supply curve is introduced. This technique is 

based on Bach and Pearson’s (1996) technique for modelling bilateral export quotas in 

GTAP.

Cost structure of the milk sector under a quota

Suppose that there are N  producers and their costs, Cj, are distributed uniformly over the 

range (0, ? m ) ,  where ? m  is the price o f milk. Each producer produces the same quantity o f 

milk, Qi = 1. It follows that the profits o f individual producers, Tij = Qj ( ? m  -  Ci) ~  U(0, 

?m). Total output o f milk, Q t = N .

Now suppose that a quota is introduced, restricting aggregate output to Q q  = aN, where 0 < 

a < 1. In order to produce 1 unit o f milk, 1 permit is required, and there are Q q  permits 

available. The value o f the permits can be determined by equating demand to supply.

Demand for permits, Qq°  is given by:

n N  Eq. 2.98
O = N -  —  P

where P q  is the price o f the production permit. Note that if  the production permit is free,
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then demand is equal to N, the unrestricted level of output. If P q  = P m , that is, a permit to 

produce a unit o f milk costs as much as the price received for milk, demand for permits is 

zero.

By equating demand to supply, the market price for a permit is found;

N  Eq. 2.99
aN  = N -------

^ P „ = P „ { \ - a )  Eq.2.100

So far, no mention has been made of the suppliers of the quota. If production permits were 

sold by a body such as a government agency, the cost of the permits would become another 

component o f the cost of producing milk. From their original levels, costs would increase 

such that:

C , ~ U ( P „ ( \ - a ) . P ^ ( 2 - a ) )  Eq̂  2.101

The distribution of profits for the original producers becomes:

”, ~ U ( P ^ { o i - \ ) , a P j  Eq.2.102

Assuming that producer i will not operate unless Tij > 0, (1 -  a) * 100% of producers will 

cease production. The remaining producers will continue to produce Qi = 1, so total 

production Q j = aN. Hence the permit system simply increases costs, driving the highest 

cost producers out of milk production. In this case, there is no need for special modelling 

o f the quota system. All that is required is an extra input to production, the permit, which 

is available in fixed supply.

It is not true, however, that production permits are purchased from a central agency. 

Rather, they were allocated to existing producers o f milk on the basis of their existing 

production. Given that permits are tradable, we need to consider the farmers’ decisions to 

buy or sell permits.
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Suppose every farmer is allocated a permits. The farmer has a choice to buy a further (1 -  

a) permit in order to maintain production at the original level, or to sell the a permits and 

cease production. If  a farmer sells the allocated permit, the farmer’s profit is

If  farmer i buys a further (1 -  a) permit and maintains production, the farmer’s profit is

Thus farmer i will purchase the extra permit if  it is the more profitable option. That is:

Recall that Ci ~  U(0, P m). Therefore, Equation 2.107 is true for the a * 100% of producers 

who have the lowest milk production costs. They will purchase an additional (1 - a) 

permits, and continue to produce their original output. The remaining (1 - a) * 100% of 

producers sell their production entitlement and cease production.

The supply curve for milk is illustrated in Figure 2.6. If  the quota is not binding, the 

supply curve is the same as it would be if  there was no quota, that is, it would reflect costs. 

If  the quota is not binding, the cost o f the production entitlement collapses to zero, so there 

is no additional cost. I f  the quota is binding, the a  * 100% o f producers with the lowest 

production costs purchase additional permits, thereby increasing their costs. The supply 

curve becomes vertical above point A in Figure 2.6.

= ccPq Eq. 2.103

Eq. 2.104

Eq. 2.105

Eq. 2.106

^ C , <  aP^ Eq. 2.107
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Figure 2.6 Supply curve for milk

Price Supply
curve

Output

With the quota system in place, all producers of milk earn profits greater than zero. The 

supply curve is kinked at point A. The shadow price is the price at which producers are 

willing to produce output, which is uPm. This is less than the market price of ? m.

Redistribution o f profits

The welfare effects to producers can be measured in terms of their profits. This is shown 

in the table below.

Profit before introduction of quota Profit after introduction of quota

Buyers of n , ~ U ( ( \ - a ) P ^ , P „ ) n , ~ U  (a(l - a ) P ^ ,  a(2 - a ) P ^ )
permits

Sellers of ;r, ~ t / ( 0 ,( l - a ) /> „ ) II 1

permits

All buyers of permits are worse off. Their profits have been eroded by the cost of 

purchasing the extra production entitlement. Some sellers are better off and some are 

worse o ff For sellers who originally made a profit o f less than a(l -  a)?M, profit is
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im proved after the introduction o f  the quota. These are the farm ers for whom  Cj > (a  + (l 

-  a)^) P m, or the farm ers with the highest production costs. For the rem aining sellers, those 

w hose costs fall betw een uP m and (a  + (1 -  a)^)PM, profits are reduced.

In aggregate, the industry’s profit is show n in the table below.

Before introduction 
of quota

After introduction of 
quota

Change

Total 
profit: 
buyers o f  
perm its 
(low  cost 
producers)

( 2  \

^ T , B
g = ^ - a { \ - a Y

Total 
profit: 
sellers o f  
perm its 
(high cost 
producers)

II 1 •j' ^

V

Total
T 2 "

=-i(l-a)V„iV

In aggregate, the profit or producer surplus lost to  the industry is - ( l - a ^ P ^ N . Tlte

buyers o f  perm its have reduced profits, but the sellers may gain or lose in aggregate, 

gaining if  a  >  0.5. The gains and losses are show n in Figure 2.7 below.
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Figure 2.7 Redistribution of profits in the milk sector

Cost

Output

aN

sellersbuyers-4-

The original cost structure is represented by Co, and the cost structure after the 

implementation o f the quota is given by the kinked line Ci. W orking from the left, the first 

shaded parallelogram represents the loss o f profits to the low cost producers, who purchase 

additional entitlements from the high cost producers. The small shaded triangle in the 

middle represents the loss o f  profits by the high cost producers who sell their production 

entitlement. For these producers, the revenue from the sale o f  the permit does not quite 

compensate for the lost production profits. However, these producers would make an even 

greater loss if  they were to purchase permits and continue production. The large shaded 

triangle at the top right o f the diagram represents the gain for the very high cost producers. 

These producers earned a relatively small profit from the production o f milk, and can earn 

a greater profit from selling their production entitlement.

Treatment of the quota in IMAGE2

Unlike the stylised model presented above, IMAGE2 does not explicitly identify individual 

producers with differing costs. However, with fixed factors o f  production, in particular
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land/^  the industry exhibits diminishing returns to scale, so the supply curve is upward 

sloping. Therefore, the supply curve illustrated in Figure 2.6 represents the IMAGE2 

supply curve for milk, under a quota.

The IMAGE2 model treats quota profit as a margin on the sale o f milk to milk processors. 

There is no such margin on sales o f  milk for use on farms, or by farm households, because 

these uses are not restricted by quota. As shown in Table 2.2, the income from quota profit 

accrues to the Household sector.

In order to represent the quota system in IMAGE2, the two main differences between 

IMAGE2 and its predecessors are the specification o f prices, and some additional 

equations which determine whether the quota changes status from binding to non-binding.

Price equations

The shadow price o f  milk, as described above, is the price not including quota rent. The 

shadow price is defined in IMAGE2 by a slight variation on the usual purchaser’s price 

equation, as:

(all,c,ClAGRI)(all,i,IND)
[VlPUR(c, "DOM" , i) - VlQUOTA(c,i) + TINY] Eq. 2.108

* pl_sh(c,i)
= [VIBAS(c,"DOM",i) + VITAX(c,"DOM",i)]

* [pO(c,"DOM")+tl(c,"DOM",i)+mu(c,"int") ]
+ sum{m,MAR, VIMAR(c,"DOM",i,m)

* [pOdom(m)+almar(c,"DOM",i,m)] };

Note that this equation is defined over all agricultural commodities. Currently Milk is the 

only commodity for which V lQ U O TA (c,i) > 0.

The purchaser’s price o f milk, which includes quota rent, is defined in IMAGE2 as:

The capital stock may also be fixed in the short run.
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(all,c,ClAGRI)(all,i,IND)
[VIPUR (c, "DOM" , i) + TINY] * pl(c,i) Eq. 2.109
= [VIPUR(c,"DOM",i) - VlQUOTA(c,i)] *

pl_sh(c,i)
+ ID01(VlQUOTA(c,i)) * pl_q(c,i);

Quota equations

The purpose of these coefficients and variables is to determine whether or not the quota is 

binding. The quota is considered to be binding if  the market is willing to supply more than 

the regulated quantity, that is, if the purchaser’s price is greater than the shadow price.

Two ratios are introduced. Tl_Q_L(c,i) is the shadow price expressed as a ratio of the 

market price. If the quota is not binding, then Tl_Q_L(c,i) = 1, because there is no 

difference between the shadow price and the market price. If the quota is binding then 

T l_Q _L(c,i)<  1.

(all,c,ClAGRI)(all,i,IND)
Tl_Q_L(c,i) Eq. 2.110

= (VIPUR(c,"DOM",i) - VlQUOTA(c,i))
/VIPUR(c,"DOM",i);

In percentage change form, this equation becomes:

(all,c,RlAGRI)(all,i,IND)
tl_q(c,i) = pl_sh(c,i) - pi (c, "DOM" , i) ; Eq. 2.111

A second ratio, Q_RATIO_L(c,i), is the ratio between the actual volume o f supply of 

commodity c to industry /, and the quota. This coefficient is read into the model. It is set 

to 0.01 for all commodities and industries, except for the commodity Milk supplied to the 

industries Milk Products and Other Food, where it is set to 1 because the quota is 

considered to be binding in the initial 2003 database.
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The coefficient Q_RATIO_L(c,i) is updated using the variable q_ratio(c,i). This is defined 

in the model code as:

(all,c,RIAGRI)(all,i,IND)
q_ratio(c,i) = xl (c, "DOM", i) - q_quota (c, i) ; Eq. 2.112

where q_quota(c,i) is the percentage change in the quota of sales of commodity c to 

industry /, a naturally exogenous variable.

In each step o f a multi-step solution process, the following equation determines whether 

the quota has changed status from binding to non-binding.

(all,c,RIAGRI)(all,i,IND)
IF [Q_RATIO_L(c, i) >= T1_Q_L (c, i) , Eq.2.113

(Q_RATIO_L(c,i)/lOO) * q_ratio(c,i) ]
+ IF[Q_RATIO_L(c,i) < Tl_Q_L(c,i),

(Tl_Q_L(c,i)/lOO) * tl_q(c,i) ]
+ [MAX{q_RATIO_L(c,i), Tl_Q_L(c,i)} - 1]

* del_Newton 
+ xq_slack(c, i)
= 0 ;

The variable del_Newton is applied an exogenous value of 1. This value is not split in a 

multi-step solution process, so it has the value 1 for every step of the solution process. The 

xq_slack term is exogenously set to zero, but can be endogenised to “turn o ff’ this 

equation.

The first IF statement is true if the quota is binding. In this case, Q RATIO L = 1 and 

T1_Q_L < 1. The second IF statement is true if the quota is not binding. The MAX term 

is used to correct for when the quota has changed from binding to non-binding. On the 

step when the quota changes status, the updated value of one of the ratios will be greater 

than one. This term will provide the correction required to that ratio. For example, if the 

quota changes status from binding to non-binding, the progression will be as follows:
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Q_RATIO_L T1_Q_L q_ratio tl_q Comment

Initial 1 < 1 0 found by 
Eq2.111

Quota is binding in initial 
database.

Step 1 1 > 1
(say 1.2)

found by 
Eq2.112

found by 
Eq 2.113- 

(tl_q 
= - 0.2)

The value of T1_Q_L after 
the initial updates is greater 
than 1, because the quota 
became non-binding.

Step 2 < 1 1 found by 
Eq 2.112

0 The coefficient values now 
indicate that the quota is not 
binding.

Step 3 < 1 1 found by 
Eq2.112

0 Quota is not binding
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Appendix 2.4 Rules for converting non-linear equations 

to linear equations
Some simple rules for linearising an equation are given below. The convention used in this 

model is for uppercase to denote levels, and lowercase to denote percentage change.

A = BC a = b + c

Proof:

dA dA
dA = —  dB H------ dC

dB dC

^ d A  = CdB + BdC

A ~  C

Eq. 2.114

A = B" ^  a = ab

Proof:

dA = — dB 
dB

^ d A  = aB°-'dB

dA dB
^  —  = a  —

A B

A = B + C ^  Aa = Bb + Cc 

Proof:

Eq. 2.115

Eq. 2.116



Appendix 2.5 Tablo Reference
The model code is written in the TABLO language, which is part o f  the GEMPACK 

software. In this chapter, the TABLO notation is used to denote equations which actually 

appear in the model code, while ordinary algebraic notation is used for equations which do 

not appear in the model code. Equations 2.117 and 2.118 below show an example o f an 

equation written in TABLO notation, and its equivalent ordinary algebraic notation.

TABLO notation:

(all,i,IND)

[TINY + V2T0T (i) ] * (p2tot (i) - a2tot(i)) Eq.2.117

= sum{c,COM, V2PUR_S(c,i)
* [p2_s(c,i)+a2_s(c,i) ] } ;

Equivalent algebraic notation:

[TINY  + V2TOT, ] * ( p2tot, -  a lto t , ) Eq. 2.118

= ^  V 2 P U R _ S ^ , * ( p 2 _ s ^ . + a 2 _ s ^ , )  \ f i e l N D
ceCOM
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CHAPTER 3: The IMAGE2 data

3.1 Introduction
This chapter describes the data and parameter values used in the model. The process of 

database construction is described briefly in Section 3.2. The economic data used to 

populate the data tables first introduced in Tables 2.1 and 2.2 for the year 2003 are 

described in Section 3.3. The parameter values are described in Section 3.4.

3.2 The Process of Construction
The steps taken to create the 1MAGE2 database are shown in the flow chart in Figure 3.1 

Tables 3.17 and 3.18 (Appendix 3.3) show the sources of data, presented within the 

structure of the IMAGE2 data tables.

Figure 3.1 Construction of the 1MAGE2 database

OIIA 2003

NFS 2003

1-0 1998

NIE 2003

HBS 9900

YB 2004

Henry estimates

AGRIBALANCE: 66 x 65 database

ADJUSTERl: 48 x 48 database with single 
final demand agents

IMAGESTYLEl: 48 x 48 database with 
disaggregated final demand sectors

IMAGEOl: minor discrepancies amended, 
detailed margins matrix estimated

IMAGED AT A: 66 x 65 database with 
occupational breakdown

This is a styhsed version o f  the construction o f  the database. A flow chart showing full details is given in 
Appendix 3.1.
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The abbreviations used in Figure 3.1, along with others used throughout the chapter, are 

listed below. In the text, the year qualifiers are occasionally dropped if  the context is clear.

AROAF 2004 Annual Review and Outlook for Agriculture and Food 2004/2005 
(Department o f Agriculture and Food 2005)

AROAF 2003 Annual Review and Outlook for Agriculture and Food 2003/2004 
(Department o f Agriculture and Food 2004)

HBS 9900 Household Budget Survey 1999-2000 (CSO 2002)

Henry estimates Estimates o f agricultural activity by E. Henry (Matthews 2000)

1-0 1998 1998 Supply and Use Input Output Tables (CSO 2004a)

NFS 2003 National Farm Survey 2003 (Connolly et al 2004)

NIE 2003 National Income and Expenditure 2003 (CSO 2004f)

OIIA 2003 Output, Input and Income in Agriculture 2003 (CSO 2004g)

YB 2004 Statistical Yearbook o f Ireland 2004 (CSO 2004h)

In summary, the following steps were taken. Using a type o f RAS procedure'*'*, detailed 

data from various sources were scaled to match known aggregates for the macro-economy 

in 2003 (CSO 2004f), described in Section 3.3.1. The 1998 Input Output (I-O) Tables 

(CSO 2004a), along with some unpublished data obtained from the CSO, were used to 

populate most o f the matrices in Table 2.1. Further detail was added for sectoral value 

added (see Section 3.3.3), household expenditure (Section 3.3.4), investment (Section 

3.3.6), exports (Section 3.3.5), and agriculture (Section 3.3.7).

Based on McDougall (2000) and Horridge (2004). See Appendix 3.2.
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3.3 The Database

3.3.1 Summary of Macro Data

The macro aggregates for the IMAGE2 2003 database are shown in Tables 3.1 (Input- 

Output aggregates) and 3.2 (income aggregates). As discussed below, these data provide a 

balanced description of economic activity in Ireland in 2003, and are consistent with 

published data from a number of sources.

Table 3.1 Input -  Output aggregates, 2003 (€m)

Industry Invest
ment

H’hold ROW Gov’t Stocks Total

Domestic 58648 23945 41754 109711 17858 6 251922

Import 71169 5420 12007 881 19 89496

Net Indirect 
Taxes

2734 2450 9174 563 494 15414

Labour 54985 54985
GOS (factor 
cost)

64840 64840

o f  which 
Quota rent

277 277

Net taxes on 
production

485 485

Total
expenditure

252860 31815 62935 110274 19233 25 477142

92



Table 3.2 Income aggregates, 2003 (€m)

Industry Invest
ment

H’hold ROW Gov’t Stocks Total

Domestic 252860 -938 251922
Import 89496 89496
Net Indirect 
Taxes

-202 15616 15414

Labour 54827 158 54985
GOS (factor 
cost)

21245 15760 22957 4878 64840

o f  which 
Quota rent

277 277

Net taxes on 
production

485 485

N et transfers -1010 700 310 0
Total income 274105 0 69577 112171 21289 0 477142
Savings 21245 -31815 6642 1897 2056 -25 0

As described in Chapter 2, the database is balanced if  four conditions are satisfied. Firstly, 

the expenditure on every commodity, or the total o f each row in Table 3.1, must be equal 

to the sales o f that commodity, or the total o f the corresponding row in Table 3.2. 

Secondly, expenditure by each agent, or column totals in Table 3.1, must equate to total 

income less savings o f that agent. Thirdly, net transfers between agents must be zero, and 

finally, total savings must equal total investment.

The tables above demonstrate that the first condition holds for every commodity group''^, 

and the second condition holds for every group o f agents."*^ The third and fourth 

conditions are observed to hold in Table 3.2.

The main source o f macro data was the Irish national accounts data, published in NIE 

2003. Selected items from NIE are shown in Table 3.3. Some small adjustments were 

made to incorporate alternative information, particularly in relation to agricultural data.

The row totals are in fact balanced for every com m odity but the full table w ould contain 285 rows. 
Sim ilarly, the colum n totals balance for every agent, but the full table w ould contain 138 colum ns.
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Table 3.3 Macro data, 2003

Item (NIE item no. in brackets) NIE 
value, 

2003 (€m)

Alternative 
data, 2003 

(€m)

Source of 
alternative 

data

Net Value Added at factor cost(27) 104893

o f which total labour costs (2 + 3 + 9 +1 0 ) 53904 54985 Henry

Depreciation (28) 14933

Product Taxes (33) 16479

Product Subsidies (34) -2175 -2003 DAF 2003

Production Taxes (30)“*̂ 1184

Production Subsidies (31) -527 -699 DAF 2003

GDP [income calculation] (35) 134786
Net factor income from the rest o f the world 
(55)

-23115

GNP(37) 111671

EU subsidies (38) 1839

EU taxes (39) 567

Government trading and investment income 
(120)

1523

National debt interest (121) 1693

Final demand;
Household (79) 62935

Investment (81) 31815

Exports (83) 112759 110273 net exports

Government (80) 19233

Stocks(82) 499 25 NIE stat. 
disc.

Total Imports (84) 91981 89496 net imports

GDP [expenditure calculation] (86) 134786
Personal and Company savings plus 
adjustment for stock appreciation (140 + 141 
+ 144)

12955

Exchequer Surplus (142) 2056

Net balance on current account (30a.5) -1896

“Production” taxes and subsidies are also called “Non-product” taxes and subsidies.
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The IMAGE2 database is consistent with all the major national accounts aggregates, 

including Net Value Added (NIE item 27), Gross Value Added at factor cost (27 + 28), 

Gross Domestic Product at market prices calculated from both the income (35) and 

expenditure (86) sides, and Gross National Product at market prices (37). The database is 

also consistent with published final demand aggregates and savings.

Total labour costs are not published as a single item in NIE because o f the difficulty of 

separating labour costs from operating surplus in self-employment. For the IMAGE2 

database, this is a problem for agricultural data in particular, firstly because o f the 

prevalence o f  self-employment or use o f  family labour in agriculture, and secondly 

because o f  the agricultural focus o f the model. In Table 3.3, the value attributed to NIE of 

€53904m for labour costs does not include any income from self-employment in 

agriculture. Henry (Matthews 2000) estimated that approximately 50% o f agricultural 

gross value added at factor cost could be attributed to labour. In 2003, this is equivalent to 

an estimated €1501m.'*^ Allowing for the €502m that is already counted as remuneration 

o f  agricultural employees, less an estimate for forestry and fishing, a further € 1080m is 

added to total labour costs.

A lmost all labour income accrues to domestic households. The value o f  remuneration o f 

foreign employees in 2003 was not available in NIE, but estimated to be €158m based on 

2002 data.^^

Gross operating surplus (GOS) is €64840m, derived as gross value added at factor cost less 

adjusted labour costs. The components o f  GOS income which accrue to the Government 

are Net Trading and Investment income (€ 1523m) and Corporation Tax (estimated value 

€5048m^'’), less National debt interest (€1693m). GOS income to the Rest o f the World is 

€22957m, which combined with remuneration o f  foreign employees comprises net factor 

income to the rest o f the world. The provision for depreciation o f €14933m is recorded as 

GOS income to industries in the IMAGE2 database. A portion o f the remaining € 2 1830m 

accrues to domestic households, while the rest is undistributed profits o f companies after

Note that in 2003, Agricultural GVA at factor cost = €3188 (OlIA 2003).
In 2002, 0.68% o f  net factor income to the rest o f  the world was labour income (NIE).
Total income taxes increased by 5% (from 619859m  to €20866m ) in 2003. Corporation taxes were 

€4804m  in 2002, and are assumed to increase by the same proportion.
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tax. Undistributed profits o f companies after tax is equivalent to company savings, which 

is estimated to be €6312 (see next paragraph). The remaining € 15760m is GOS income to 

households.

Data is published in NIE for Personal, Company, and Government Savings. Net national 

savings also incorporates an adjustment for stock appreciation. For 2003, separate 

estimates are not available for Personal and Company savings. In the 1MAGE2 database, 

the value o f €12545m is split according to 2002 proportions.^' The adjustment for stock 

appreciation is also apportioned to personal and company savings. Hence Household 

savings are estimated to be €6642m. Company “savings” in IMAGE2 also include the 

provision for depreciation o f €14933m, so total company savings is estimated at €21245m. 

As described in Chapter 2, foreign “savings” is equivalent to the negative o f the net 

balance on the current account, or €1896m (with rounding error).

Data for product and production subsidies was slightly adjusted on the basis o f alternative 

information provided in OIIA 2003 and the AROAF 2003. In OIIA, subsidies less taxes 

on production are €590m. In ARO.A.F, “direct payments” to farmers are €1637m., o f which 

€938m are product subsidies, or direct payments in the sense that they are linked to output. 

The remaining €699m is assumed to be production subsidies. This is slightly more than 

the €527m published in NIE. The discrepancy o f €172m is taken from total product 

subsidies, reducing it to €2003m. In IMAGE2, all production taxes net o f subsidies accrue 

to the domestic government. The agricultural subsidy o f €699m is funded from the EU 

budget under the CAP, so this is incorporated as a transfer payment from the Rest o f the 

World to the Government. The net subsidy payment published in OIIA suggests that there 

are €109m in production taxes on the agricultural sector.

A component o f product subsidies is CAP direct payments. This item (VOSUB in Table 

2.2) is not included with net indirect taxes in the IMAGE2 database. The estimated value 

o f  €93 8m is sourced from AROAF, and differs slightly from the €925m published in OIIA. 

The DAF value is used because a more detailed disaggregation is provided. The final 

value for net indirect taxes is therefore €16479m -  (€2003m -  €938m) = €15414m, of 

which some is CAP export subsidies paid by the ROW. Total subsidies paid by the ROW

51.3% Personal, 48.7% Company.
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are €1839m (NIE and AROAF). Subtracting product and production subsidies, the 

remaining €202m is assumed to be export subsidies. Hence €15616m in net taxes is 

collected by the domestic government. A component o f taxes collected by the domestic 

government is EU taxes of €567m (NIE), which are paid to the ROW as a transfer 

payment.

On the demand side, adjustments were made to imports and exports because the IMAGE2 

model does not incorporate re-exports. According to I-O 1998, 2.2% of exports were re-
52exports. Assuming a similar situation in 2003, exports net of re-exports in 2003 are 

estimated to be €110274m. Imports are adjusted by the same amount, ensuring that there 

is no change in the balance of trade. The final change to demand is to subtract the 

statistical discrepancy of €474m from stocks.

The values o f transfers between agents are shown in Table 3.4. The values in bold type 

were obtained from NIE, while the values in plain type were derived. Based on the NIE 

data, total transfers to Government were €16718m. Adding in transfers received by 

Households and the Rest of the World, total transfers received by all agents was €30019m. 

Equating total receipts to total outlays, total transfer payments from Households come to 

€12912m, the residual after the known values for total transfers from the Rest o f the World 

and Government are deducted. It is then a simple matter to find net transfers from 

Households to the Rest of the World, followed by Government to Rest of the World, 

Government to Households, and Rest of the World to Households.

Table 3.4 Transfers between agents (€m)

Transfers
From

Transfers To
TotalGovernment Households Rest of World

Government - 12103 4305 16408

Households 15818 - -2906 12912

Rest o f World 900 -201 - 699

Total 16718 11902 1399 30019

Calculation at basic prices.
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The sources o f  the transfer flow s in bold type in Table 3.4 are as follows;

• Transfers from Households to Government are assumed to be total taxes on income 

and wealth, including social insurance contributions (NIE), less estimated 

corporation taxes, which are included as GOS payments to government. That is, 

€20866m -  €5048m = €15818m.

• Transfers from  the Rest o f  the World to the Government are comprised o f current 

transfers from Rest o f the World to Government, not including EU subsidies 

(€20 Im ) (NIE), plus the value o f production subsidies paid by the EU (€699m). 

That is, €20 Im  + €699m = €900m.

• Total transfer income to Households including EU subsidies and taxes is € 13174m 

(NIE). In the IMAGE2 database, EU subsidies and taxes are not included in 

transfer payments to households, so total transfer income to households is €13174m 

-  (€1839m -  €567m) = € 1 1902m.

• Total net transfer income from  the Rest o f  the World excluding EU subsidies and 

taxes is -€832m  (NIE). W ithout having an effect on net transfers, this is assumed 

to comprise zero total transfers from the ROW, and €832m transfers to the ROW.^^ 

A further €567m for EU taxes is added to transfers to the ROW, and €699m is 

added to transfers from ROW  for EU production subsidies. Hence the final values 

are €699m in transfers from the ROW, and € 1399m in transfers to the ROW.

• Total transfers from  the Government include €17534m in transfer payments 

including national debt interest (NIE), less national debt interest o f € 1693m, plus 

the payment o f  €567m in EU taxes. Hence total transfers from the government are 

€17534m -€ 1 6 9 3 m  + €567m = €16408m.

Net transfer income as shown in Table 3.2 is equal to total transfer receipts less outlays for 

each agent.

This assumption does affect transfers between agents, but these are not important in IMAGE2, whereas 
correct values for net transfers are necessary for the budget balancing constraints.
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3.3.2 Input Output Table 1998

Input-Output data is used to provide much o f  the detail contained in IM AGE2, including 

the industrial and commodity classification for all except the agricultural and food sectors. 

The most recent Input-Output tables published for Ireland relate to 1998 (CSO 2004a). 

The Input-Output coefficients implied by the data in these tables are preserved as closely 

as possible in the derivation o f  the 2003 IMAGE2 database, which was built by altering the 

1998 Input-Output data using a RAS-type procedure such that totals would match macro 

data for 2003.^'' The method used enables targets for row or column totals, or other 

subtotals, to be met simultaneously by calculating a multiplier for every element o f the 

matrix.

There are six published I-O Tables for 1998. These are:

1. Supply Table at Basic Prices, including aggregate taxes, margins, and subsidies

paid on each commodity.

2. Use Table at Purchaser Prices, direct allocation o f imports.

3. Use Table for Imports at Basic Prices

4. Symmetric 1-0 Table at Basic Prices, indirect allocation o f imports

5. Input Output coefficients

6. Leontief Inverse

A further three unpublished tables were obtained from the CSO. These are;

7. Use Table for Domestically produced commodities at basic prices.

8. Use Table for Margins.

9. Use Table for Taxes net o f Subsidies

In the 1-0 tables, 48 commodities and 48 industries were identified, along with six sources 

o f final demand, which were investment, domestic households, exports, government, 

changes in inventories, and non-profit institutions serving households.

See Appendix 3.2 for details.
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To rectify some minor arithmetic inconsistencies, some very minor adjustments were made 

to the 1-0 data. Data from the 1-0 tables were then used to populate the matrices VI BAS, 

V5BAS, V6BAS, VITAX, V5TAX and V6TAX. Non-profit institutions serving 

households are not identified separately in IMAGE2, so they were combined with 

Households. The I-O tables also provided the totals for V2BAS I, V2TAX1, V3BAS H, 

V3TAX_H, and V4BAS D and V4TAX D. Because 1MAGE2 does not identify re

exports, €4284m of re-exports were subtracted from total exports and total imports.

Three types o f margins are identified in IMAGE2: Retail, Wholesale, and Motor transport. 

To estimate the margins matrices, several control totals were available. The total use of 

margins on every flow of commodity to user was found by subtracting basic values and net 

taxes from purchaser values. The total of each type of margin on each user was also 

available, as shown in Table 3.5.

Table 3.5 Total Margins by Margin type and User

Motor Transport Wholesale Retail Total

Intermediate use 277.8 3311.7 174.1 3763.6

Investment 644.2 641.6 0.0 1285.8

Households 398.8 0.0 3573.8 3972.6

Exports 1.5 45.0 155.6 202.0

Government 0.0 0.0 0.0 0.0

Stocks 0.0 0.0 0.0 0.0

Total 1322.2 3998.3 3903.5 9223.9

The margin matrices VI MAR, V2MAR_I, V3MAR H, and V4MAR_D were calculated in 

two stages. Firstly, the total margin on each flow was apportioned according to the 

proportion of each margin type on each user. For example, 90%^^ of every margin on 

household consumption was assigned to Retail, and the remaining 10% to Motor 

Transport. Given that the margin distribution on all uses except Investment is quite one

sided, the scope for error is fairly limited.

=  3573 . 8/ 3972 .6 .
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The margins were then disaggregated by source according to the sources for the 

corresponding basic flows. For example, 77% of Food and Beverages consumed by the 

Household sector was produced domestically, so 77% of each margin on Food and 

Beverages was assigned to the domestic flow, with the remaining 23% assigned to imports.

The estimation o f the margin matrices completed the use of the 1998 1-0 tables to populate 

Rows 1 to 3 and row 5 of Table 3.1. The 1-0 tables also provided the data for labour (Row 

6), total capital including land (sum of Rows 7 and 8), and other costs (Row 9), which 

consist of production taxes net o f production subsidies.

A final adjustment was made to the value of Food and Beverages used by the Hotel and 

Restaurant industry. In the Input-Output table, this is assumed to be zero. The value of the 

Food and Beverages consumed in Hotels and Restaurants is attributed to expenditure on 

Food and Beverages, and only the value added by Hotels and Restaurants is counted as 

expenditure on Hotels and Restaurants. This approach does not account for the important 

link between food and hotels. For example, using this approach, if food were to double in 

price it would not affect the hotels industry directly at all. In order to link the food and 

hotel sectors, an estimate of intermediate expenditure on food was moved from household 

expenditure to intermediate expenditure by hotels. This was added to output of hotels, and 

to household expenditure on hotels.

To confirm the suitability o f combining the detail from the 1998 1-0 tables with the 2003 

aggregates published in NIE, aggregates from the 1-0 tables are compared to their 

counterparts published in NIE for 1998. Table 3.6 shows that there are negligible 

differences between final demand aggregates for 1998 published in NIE 2003 and 1-0 

1998. The statistical discrepancy published in NIE appears to be included with changes in 

inventories in the 1-0 tables, as the difference between the combined total o f these items is 

only 3.6%. For this reason, the statistical discrepancy was included with inventory 

changes in the derivation of the 2003 database.
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Table 3.6 Comparison of 1-0 and NIE data for 1998

1998 value 
(€m) from 

1-0 1998

NIE
value,

1998
(€m)

Difference 
between 
NIE and 
1-0 1998 

(%)

NIE
value,

2003
(€m)

Change

Labour costs^^ 32321 32837 1.6 53904 66.8

Net operating surplus 29429 28916 -1.7 50988 73.3

Net Value Added 61750 61753 0.0 104892 69.9

Depreciation 7365 7370 0.1 14933 102.8

Product Taxes 10059 10067 O.I 16479 63.8

Product Subsidies -1829 -1847 1.0 -2175 18.9

Non-product Taxes 770 770 0.0 1184 53.8

Non-product Subsidies -545 -532 -2.4 -527 -3.3

Final demand:

Household 39387 39027 -0.9 62935 59.8

Investment 17228 17438 1.2 31815 84.7

Exports^* 66769 67067 0.4 112759 68.9

Government 10171 10098 -0.7 19233 89.1

Changes in 
inventories

2014 1261 -37.4 499 -75.2

Statistical discrepancy - 826 -474

Total Imports^^ 58000 58136 0.2 91981 58.6

GDP 77569 77581 0.0 134786 73.8

If the composition of income and expenditure had been unchanged from 1998 to 2003, the 

2003 database could have been created by simply inflating all values in the 1998 1-0 table 

by the same proportion. However, this was not the case. The growth in net value added 

(NVA) over the period was 70%, skewed towards operating surplus which grew by 73%, 

while labour costs grew by only 67%. While taxes have grown at a rate commensurate 

with economy wide growth, growth in subsidies was significantly less. This is because the

Calculated as ratio o f  NIE 2003 value to 1-0 1998 value. 
Not adjusted for agricultural labour.
Not adjusted for re-exports.
Not adjusted for re-exports.
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majority of subsidies are paid to the agricultural sector, which experienced a decline over 

the period.

GDP increased from by 74% over the period, or 12% per annum. The trade balance grew 

from 11% of GDP to 15% of GDP, while household consumption lagged behind growth in 

GDP, growing by only 60%.

3.3.3 Value Added 2003

Sectoral data for value added in 2003 was obtained from NIE 2003. The changes imposed 

on the database are shown in Table 3.7 below.

Table 3.7 2003 available data

1998 value 
(€m) from 

I-O 1998

NTE value, 
1998 (€m)

Difference 
between NIE 
and 1-0 1998 

(%)

NIE
value,

2003
(€m)

change
(%)

Net value added:

Agriculture 3176 2934 -7.6 2931 -7.7

Industry 25827 26064 0.9 42412 64.2

Distribution, 
transport, and 
communication

9778 10137 3.7 16680 70.6

Public administration 
and defence

2758 2773 0.6 4224 53.2

Other services 20210 19845 -1.8 38645 91.2

Total NVA 61750 61753 0.0 104892 69.9

Depreciation:

Agriculture 578 578 0.0 659 14.0

Industry 2055 2056 0.0 4039 96.5

Distribution, 
transport, and 
communication

1045 1046 0.1 2566 145.6

Public administration 
and defence

Other services

199

3488
3690 0.1 7669 108.0

Total depreciation 7365 7370 0.1 14933 102.8
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No official concordance between the five sectors used in NIE 2003 and the 48 industries in 

I-O 1998 was available, so it was deduced based on the values for 1998 published in NIE 

2003 compared with 1-0 1998. The concordance is shown in Appendix 3.4. In aggregate, 

there is negligible difference between Net Value Added (NVA) for 1998 published in NIE 

2003 and 1-0 1998. Values for sectoral NVA differ because o f poor concordance. 

However, the sectoral discrepancies are all well below 5%, with the exception o f the 

relatively small sector o f Agriculture.

The statistical discrepancy (€474m) published in NIE 2003 was allocated proportionally 

across all sectors for 2003. The adjustment for financial services (-€4340m ) was attributed 

to the services sector, because it represents the interest margin earned by financial 

institutions, which are classified to the services sector. Depreciation for Public 

Administration sector is not identified separately in NIE 2003, so the 2003 value is 

estimated based on 1-0 1998, and subtracted from Other Services.

Growth in NVA over the period 1998 -  2003 was approximately 70%, an average o f 11% 

per annum. This growth was not distributed evenly across all sectors o f the economy, with 

Other Services growing by 91%, while Agriculture lagged behind with a decline o f 8%.

In order to complete the adjustment process, some assumptions were required about total 

industry and commodity output, or the MAKE matrix (Table 2.2, Row 1, Column 1). NIE 

2003 provided totals for Columns 2 to 6 o f Table 2.1, and some information about the 

bottom section (Rows 5 to 9) o f  Column 1, however, with this information alone, there is 

no unique solution. A balanced database could be constructed by changing intermediate 

inputs by any amount, and increasing industry output accordingly.

To some extent, accounting for intermediate inputs is a matter o f statistical convention. 

This is the case particularly for inputs to own production. For example, fodder for animal 

feed is an output o f  the agricultural sector, and also an input to that sector. W hether the 

fodder is included in the value o f output and also recorded as an intermediate input, or 

simply omitted from the accounts, makes no difference to agricultural value added, or to 

total final consumption o f fodder.
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In all but exceptional cases, the proportion o f intermediate inputs to total output was 

maintained from I-O 1998. This was implemented by imposing growth in industry output 

o f the same proportion as growth in sectoral NVA. For some industries, where growth in 

output was substantially different from the average sectoral growth due to exceptional 

growth in exports (See Section 3.3.5), this was adjusted, with compensating adjustments in 

other industries, to preserve the overall sectoral growth rate. More detail on the 

agricultural updates is described in Section 3.3.7.

The adjustments to the IMAGE2 database reflect rapid economic growth over the period 

1998 to 2003, and also incorporate the changes in the composition o f output and 

expenditure. The Services sector in the IMAGE2 database for 2003 is relatively much 

larger than the Services sector in 1-0 1998. Investment is larger relative to Household 

Consumption, and the Balance o f Trade has moved further into surplus.

3.3.4 Household Demand
So far, o f final demand by households, exports, and investors, only the aggregates have 

been incorporated into the database with any reliability. In this and the following two 

sections, the use o f other sources to improve the detail in the data for household, export, 

and investment demand respectively is described. There are two aims. Firstly, the 

estimation o f the commodity mix for each final demand agent is improved. Secondly, final 

demand is disaggregated into more detailed categories: household types, export 

destinations, and investment industries.

Personal consumption data for selected commodities is published in Table 13 o f  NIE 2003. 

In many cases, comparisons between the commodities used in NIE 2003 and 1-0 1998 are 

not possible, due to the different classifications used. The commodities for which there 

appeared to be a correspondence between NIE 2003 and 1-0 1998 are listed in Table 3.8 

below. Because the concordance was not completely accurate, the NIE 2003 growth rates 

from 1998 to 2003 were used in the IMAGE2 database, instead o f the 2003 data. The 

values published in NIE 2003 refer to purchaser prices.
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Table 3.8 Household consumption, selected commodities: 1998 and 2003.

I-O 1998 name I-O 1998 
value (€m), 

purchaser 
price

NIE name NIE
value,

1998
(€m)

Differ
ence 

between 
NIE and 
I-O 1998 

(% )

NIE
value,

2003
(€m)

Growth 
(% ) 

based 
on NIE 

data

Food and 
beverages

7349.3^" Food and 
beverages^'

n.a. n.a. 9159 24.6

Tobacco
products

1053.0 Tobacco 1325 25.8 1895 43.0

Textiles 762.6

Wearing
Apparel

Leather and 
leather products

1210.6

353.1

Clothing
and
footwear

2678 15.1 3244 21.1

Motor vehicles 
and trailers

1638.2 Personal
transport
equipment

1618 -1.2 2151 32.9

Post and tele
communication 
services

769.4 Communi
cation

773 0.5 1965 154.2

Business
Services

6039.7 Housing 5729 -5.1 11502 100.8

Education 1400.6

Membership 
organisation 
services n.e.c.

222.0 Services
(including
education)

2615 3.6 4017 53.6

Recreation 902.3

For the commodities food and beverages, tobacco products, and textiles, wearing apparel 

and leather and leather products, the discrepancy in 1998 values is relatively large. 

However, the NIE 2003 growth rates have been used, for two reasons. Firstly, the names

“  I-O 1998 value adjusted for food used by hotels (as described earlier). 
Source is AROAF 2004, not NIE.
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of the commodities suggest a close relationship between NIE 2003 and 1-0 1998. 

Secondly, the growth in household consumption o f these commodities is well below 

average (recall that aggregate household consumption grew by 60%). It would be 

considerably less accurate to suppose that growth in the consumption of these commodities 

could be approximated by the average growth in household consumption.

The source of data for food and beverages was AROAF 2004. This data is described in 

greater detail in Section 3.3.8. The AROAF data for the aggregate purchasers’ value of 

Food and Beverages was consistent with the NIE data. The value of food and beverages 

consumed in restaurants and pubs was excluded. The value o f “meals out” is published in 

AROAF but the value of beverages consumed in pubs was not available. This was 

estimated to be three-quarters of the value of all beverages consumed. Hence the value at 

purchasers’ prices of food and beverages consumed in the home was estimated to be 

€9159m.

The remaining commodities in Table 3.8 were chosen because o f the similarity of the 

values published in 1-0 1998 and NIE 2003. These are also non-typical commodities, 

exhibiting growth which differs markedly from the average growth in household 

consumption. In particular, household consumption of post and telecommunication 

services grew by 154% over the period.

In 1-0 1998, the business services commodity includes rental on dwellings, as well as 

imputed rent. Imputed rent is the value of rent which is estimated for owner-occupied 

dwellings. The 1-0 1998 value for expenditure on business services exceeds the NIE value 

of expenditure on housing by 5%. However, given that a very large proportion of business 

services is the value o f housing rentals, the NIE growth in expenditure on housing provides 

a suitable proxy for growth in business services. Expenditure on housing doubled over the 

period 1998 to 2003.

The remaining commodities are treated as residuals. There are two adding-up constraints. 

Total household demand must be consistent with the known value o f aggregate household 

demand, and total sales o f each commodity must be consistent with the totals derived in 

Section 3.3.3.
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The three types o f households identified in 1MAGE2 are Urban, Farm, and Rural Non

farm. The most recent available data on expenditure by these types o f households was 

obtained from the Household Budget Survey 1999-2000 (HBS) (CSO 2002). The HBS 

data were only used to disaggregate household expenditure by household type, and not to 

determine total household expenditure by commodity, which was determined by NIE data 

as explained previously.

In general the HBS data has been treated with caution. According to HBS, household 

average weekly expenditure in 1999-2000 was €577.72, and average household size was 

3.08 persons. With a state population o f 3,765,800^^ (CSO 2004h), this equates to annual 

national household expenditure o f €36932m, well short o f NIE data for 1999 (€4372 Im) or 

2000 (€49488m). One source o f this discrepancy is imputed rent, which is included in the 

NIE data but not the HBS which only records expenditure which actually took place. 

Further, note that in Table 3.9 the proportions in 1MAGE2, based on NIE 2003 and I-O 

1998, differ markedly from the proportions published in HBS. This is why HBS has been 

used only to inform the expenditure breakdown by household type, and not by commodity 

type.

The approach taken has been to use HBS data to determine the proportions o f expenditure 

by each type o f household. Urban households account for the vast majority, at 68% of 

total expenditure, with rural non-farm households accounting for 25% and farm households 

the remaining 7%. In the absence o f any further information, these proportions could be 

applied to every commodity, implying no difference between the spending patterns o f  the 

different types o f households. This was the initial step taken in the allocation o f household 

expenditure.

I f  the HBS data indicated that expenditure by a household type on a particular commodity 

did not conform to the national consumption pattern, the data were then adjusted 

accordingly. In this way, total household expenditure by commodity still aligned with the 

NIE data, while total expenditure by each type o f household aligned with HBS data. 

Selected data from the HBS are shown in Table 3.9.

“  Average population size between 1999 and 2000.
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Table 3.9 Proportion of expenditure on selected commodities (%), HBS 1999-2000

Commodity

Household type

Urban Farm Rural non
farm

Average
(HBS)

Average
(IMAGE2)

Food 19.2 25.0 22.3 20.3 16.3

Housing 10.7 3.8 8.2 9.6 19.3

Transport 15.1 21.7 18.5 16.4 3.2

Services 26.8 24.2 23.1 25.7 24.0

Other 28.2 25.3 27.9 28.0 37.2

Total 100.0 100.0 100.0 100.0 100.0

The HBS data indicate where consumer spending patterns differ by household type. In 

particular, farm households spend a greater than average proportion of their budget on 

food, while spending less on housing. Urban households spend a greater than average 

proportion of their budget on services, but less on transport. To capture these differences, 

the deviations from average were imposed. The deviations from average were chosen in 

preference to the actual proportions from HBS, because the exact concordance between the 

data sources was unclear. Therefore, farm consumption of food was calculated as:

V7>BAS S(C03FoodBev, HlFarm) = * 70/̂  * 5721 = 551
-   ̂ ' 20.3%

where €672 Im is total expenditure on food and beverages at basic prices. This is

multiplied by 7% to find expenditure by farm households on food and beverages, as though 

farm households had an average spending pattern. It is then adjusted upwards to reflect the 

above average proportion of farm household spending on food.

These types of changes were imposed explicitly in relation to farm household spending on 

food and housing, and urban spending on transport and services, using a type of RAS 

procedure. Because these adjustments were made while maintaining row and column 

totals, the remaining data did not need to be explicitly adjusted. For example, when farm 

expenditure on food was increased, urban and rural expenditure on food decreased so that 

total expenditure on food was unchanged. Similarly, farm expenditure on other

commodities decreased so that total farm expenditure was unchanged.
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3.3.5 Exports
The approach taken to the estimation o f exports by commodity was similar to the approach 

for households. The data was obtained from the Table 13.5 in the Statistical Yearbook of 

Ireland 2004 (YB 2004) (CSO, 2004). Unfortunately, trade statistics are classified 

according to SITC (Rev 3), while the I-O 1998 statistics use the NACE classification. The 

approach taken to finding a concordance between 1-0 1998 and YB 2003 is similar to that 

taken with the household data. YB 2004 only publishes data for merchandise exports, so 

the difference between the NIE total (adjusted for re-exports) and the YB total is assumed 

to be total service exports. Table 3.11 (page 112) shows growth rates calculated for 

selected commodities. The values published in YB 2004 refer to basic prices.

Most of the commodities identified in YB 2004 fall into the Industrial sector. Like the 

household data, in some cases the concordance between 1-0 1998 and YB 2004 is poor. 

However, YB growth rates are used because they probably provide a better approximation 

than a combination of average growth in exports (73%) and sectoral growth (58% for 

industrial commodities). Because of the poor concordance between YB 2004 and 1-0 

1998, growth rates rather than values from YB 2004 are used.

Table 3.11 shows that at the commodity level, there is wide variation in the change in 

exports over the period. On average, exports of commodities identified in YB2004 grew 

by 43% from 1998 to 2003. Commodities which experienced a decline in exports include 

Wearing Apparel (-28%), Textiles (-20%), Leather and Leather products (-22%), and 

Motor Vehicles (-9%). Exports o f Electrical machinery and Communications apparatus 

grew by only 1.5% over the period. This was the result of a large decline in exports of 

these commodities after 2001, before which exports grew by 29% per annum. Similarly, 

exports of Office Machinery and Computers increased by only 14% over the period, or 

2.7% per annum. This occurred after growth of 17% per annum from 1998 until 2001, and 

a decline in exports thereafter.

Exports of Services experienced particularly strong growth of 213% over the period, or 

26% per annum. In 1998, Services comprised 15% of total exports, and by 2003 they 

comprised 27% of total exports. Other commodities for which exports grew strongly 

include Medical, precision and optical instruments, increasing by 120%, and Chemical 

products and man-made fibres, with growth o f 98%. By 2003, Chemical Products was the
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largest single export item, accounting for 43% of merchandise exports identified in YB 

2004.

The three export destinations identified in 1MAGE2 are the United Kingdom, the rest of 

the EU, and the rest of the world. Data for aggregate exports by destination are published 

in YB 2004, but there is no cross classification of exports by commodity and destination. 

The destination of the majority of Irish exports is the EU, with 18% sold to the UK and 

43% to the rest of the EU, accounting for 61.3% of exports in 2003.

Data for exports of food by destination are published in AROAF 2003. In 2003, the UK 

was the destination for 45% of food exports, with a further 29% destined for the rest of the 

EU and the remaining 26% to the rest o f the world. Therefore, the disaggregation of food 

exports by destination is fairly atypical.

To disaggregate exports by destination, total exports were disaggregated according to the 

proportions in YB2004. Food exports were disaggregated according to the DAF data, and 

all other commodities were treated as residual. The final proportions are shown in Table

3.10.

Table 3.10 Exports by destination (%), 2003

UK Rest of EU Rest of World Total

Food 45.2 28.9 25.9 100.0

Other 16.2 44.1 39.6 100.0

Total 18.1 43.2 38.7 100.0

1 1 1



Table 3.11 Exports, selected commodities: 1998 and 2003.

I-O 1998 1-0 YB name(s) YB Differ YB Growth
name(s) (1-0 1998 (SITC code(s) in value. ence, value, (%)
Commodity value brackets) 1998 YB 2003 based
code in (€m), (€m) and (€m) on YB
brackets) basic 1-0 data

prices 1998
(%)

Agriculture, 
forestry and 
fishing (1)

533.8 Live animals (Source 
AROAF 2004)

n.a. n.a. 238.3 -55.4

M ining and 
quarrying 
products (2)

156.6 Mineral fuels, 
lubricants and related 
materials (3)

150.7 -3.8 199.3 32.2

Food and 
beverages (3)

6559.0 Food (various) 
(Source AROAF 
2004)

n.a. n.a. 6549.9 7.2

Tobacco 
products (4)

51.3 Tobacco and tobacco 
manufactures (12)

50.9 -0.9 94.6 85.9

Textiles (5) 564.4 Textile fibres and 
their wastes (26) + 
Textile yarn, fabrics, 
made-up articles and 
related products (65)

576 2.1 460.2 -20.1

W earing Apparel 
(6)

332.5 Articles o f  apparel; 
clothing accessories 
(84)

448.6 34.9 322.4 -28.1

Leather and 
leather products 
(7)

107.8 Leather; leather 
manufactures n.e.s.; 
dressed furskins (61) 
+ Travel goods, 
handbags and similar 
containers (83) + 
F oo tw ear(85)

106.7 -1.0 83.5 -21.7

Wood and wood 
products (8)

156.9 Cork and wood (24), 
Cork and wood 
manufactures (63)

160.5 2.3 287 78.8

Chemical 
products and 
man-made fibres 
(11)

17657.1 Chemicals and related 
products n.e.s (5) 
excluding Plastics in 
primary forms (57) 
and Plastics in non
primary forms (58)

17848.1 1.1 35350.3 98.1
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O ther non- 
m etallic m ineral 
p roducts (13)

B asic m etals (14)

F abricated  metal 
p roducts (15)

E lectrical 
m achinery  and 
apparatus (18)

R adio, television 
and
com m unications 
apparatus (19)

M edical, 
precision and 
optical
instrum ents (20)

M otor vehicles 
and trailers (21)

Services (31 -  
48)

393.4 C rude anim al and 
vegetab le m aterials 
n.e.s. (29), N on- 
m etallic m ineral 
m anufactures n.e.s. 
(66)

439 11.6 448.1 2 . 1

500.7

436.9

O ffice m achinery 12468.1
and com puters
(17)

2487.0

3057.2

M etalliferous ores and 
m etal scrap (28), Iron 
and steel (67), N on- 
ferrous m etals (68), 
M anufactures o f  
m etals n .e.s (69)

O ffice m achines and 
au tom atic data 
processing  m achines 
(75)

T elecom m unications 
and sound equipm ent 
(76), E lectrical 
m achinery , apparatus 
and appliances n.e.s. 
and parts (77)

1997.5 Professional,
scientific  and 
contro lling  apparatus 
n.e.s. (87), 
Photographic 
apparatus; optical 
goods; w atches and 
clocks (88)

371.3 R oad vehicles (78)

7618.0 Residual 63

O ther (9, 10, 12, 6997.3 V arious
16, 22, 23)* '̂'

65

944.2

12940.2

6362.6

1790.6

376.4

9745.2

9510.1

0.7 1123.8 19.0

3.8 14795.9 14.3

14.8 6457.9 1.5

-10.4 3941.9 120.1

1.4 343.3

27.9 30583.5 213 .J

35.9  11539.5 21.3

Difference between NIE 2003 total exports (includes service exports) and YB 2004 exports (merchandise 
exports only).
^  Note that the remaining commodities (24 -  30) are not exported.

Includes Miscellaneous manufactured articles (89), €423 Im; Commodities and transactions not classified 
elsewhere (9), €1942m; Unclassified estimates, €66lm , and the remaining items from YB2004.
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3.3.6 Investment

Data for investment was taken from Table 15 in NIE 2003. The approach taken was the 

same as the approach used for household and export data. Values for 1998 published in 1- 

O 1998 and NIE 2003 were compared to find a concordance between the commodities 

identified, and NIE 2003 values were used to populate the 2003 database. The 

concordance is shown in Table 3.12.

Table 3.12 Investment by commodity: 1998 and 2003.

1-0 1998 name 1-0 1998 NIE name NIE Difference NIE
value (€m), value, between value,
purchaser 1998 NIE and 1-0 2003

prices (€m) 1998 (%) (€m)

Various^^ 3654
Agricultural machinery 

Other machinery

251

3669
7.3%

223

4245

21. Motor 2197
Vehicles and
Trailers 

22. Other 291
Transport equipment 2489 0.0% 3533

transport
equipment

27.
Construction

Dwellings 5315 13785

9870 Roads

Other construction

Costs associated with 
transfer of land and

643

3907

717

-0.1% 1779

5572

1869

40. Business 
Services 1026 buildings

Software

Exploration

178

175

4.3%
344

327

45. Recreation 95 Artistic originals 95 0.0% 138

Other^^ 95 0 -100.0% 0

Total 17228 Total 17439 1.2% 31815

“  1-0 commodities 15, 16, 17, 18, 19, 20, and 23.
1-0 1998 identifies a small amount o f  investment in the commodities Agriculture, forestry and fishing; 

Textiles; and Wood and wood products.
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The concordance between investment data pubhshed in I-O 1998 and NIE 2003 is very 

close. In particular, for the major investment commodity. Construction, the data differ by 

only 0.1%. Unlike Household and Export data, where growth rates rather than actual 

values were used because the concordance between published data for some commodities 

was unclear, for Investment, the published values in NIE 2003 were used in the IMAGE2 

2003 database.

A small amount o f investment in the commodities Agriculture, Forestry and Fishing, 

Textiles, and Wood and wood products was identified in 1-0 1998. This does not appear to 

correspond with any commodities identified in NIE 2003. Given that investment in these 

commodities contributed very little to total investment in 1998 (0.6%), it is assumed to be 

zero in 2003.

The 85% growth in total investment is fuelled mainly by growth o f 114% in construction, 

which increased its total share o f  investment from 57% to 66%. In contrast, investment in 

various types o f machinery and equipment grew by 30%. Investment in Business Services 

expanded by 148%, but Business Services remains a relatively small investment 

commodity, accounting for 8%> o f total investment in 2003.

Investment is also disaggregated into industries. Data for investment by sector o f use is 

published in NIE 2003, but a cross classification o f  investment by commodity and industry 

is not published. To cross classify the data, CSO statistics from a number o f publications 

were used. The NIE data was used as a benchmark and the detail was provided by other 

sources.

Agricultural investment data for 2003 was published in the DAF statistical compendium 

(DAF 2005b). Data for investment in the manufacturing industries was published in 

respect o f 2002 in the Census o f  Industrial Production (CIP) (CSO 2004b). For services 

industries, data for investment in 2003 was available in the Annual Services Inquiry (ASI) 

(CSO 2005a). For the few industries for which there was no other source o f information, 

the economy wide investment to capital ratio was used to determine investment.
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3.3.7 Details of Agriculture

So far, “Agriculture, Forestry and Fishing” and “Food and Beverages” have been treated as 

single industries and commodities, following the I-O 1998 convention. However, for the 

agricultural simulation carried out in Chapter 4, greater detail is required. In the IMAGE2 

database. Agriculture, Forestry and Fishing is disaggregated into 14 commodities and 13 

industries, while Food and Beverages is combined with Tobacco and disaggregated into 7 

commodities and industries. In this section, the disaggregation o f Agriculture, Forestry 

and Fishing is described, while the disaggregation o f Food and Beverages and Tobacco is 

described in the following section.

The main source o f agricultural data was OIIA 2003, with supplementary data from 

AROAF 2003 and 2004, the National Farm Survey (NFS) and other estimates from 

O ’Toole and Matthews (2002a) and Henry (Matthews 2000).

The value o f output published in OIIA, with some adjustments, was used to build a new 

MAKE matrix. O f the 18 commodities identified in OIIA, Forage Plants were excluded 

because they are consumed entirely within the agriculture sector; Barley, Wheat and Oats 

were aggregated to form Cereals; M ushrooms, Other Fresh Vegetables and Fresh Fruit 

were combined into Fruit and Vegetables; Turf and Other Crops comprised IMAGE2 

commodity Other Crops; and Other Livestock Products were assumed to be Wool and 

included in Sheep and Wool. Product subsidies were added to the OIIA values, published 

at producer prices, to obtain output at basic prices.

Calves were identified as a separate commodity because they form an essential link 

between the production o f Milk and B eef Cattle. The estimation o f the value o f Calves 

produced is described here. Only calves for beef are considered. Dairy calves are assumed 

to be bred within the Milk industry, and intra-industry trade is not considered. Bull calves, 

surplus heifer calves, and cull cows from the M ilk industry are sold to the Cattle industry, 

and all calves bom in the Cattle industry remain in the Cattle industry.

In 2003, cattle numbers fell by 109,000 head (DAF 2005b). There were 2,067,000 cattle 

slaughtered or exported live, which implies that 1,958,000 cattle entered the industry. 

There were 1000 “fat and breeding animals” imported, and the remaining additional cattle 

are assumed to be 1,957,000 domestically bred calves.
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The output o f  calves needs to be attributed to the Milk and Cattle industries. Given that 

there were approximately the same number o f  breeding Dairy Cows and Other cows (CSO 

2004c), half o f  the calves are assumed to be produced by each industry.

O f the calves produced in the Milk industry, half are assumed to be female. A dairy cow 

has a milking life o f approximately five years, so 20% o f the milking cows must be 

replaced with new calves each year. The cull cows are sold to the Cattle industry along 

with the remaining calves. For simplicity, the cull cows are assumed to be worth the same 

per head as the calves. Therefore, output o f beef animals by the dairy industry is 978,500 

head. Output o f calves by the cattle industry is also 978,500 head.

The prices o f the calves are estimated to be €170 per head for dairy bull calves or cull cows 

and €280 per head for other calves (Irish Farmers Journal 2005). Therefore the value of 

output o f calves and cull cows is estimated to be € 166.3m by the Milk industry and €274.0 

by the Cattle industry.

Subsidies on products are shown in Table 3.13. Data for product subsidies were sourced 

from DAF, and differed very slightly from the values published in OIIA. The particular 

schemes identified as subsidies on products are those where the subsidy paid was linked to 

the output produced, effectively increasing the product price received by the farmer. 

Although the Suckler Cow and Ewe premia are actually paid on the basis o f herd sizes 

rather than output, herd size and output are closely linked, albeit with a time delay. In the 

comparative static version o f IMAGE2, these premia are modelled as commodity 

subsidies. However, if  the model was to incorporate dynamic adjustment, more care would 

be required in the allocation o f  these subsidies.
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Table 3.13 Subsidies on Products, 2003 (€ million)

Scheme Commodity Amount (€m)

Suckler Cow Premium Cattle 243.0

Special Beef Premium Cattle 279.1

New Slaughter Premium Cattle 141.0

National Envelope- Heifer Top-up Cattle 11.0

National Envelope -  Dry and Calved Heifer Cattle 21.0

Total Cattle Subsidies 695.1

Ewe Premium Sheep 104.5

National Envelope -  Ewe Sheep 4.8

Total Sheep Subsidies 109.3

Arable Aid Scheme Cereals 133.7

Total Cereals Subsidies 133.7

Total Subsidies on Products 938.1

Source: DAF 2004

Data for agricultural value added was taken from OIIA. Value added for Forestry and 

Fishing was assumed to be the difference between the NIE data for “Agriculture, Forestry 

and Fishing” and the OIIA data which covers Agriculture only. Agricultural gross value 

added at factor cost is € 3 188m, o f which 68% is operating surplus after depreciation and 

compensation o f employees. Because o f  the prevalence o f family labour and owner 

occupied land used in farming, difficulty arises in attributing operating surplus to the 

factors o f production.

Henry estimated that approximately half o f  agricultural value added is attributable to 

labour input, with the remaining accruing to capital (approximately 30%) and land 

(approximately 20%). He also estimated that the production o f Sheep and Cattle is 

relatively labour intensive, whilst Cereals are more land intensive and Milk, Pigs, Poultry, 

and crops other than cereals are relatively capital intensive. The use o f land in farming 

Pigs and Poultry is insignificant and approximately equal to zero. Bearing these factors in 

mind, the decomposition o f agricultural value added used in IMAGE2 is shown in Table 

3.14.
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At factor cost, 19% o f  agricultural gross value added is production subsidies net o f  taxes. 

T hese subsidies are distributed betw een the agricultural activities in proportion to gross 

value added.

Table 3.14 Gross Value Added at Factor Cost in Agriculture, 2003

Labour Capital (inch 
depreciation)

Land Total

Activity €m % €m % €m % €m %

M ilk 450.5 14.1 420.5 13.2 182.4 5.7 1053.4 33.0

C attle 735.4 23.1 244.3 7.7 227.8 7.1 1207.5 37.9

Sheep and 
W ool

155.4 4.9 17.6 0.6 40.1 1.3 213.1 6.7

Pigs 18.9 0.6 92.4 2.9 0.0 0.0 111.3 3.5

Poultry 9.2 0.3 44.8 1.4 0.0 0.0 53.9 1.7

H orses 14.3 0.4 44.8 1.4 38.9 1.2 97.9 3.1

Cereals 38.3 1.2 15.7 0.5 85.1 2.7 139.2 4.4

Fruit and 
V egetables

41.0 1.3 101.6 3.2 1.9 0.1 144.5 4.5

Sugar 13.3 0.4 28.0 0.9 6.2 0.2 47.4 1.5

Potatoes 17.3 0.5 36.5 1.1 8.1 0.3 61.9 1.9

O ther Crops 6.9 0.2 45.0 1.4 6.1 0.2 58.0 1.8

Total 1500.5 47.1 1091.2 34.2 596.5 18.7 3188.2 100.0

The disaggregation o f  value added has im portant ram ifications for sim ulation results. An 

industry’s elasticity o f  supply depends on its ability to substitute away from  the fixed 

factor or factors.^* In IM A G E2, this is determ ined by not only the value o f  the CES 

substitution elasticity, a param eter, but also by the share o f  the fixed factor in value added. 

Because the value added shares are estim ated, it is particularly  im portant to analyse the 

sensitivity o f  results w here the supply elasticity  is a significant determ inant.

Land and labour were further disaggregated into types o f  land and labour. This was done 

to constrain the m odel from  producing unrealistic results for changes in land or labour

The choice o f  which factor or factors to make fixed is determined in the model closure and usually reflects 
whether the simulation is short run or long run. See Chapter 2 for details.
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usage. Using land as an example, at one extreme, it is possible to specify a specialised 

type o f land for every agricultural purpose, so that the model would never produce results 

showing changes in land use. At the other extreme, all land can be assumed to possess the 

same qualities, so that it is perfectly transferable between all agricultural uses. In this case, 

simulation results are likely to show large changes in land use when some agricultural 

commodities become profitable relative to others.

In IMAGE2, an intermediate approach is taken, where three types o f land are identified. 

Wide Use land is used by all agricultural enterprises. Limited Use land is used for pasture 

but not crops, and also for forestry. Very Limited Use land is used for forestry only. 

Estimates for returns to land follow from O ’Toole and Matthews (2002a) who used the 

same approach in the IMAGE model.

Labour was disaggregated on a similar basis, with the intention o f constraining changes in 

labour use. Because the use o f labour is economy wide, the problem described above is 

even more pronounced. If  labour is assumed to be generic and perfectly adaptable to 

employment in any industry, the model is likely to produce results showing large 

movements in labour. To improve upon this situation, three types o f labour, or occupation, 

are identified in IMAGE2. Immobile Agricultural labour is employed in agricultural 

industries only, and may switch between agricultural uses only. Mobile Agricultural 

labour is employed in all industries, and Other labour is employed in non-agricultural 

industries only.

The labour data in Table 3.14 was disaggregated into occupations using data from the 2003 

National Farm Survey (NFS) (Teagasc 2004). For agricultural industries, define

V O LA B _O (i)= V 0LA B {i,’'Mobile")+ V Q L A B { i : ' I m m o b i l e ' ' ) Eq. 3.1

V0LAB_O(i), the value o f labour used in industry /, is shown in Table 3.14, and the NFS is 

used to find V0LAB(i,“M obile”) and VOLAB(i,“Immobile”), as described below.

For a reference on 1MAGE2 names, see Chapter 2.
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The NFS gives the percentage of farms where the farmer and/or spouse holds an off-farm 

job. These farmers are considered to use mobile labour. Let OFJ(i) be the proportion of 

farms in industry / in which the farmer has an off-farm job. Then

Qp Hl ) ^  N{i,"Mobile") Eq. 3.2
 ̂ ’ N{i, " Mobile") + N{i, " Immobile")

N{i,"Mobile") _ OFj{i) Eq. 3.3
N{i," Immobile") 1 -  OFj{i)

where N(i,j) denotes the number of farms in industry / of type j  (farms where the farmer 

holds or does not hold an off-farm job).

For farms where the farmer does not hold an off-farm job, the average family farm income 

is higher, at approximately 187% of the average for farms where the farmer does have an 

off-farm job. This may reflect on either the efficiency of the farmer and the number of 

hours worked on the farm, or both. To find the total returns to mobile and immobile 

labour, it will be shown that it does not matter whether we assume greater efficiency or 

greater hours worked on farms with immobile labour.

The return to labour for occupation o used in industry z is defined as

VQLAB{i,o)= POLAB{i,o)* X\LAB{i,o). Eq. 3.4

If we assume equal efficiency, with more hours worked in farms where the farmer does not 

hold an off-farm job, then the returns to labour are equal, i.e.

POLAB{i,"Immobile") = POLAB{i,"Mobile") Eq. 3.5

and the relationship between number of hours worked per farm is

X\LAB{i,"Immobile") _ X\LAB{i,"Mobile") Eq. 3.6
jV(/, " Immobile") N(i, " Mobile")

=> X\LAB{i,"Immobile") = ER * X\LAB{i,"Mobile")* -  7̂ ^
'   ̂  ̂  ̂ N{i," Mobile")
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^  X\LAB{i,"  Immobile'') = ER * X \LAB{i,"  Mobile")*^—

where ER is the earnings ratio o f  family farm income on farms where the farmer does not 

have an off-farm job  to that where the farmer does. The value o f ER is 1.87.

Substituting 3.4 into 3.1,

V O LA B _0{i)  = X\LAB{i,"Mobile")* POLAB{i,"Mobile") Eq. 3.9

+ X\LAB{i,"Immobile")* POLAB{i,"Immobile")'

Now substituting in 3.5 and 3.8:

V 0L A B _O (i)  = X\LA B{i"M obile")*  POLAB{i"Mobile") Eq. 3.10

+ ER * X \L A B {i," Mobile")*  ̂ * PQLAB{i," Mobile")

Finally, rearrange to find 

V^LABdrMoMW).
^'-OFj{i)^

\ + ER
\ OFj{i)

To invoke the alternative assumption o f  equal hours worked in all farms, with greater

efficiency in specialised or immobile farm labour, assume

POLAB{i,"Immobile") = ER * POLAB{i,"Mobile") Eq. 3.12

and

X lL A B ji , " Immobile") X \LA B {i , " Mobile") Eq.3.13
N { i"  Immobile") ~ N { i"  Mobile")

Working through a similar process as in equations 3.9 to 3.11, the same result is found.

Total returns to immobile agricultural labour are found by subtracting returns to mobile 

labour from total returns labour used in agriculture.
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The final step is to find returns to mobile labour used in other industries. According to 

NFS, for farms where the farmer has an off-farm job, 72% o f total income is earned in the 

off-farm job. Therefore,

OFF
Y ,  VOLAB{i;'Mobile") = ^ VQ LAB[jM obi le" )*---- Eq. 3.14

islOTHER jelAG Rl \ - O F E

where lAGRI denotes agricultural industries, lOTHER denotes non-agricultural industries, 

and OFE = 0.72 is the percentage o f off-farm earnings.

The final item in the agricultural accounts is total subsidies net o f taxes on production, 

which was €590m (OIIA). Although an exact breakdown was not available, AROAF data 

shows that the subsidies consisted o f payments such as the Area-based Compensatory 

Allowance Scheme (€238m), Extensification premia (€154m), the Rural Environment 

Protection Scheme (€181m), and various disease eradication schemes (€63m). Taxes on 

agricultural production included motor taxes and VAT over or under compensation (OIIA).
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3.3.8 Details of Food Processing

The I-O commodities “Food and Beverages” and “Tobacco Products” were combined and 

disaggregated into 7 commodities, and corresponding industries.™ Data for Output, 

Exports, Imports, and Household consumption were sourced from AROAF 2003 and 2004.

Table 3.15 Supply and Use of Food, Beverages and Tobacco, € million, basic prices^*

Supply Use Total

Domestic
Output

Imports House
hold

Export Inter
mediate

Other

Animal Feed 1055.0 218.5 0.0 147.2 1126.2 0.1 1273.5

Beef 2324.0 65.0 1021 1179.2 188.7 0.1 2389.0

Sheepmeat 306.4 9.9 145.9 156.5 13.9 0.0 316.3

Pork and 
Poultry

981.6 19.4 291.7 494.6 214.6 0.0 1000.9

Milk Products 2463.0 82.1 597.3 1585.4 356.7 5.7 2545.1

Other Food 6907.0 649.3 2787.9 2207.3 2560.5 0.6 7556.3

Beverages 
and Tobacco

2694.0 782.9 1551.9 1070.5 853.2 1.3 3476.9

Total 16731.0 1827.1 6395.7 6840.7 5313.8 7.8 18558.0

Domestic supply data are taken directly from DAF. Meat output as published in DAF was 

estimated to comprise 64% Beef, 9% Sheepmeat, and 27% Pork and Poultry, which is 

consistent with both shares of exports (DAF) and shares of primary agricultural production 

(OlIA).

The total value of imports of agri-food commodities was €4032m. This was assumed to 

comprise o f at least 50% agricultural imports, with an estimated € 1834m remaining 

imports of food, beverages and tobacco.

Exports are valued at basic prices, that is, inclusive of the €202m export subsidy. All 

commodities listed in DAF as agri-food export products are assumed to fall into the Food,

™ The Processed Food commodities in IMAGE2 are Animal Feed, Beef, Mutton, Pork and Poultry, Milk 
Products, Other Food, and Beverages and Tobacco.

Note that there are no product taxes or subsidies, so basic prices are equivalent to producer prices.
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Beverages and Tobacco category, except Live Animals, which are assumed to be 

Agricultural commodities.

The value o f household expenditure at purchasers’ prices consisted o f  expenditure on food 

(€5.4b), drinks (€6.7b), tobacco (€2.Ob) and meals out (€1.6b). In the IMAGE2 database, 

household expenditure on food, beverages and tobacco includes only those consumed in 

the home. Drinks and meals consumed in pubs or restaurants are counted as expenditure 

on Hotels and Restaurants. Given that the total supply o f  Beverages and Tobacco (€3.5b) 

less exports o f Beverages and Tobacco (€ l.lb )  is only €2.4b, a large proportion of 

household expenditure on drinks and tobacco (€8.7b) must be taxes, retail margins, and 

hotel margins (€8.7b -  €2.4b = €6.3b). Taxes and margins on tobacco account for 

approximately €1.7 billion, o f which the majority is taxes. Therefore, margins and taxes 

on beverages are approxim.ately €4.6b. Given the high margins on drinks, approximately 

three-quarters o f expenditure on beverages is assumed to take place in pubs. Bearing in 

mind that the value added to a drink served in a pub is much greater than that to a drink 

sold in a supermarket, this appears to be a reasonable estimate.

The main Intermediate usage o f Food, Beverages and Tobacco occurs in the Hotels and 

Restaurants industry, which uses food and drink inputs, and the Agricultural sector, which 

uses Animal Feed. There is also some food input into the food sector itself.
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3.3.9 Emissions of Greenhouse Gases

The greenhouse gas (GHG) coefficients used are based on those established by Behan 

(2003) using data from the Irish Department o f  Environment. The main source o f 

agricultural GHG emissions in 2003 was enteric fermentation, responsible for 52% of 

emissions. Manure management was responsible for a further 11 % of emissions. The 

remaining 37% o f emissions were released from agricultural soils, o f which the use of 

synthetic fertiliser in both livestock and crop production accounted for 50% o f emissions. 

The emissions from this source were allocated to each agricultural industry using fertiliser 

application rates from the FAPRI-Ireland model. The remaining soils emissions were from 

manure based fertilisers which are assumed to be linked to the production o f the relevant 

livestock. Sources o f agricultural GHG emissions by sector are shown in Table 3.16.

Table 3.16 Sources of Agricultural Greenhouse Gas Emissions

Sector Share of Agricultural 
Emissions (%)

Milk 24.7

Beef 58.6

Sheep and Wool 10.0

Other Livestock 2.8

Cereals 1.9

Fruit and Vegetables 0.6

Root and Green Crops 0.8

Other Crops 0.6
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3.4 Parameter values
Demand elasticities and substitution elasticities are an important ingredient o f the model. 

Most values used in IMAGE2 are based on estimates from the Global Trade Analysis 

Project (GTAP) (Dimaranan and McDougall 2005). Full documentation o f parameter 

values is in O ’Toole and Matthews (2001b). The main parameter values used are 

reproduced in Appendix 3.5.

Sensitivity analysis provides an important check o f  the validity o f model results, as results 

are often driven by the relative impact o f output effects, which are influenced by the 

elasticity o f demand, and substitution effects. This is further developed in Chapter 4.

3.5 Conclusion
The IMAGE2 database is highly detailed and draws on many sources. Aggregate measures 

in the database, such as the components o f  value added and expenditure on GDP, are taken 

from the National Accounts for 2003. The details are taken from several sources, primarily 

the 1998 Input Output table. Many judgem ents about data quality and concordances 

between various sectoral or commodity classifications are described in this chapter. The 

final product is the most detailed and recent database suitable for a CGE model o f the Irish 

economy.

While the IMAGE2 database covers the whole economy, the agriculture and food 

processing sectors are particularly detailed. This level o f detail is necessary in order to 

capture the salient features o f the Mid Term Review. Most data describing the agriculture 

and food processing sectors, including output, subsidies, value added, trade, investment, 

and household consumption, are available from CSO or DAF. However, some estimation 

was necessary, particularly for the breakdown o f value added into its components o f  land, 

labour, and capital.
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Appendix 3.1 Creation of the IIVIAGE2 database

C S0I098.har

Adjusterl. tab

agribalance.tab

NFS2003.har

Check, tab check.cmf IMAGE 01 har
1

adjusterl .cmf ADJUSTER .udc

NIE2003.har

HBS9900.har IMAGEOl.upd
fmdembd.cmf

EXPORTS.bar findembd.har

fmdembd.tab
ClP2002.har

imagestylel .cmfimagestylel.tab
AS 2003 .bar

mergeagri.tab
DAF03.har

mergeagri.cmf2003 13b.har

O A2003.har
Henry

estimates

IMAGESTYLEl.har

—► mergeagri.har

-̂-------- ^
agribalance.cmf

FarmOccupation.tab

FarmOccupation.cmf
1

AGRIBALANCE.har

IMAGEDATA.har
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Filename
(.har)

Source Contribution to IMAGE2

C S01098 1998 Supply and Use Input Output 
Tables, CSO 2004

Input Output coefficients

NIE2003 National Income and Expenditure 2003, 
CSO 2004

Macro data for final demand, 
value added, and income flows

HBS9900 Household Budget Survey 1999-2000, 
CSO 2002.

Household expenditure by 
household type

EXPORTS Statistical Yearbook o f Ireland 2004, 
CSO 2004 (Chapter 13).

Exports by destination

C1P2002 Census o f  Industrial Production 2002, 
CSO 2004.

Investment by manufacturing 
industries

AS12003 Annual Services Inquiry 2003, CSO 
2005.

Investment by service industries

DAF2003 Annual Review and Outlook for 
Agriculture and Food 2003/2003, 
Department o f Agriculture and Food 
2004

CAP instruments. Food exports. 
Agricultural investment

OIIA2003 Output, Input and Income in 
Agriculture 2003, CSO 2004

Agricultural output and value 
added

Henry
estimates

Estimates by Henry, reported in 
Matthews (2000) and O ’Toole and 
Matthews (2002a)

Value added breakdown for 
agriculture, structure o f 
intermediate inputs to agriculture

NFS2003 National Farm Survey 2003, Teagasc 
2004.

Occupational disaggregation
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Appendix 3.2 The RAS Procedure
The RAS procedure used in this chapter to balance the 1998 Input-Output data with known 

aggregates for 2003 is an example o f  a cross entropy minimisation model (McDougall 

1999). The aim o f an entropy procedure is to find a matrix A ’ which “closely resembles” 

another matrix while achieving target values for row and column totals. Achieving a 

close resemblance entails minimising an objective function which is some increasing 

function o f  the difference between the elements ofA^  and A^. The target values for the row 

and column totals act as constraints.

For the RAS procedure, choose values o f a'j to minimise the objective function

/ \ w n Ec]. 3 . 15

/(«;)=I I - , ;
/=1 j= \  My

where, defining a* as the if" element o f  and as the sum o f the elements o f A^,

Eq. 3 . 16
Gc'j = ^ , k e { 0 , \ }

The objective function is minimised subject to the constraints on column totals.

/ = i

and the constraints on row totals,

= " ' • •
7=1

Eq.  3 . 17

Eq.  3 . 18

The constraints in equations 3.17 and 3.18 can be rewritten as

a\
V a '
/ = i

and

Eq.  3 . 1 9
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n

7=1

Eq. 3.20

The Lagrangean function is then

m  It

;=1 ;=1 “' " I /=! E«.; -Z/'.
\;=1 y ;=1 1=1

a.

a .

Eq. 3.21

The first order conditions on Equation 3.21 are

dA
da'.

oc„
= l + l n - - - l ,  ~Mj = 0

o c . .

I -  -1  + A, +

1 / i , - l  0

Eq. 3.22

Eq. 3.23

Eq. 3.24

This solution shows that the elements o f  the new matrix A ' are found by multiplying each 

element o f A  ̂by a row multiplier ) and a column multiplier ).

Turning to the problem o f creating the 2003 database using row and column aggregates, 

along with Input-Output coefficient from 1998, assume the following. Ay is intermediate 

demand for commodity i by industry j .  F, is final demand for commodity i. Dj is total 

demand for commodity i. Vj is value added by industry j .  Sj is total supply by industry j .  

D, and Sj correspond respectively to the known row and column totals in the MAKE 

matrix.

Then

X 4 + F ,  = D ,V i
7=1

Eq. 3.25
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and

" Eq. 3.26Y.A+'',=syj.
/ = i

Taking the total differentials,

Eq. 3.27
dD, = y d A , ,  +dF,\fi

. / = !

and

" Eq. 3.28
dSj =Y^dA,^+dV^\fj,

1=1
2

we have 2n equations, with n + 2n unknowns.

Using the RAS procedure, the row and column multipliers found to exist in equation 3.24 

provide the required extra restrictions. Renaming the row multipliers as r, and column 

multipliers as Cy,

Eq. 3.29

dV^=Vc , ' ^ j  Eq. 3.30
J  J  .1

dF.=F,r. \/ i  Eq. 3.31
/  I  I

Therefore

='ZAj{n +Cj ) +F, r , \ f i
j= i

and

i=]

We can now solve for 2n unknowns (c/ and rj), using 2n equations. 

Rearranging 3.32,

Eq. 3.32

Eq. 3.33
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dD. =
\j=\ y ./=!

dD, = D ,r ,+ Y , A,^c^yi 
y=i

dD- A
-  = r + > — c V i  

' ^  D. ^D, y=i

d,  = r , + ^ R , j C y i
y=i

Eq. 3.34

Eq. 3.35

Eq. 3.36

Eq. 3.37

dD A,
where J , = represents the proportional change in A , and 7?̂  = represents

the share o f intermediate usage by industry /  in total demand for commodity i. Note that
n

0 < 7?y < IV/, 7  and
/  = !

Similarly, rearranging 3.33,

dS^ =
V  / = ! / = !

dSj =S,Cj + ^ A , j r y j
/ = l

dS  ” A

,=i

=^;+Zc,r,y/-
<=1

Eq. 3.38

Eq. 3.39

Eq. 3.40

Eq. 3.41

dS, A,.
where =  VJ represents the proportional change in Sj, and = —^ V i , j  represents

Sj Sj

the share o f intermediate usage o f commodity / in total inputs to industry j .  Note that

0 < Cy < IV/, 7  and < IV/’ .
1=1

Combining 3.37 and 3.41 in matrix notation.
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"  1 0 Cu ■

1

. 
.

0 1 c,„ ■ Cn

,̂1 • • •  K 1 0 d,

*51 ■ Kn 0 1

Eq. 3.42

or

Ax = z Eq. 3.43

where A, x, and z are appropriately defined respectively as a matrix o f coefficients, a vector 

o f RAS multipliers, and a vector o f  exogenous changes to row and column totals.

A has a dominant diagonal, hence A is non-singular, and a solution exists for x. Hence,

x = A z Eq. 3.44

A more complicated version o f this procedure is applied to the IMAGE2 dataset. In many 

cases, the values o f Sj and dj are supplemented with shifters in order to target intermediate 

totals, such as sectoral value added, as well as row and column totals.

A final consideration is that this procedure describes how to arrive at a matrix with 

specified row and column totals. However, in some cases, such as the flow from 

agriculture to food processing, this is not desirable. For example, the construction o f  the 

IMAGE2 database drew on CSO information for agricultural aggregates. Presumably 

changes to agricultural aggregates have downstream effects in the food processing 

industries. For example, it is not expected that an increase in the output o f  cattle would 

occur whilst holding constant the output o f processed beef. To enable a row (or column) 

total to be adjusted instead o f the elements o f a row, the row multiplier (r,) is made 

exogenous and the row total (J,) is made endogenous instead.
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Appendix 3.3 Sources of data

Table 3.17 Input -  Output Table: Sources of data

1 2 3 4 5 6 7 = sum(I to 6)
(= Col. 7. Table 2.2)

Industry Investment Households Rest of World Government Stocks Sub-total
dim i i h d I I

I commodity
(domestic)

c I-O 1998 and 
OIIA 2003

Total: 1-0 1998 
Detail: various

Total: 1-0 1998 
Detail: HBS

Total: 1-0 1998 
Detail: AROAF

1-0 1998 1-0 1998 1-0 1998

2 commodity
(imported)

c 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998

3 margins csm 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998
4 quota rent c
5 tax cs 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998 1-0 1998
6 labour o Total: 1-0 1998 

Occupations: 
NFS

7 capita! 1 1-0 1998
8 land I O ’Toole
9 other costs 1 1-0 1998
10 labour subsidy o
II capital subsidy I
12 land subsidy 

Total
I OIIA 2003

NIE 2003 NIE 2003 N IE 2003 NIE 2003



Table 3.18 Income table: Sources of data

1 2 3 4 5 6 7 = s u m ( l to 6 )
(  = Col. 7, Table 2 .1)

Industry Investment Households Rest of Government Stocks Total
______________________________________________________ World____________________________________________________
dim i i h d  1 1

I commodity
(domestic)

c I-O 1998 OIIA 2003

2 commodity
(imported)

c 1-0 1998 NIE 2003

3 margins csm
4 quota rent c Estimate
5 indirect taxes c
6 labour a NIE 2003, 

HBS, QNHS
N I E 2003

7 capital 1 NIE 2003 N I E 2003 NIE 2003
8 land I
9 other costs 1
10 labour subsidy o
11 capital subsidy 1
12 land subsidy I
13 net transfers h + d  + 1 N I E 2003 NIE 2003 NIE 2003
14 total current 

income
15 Savings 1 NIE 2003 NIE 2003 NIE 2003 NIE 2003 NIE 2003



Appendix 3.4 Concordance between 1-0 1998 industries 

and NIE 2003 Sectors
NIE Sector I-O Industries
Agriculture, Forestry 1. Agriculture, forestry and fishing
and fishing

Industry (including 2. M ining and quarrying products
building) ^ Food and beverages

4. Tobacco products

5. Textiles

6. Wearing Apparel

7. Leather and leather products

8. Wood and wood products (excl furniture)

9. Pulp, paper and paper products

10. Printed matter and recorded media

11. Chemical products and man-made fibres

12. Rubber and plastics

13. Other non-metallic mineral products

14. Basic metals

15. Fabricated metal products

16. Machinery and equipment n.e.c.

17. Office machinery and computers

19. Electrical machinery and apparatus

20. Medical, precision and optical instruments

21. M otor vehicles and trailers

22. Other transport equipment

23. Furniture and other manufactured goods n.e.c.

24. Recycling

25. Electricity and gas

26. Water collection and distribution

27. Construction
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Distribution, 28. M otor fuel and vehicle trade and repair
transport and 29. W holesale trade
communication

30. Retail trade and repair o f household goods

32. Land transport services

33. W ater transport services

34. A ir transport services

35. Auxiliary transport services and travel agencies

36. Post and telecommunication services

Public administration 41. Public administration and defence 
and defence

Other services 31. Hotel and restaurant services
(including rent) 37. Financial intermediation services

38. Insurance and pension services

39. Services auxiliary to financial intermediation

40. Business services

42. Education

43. Health and social work services

44. Membership organisation services n.e.c.

45. Recreation

46. Other services

47. Private households with employed persons

48. Extra-territorial services
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Appendix 3.5 Parameter Values

Table 3.19 Selected parameter values by commodity

Com modity Arm ington
Elasticity,

Interm ediate
Expenditure

Arm ington
Elasticity,
Investm ent

Expenditure

Armington
Elasticity,
Household

Expenditure

Dom estic - 
Export 

transform ation 
elasticity

Elasticity o f  Demand 
for Exports

UK Rest
o f

EU

Rest o f 
World

COlM ilk 2.8 2.8 2.8 1 -5 -5 -5

C02Cattle 5 2.8 2.8 1 -5 -5 -20

C02aD rC alf 5 2.8 2.8 1 -5 -5 -5

C03SheepW ool 2.8 2.8 2.8 1 -5 -5 -5

C04aPigs 2.8 2.8 2.8 1 -5 -5 -20

C04bPoultry 2.8 2.8 2.8 1 -5 -5 -20

C04cHorses 2.8 2.8 2.8 1 -5 -5 -20

COSCereals 5 2.2 2.2 1 -5 -5 -20

C06FruitVeg 2.2 2.2 2.2 1 -5 -5 -20

C07aSugar 2.2 2.2 2.2 1 -5 -5 -5

C07bPotatoes 2.2 2.2 2.2 1 -5 -5 -5

COSOtherCrop 2.2 2.2 2.2 1 -5 -5 -5

C09Forestry 5 2.8 2.8 1 -5 -5 -5

ClOFishing 2.8 2.8 2.8 1 -5 -5 -5

C l 1 AnimFeed 2.2 2.2 2.2 1 -5 -5 -5

C12PcB eef 5 2.2 5 0.5 -20 -20 -20

C lSPcM utton 5 2.2 5 0.5 -20 -20 -20

C14PcPorkPou 5 2.2 5 1 -20 -20 -20

C lSM ilkProds 5 2.2 5 0.5 -5 -5 -5

C 160therFood 2.2 2.2 2.2 1 -5 -5 -5

C17BevTob 3.1 3.1 3.1 1 -5 -5 -5

C02M ining 2.8 2.8 2.8 1 -5 -5 -5

COSTextiles 4 4 4 1 -5 -5 -5

C06Clothing 4 4 4 1 -5 -5 -5

COVLeather 4 4 4 1 -5 -5 -5

COSWoodProd 2.3 2.3 2.3 1 -5 -5 -5

C09Paper 2.3 2.3 2.3 1 -5 -5 -5

ClOPrinted 2.3 2.3 2.3 1 -5 -5 -5

C 11 Chemical 1.9 1.9 1.9 1 -5 -5 -5

C12RubbPlast 1.9 1.9 1.9 1 -5 -5 -5

C13NonM etM in 2.8 2.8 2.8 1 -5 -5 -5

C14BasM etal 2.8 2.8 2.8 1 -5 -5 -5
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C ISFabM etal 2.8 2.8 2.8 1 -5 -5 -5

C16M achEquip 3.2 3.2 3.2 1 -5 -5 -5

C17C om puters 3.2 3.2 3.2 1 -5 -5 -5

C lSE lecM ach 3.2 3.2 3.2 1 -5 -5 -5

C19C om m unA pp 3.2 3.2 3.2 1 -5 -5 -5

C 20M edInstr 3.2 3.2 3.2 1 -5 -5 -5

C21M otorV eh 3.2 3.2 3.2 1 -5 -5 -5

C 220thT ranE q 3.2 3.2 3.2 1 -5 -5 -5

C 230therM anu 2.8 2.8 2.8 1 -5 -5 -5

C 24R ecycling 1.9 1.9 1.9 1 -5 -5 -5

C 25ElecG as 2.8 2.8 2.8 1 -5 -5 -5

C 26W ater 2.8 2.8 2.8 1 -5 -5 -5

C 27C onstr 1.9 1.9 1.9 1 -5 -5 -5

C 28M otorServ 1.9 1.9 1.9 1 -5 -5 -5

C29W holesale 1.9 1.9 1.9 1 -5 -5 -5

C30Retail 1.9 1.9 1.9 1 -5 -5 -5

C3 IH otelR est 1.9 1.9 1.9 1 -5 -5 -5

C32LandTrans 1.9 1.9 1.9 1 -5 -5 -5

C33W aterTran 1.9 1.9 1.9 1 -5 -5 -5

C34A irTrans 1.9 1.9 1.9 1 -5 -5 -5

C35A uxTrans 1.9 1.9 1.9 1 -5 -5 -5

C36PostTelec 1.9 1.9 1.9 1 -5 -5 -5

C37FinServ 1.9 1.9 1.9 1 -5 -5 -5

C381nsurance 1.9 1.9 1.9 1 -5 -5 -5

C39AuxFinan 1.9 1.9 1.9 1 -5 -5 -5

C40BusServ 1.9 1.9 1.9 1 -5 -5 -5

C41PublicAdm 1.9 1.9 1.9 1 -5 -5 -5

C42Education 1.9 1.9 1.9 1 -5 -5 -5

C43Heallh 1.9 1.9 1.9 1 -5 -5 -5

C44M em berOrg 1.9 1.9 1.9 1 -5 -5 -5

C45Recre 1.9 1.9 1.9 1 -5 -5 -5

C 460 thS erv 1.9 1.9 1.9 1 -5 -5 -5

C47PrivHhEm p 1.9 1.9 1.9 1 -5 -5 -5

C48XTerrServ 1.9 1.9 1.9 1 -5 -5 -5
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Table 3.20 Selected parameter values by industry

Industry' Prim ary factor 
substitution 

elasticity 
(SIGM A 1 PRIM)

Labour 
substitution 

elasticity 
(SIGM A 1 LAB)

Land substitution 
elasticity 

(SIGM A ILND)

Output 
transfonnation 

elasticity 
(SIGM A 1 OUT)

101 M ilk 0.24 1 0.5 0

102Cattle 0.24 1 0.5 1

I03SheepW ool 0.24 1 0.5 0

104aPigs 0.24 1 0.5 0

104bPoultry 0.24 1 0.5 0

I04cHorses 0.24 1 0.5 0

I05Cereals 0.24 1 0.5 0

106FruitVeg 0.24 1 0.5 0

107aSugar 0.24 1 0.5 0

I07bPotatoes 0.24 1 0.5 0

lOSOtherCrop 0.24 1 0.5 0

109Forestr>' 0.2 1 1 0

IlOFishing 0.2 1 1 0

111 A nim Peed 1.12 1 0.5 0

112PcBeef 1.12 1 0.5 0

I13PcM utton 1.12 1 0.5 0

114PcPorkPou 1.12 1 0.5 0

llSM ilkProds 1.12 1 0.5 0

1160therFood 1.12 1 0.5 0

117BevTob 1.12 1 0.5 0

102 M ining 1.26 1 0.5 0

lOSTextiles 1.26 1 0.5 0

I06Clothing 1.26 1 0.5 0

lOTLeather 1.26 1 0.5 0

lOSWoodProd 1.26 1 0.5 0

I09Paper 1.26 1 0.5 0

11 OPrinted 1.26 1 0.5 0

111 Chemical 1.26 1 0.5 0

I12RubbPlast 1.26 1 0.5 0

IlSN onM etM in 1.26 1 0.5 0

I14BasM etal 1.26 1 0.5 0

I15FabM etal 1.26 1 0.5 0

I16M achEquip 1.26 1 0.5 0

117Com puters 1.26 1 0.5 0
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lISEIecM ach 1.26 1 0.5

119Com munApp 1.26 1 0.5

120M edlnstr 1.26 1 0.5

I21M otorVeh 1.26 1 0.5

I220thT ranE q 1.26 1 0.5

1230therM anu 0.2 1 0.5

I24Recycling 1.26 1 0.5

I25ElecGas 1.26 1 0.5

I26W ater 1.26 1 0.5

I27Constr 1.4 1 0.5

I28M otorServ 1.68 1 0.5

I29W holesale 1.68 1 0.5

OORetail 1.68 1 0.5

13 IHotelR est 1.26 1 0.5

I32LandTrans 1.26 1 0.5

I33W aterTran 1.26 1 0.5

134AirTrans 1.26 1 0.5

I35AuxTrans 1.26 1 0.5

136PostTelec 1.26 1 0.5

I37FinServ 1.26 1 0.5

nS Insurance 1.26 1 0.5

I39AuxFinan 1.26 1 0.5

I40BusServ 1.26 1 0.5

I41PublicAdm 1.26 1 0.5

I42Education 1.26 1 0.5

143 Health 1.26 1 0.5

144MemberOrg 1.26 1 0.5

I45Recre 1.26 1 0.5

I460thServ 1.26 1 0.5

I47PrivHhEm p 1.26 1 0.5

148XTerrServ 1.26 1 0.5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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CHAPTER 4: Simulation Results

4.1 Introduction
In July 2002 the EU Commissioner for Agriculture and Rural Development, Dr Fischler, 

proposed a further reform o f EU agricultural support mechanisms as part o f the Mid Term 

Review (MTR) o f the Agenda 2000 reform package agreed in 1999. These proposals were 

finalised in Luxembourg in June 2003, when the Council o f Agriculture Ministers o f the 

EU reached an agreement which passed into law in September o f the same year (CEU 

2003). Two key elements o f  the MTR are the decoupling o f  direct payments to farmers 

from any requirement to produce particular crops or livestock, and a further reform o f the 

dairy market regime using the MacSharry/Agenda 2000 formula o f reducing intervention 

price support while compensating farmers for the resulting income loss through income 

support payments. The decoupling proposal was a fundamental aspect o f the EU ’s 

negotiating position at the ongoing WTO Doha Round, as it falls into the Green Box as 

non-distortionary agricultural support.

The MTR made available options for full or partial decoupling to individual member 

states. In Ireland, the Department o f Food and Agriculture has implemented full 

decoupling. As o f  January 1, 2005, direct payments for Cattle, Sheep, and Arable Crops 

were decoupled from production. Farmers’ eligibility for payments depends on cross 

compliance measures in respect o f Statutory Management Requirements for animal health 

and welfare and food safety, and maintaining land in good agricultural and environmental 

condition. To qualify for the payment, land must be maintained in agricultural usage, or 

used for forestry.

This chapter presents results o f  an analysis o f the effects o f  the Mid Term Review on 

Ireland. Changes in output, prices, income, land use, and other economic variables are 

presented for the agricultural and food processing sectors, along with results for 

macroeconomic variables and greenhouse gas emissions. The analysis is performed using 

the IMAGE2 model and database as described in Chapters 2 and 3 respectively.
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The key aspects o f the MTR are simulated. These are;

• full decoupling o f support in the cattle, sheep, and cereals sectors,

• reduction in the intervention price for dairy products, and compensatory payment, 

and

• changes in export conditions faced by Ireland, due to the implementation o f the 

MTR in the rest o f the EU.

Results are also presented for the impact o f decoupling farm payments on agricultural 

greenhouse gas (GHG) emissions. In 2003 the agricultural sector was the source of 

approximately 29% o f GHG emissions in Ireland (CSO 2004d). Agricultural emissions of 

GHGs are high relative to those in other developed countries, due to the predominance of 

pastoral systems in agricultural production. Ruminant digestion, manure management, and 

fertiliser usage on grassland and crop land are the major sources o f emissions. As part of 

Ireland’s efforts to meet its commitment under the Kyoto Protocol, the National Climate 

Change Strategy (DELG 2000) has proposed a reduction target o f 10% for emissions from 

the agricultural sector. The analysis in this chapter can help to quantify the contribution 

which agricultural policy in the form o f the MTR can make to achieve this reduction target.

Under Agenda 2000, almost half o f the 2003 Irish agricultural net value added o f €1970 

million (CSO 2004g) consists o f direct payments coupled to production. Cattle producers 

account for two-thirds o f  direct payments, although Cattle comprise less than one-third of 

Agricultural output^^ (CSO 2004g). The main impact o f  decoupling is the redistribution of 

subsidies. With no change in aggregate agricultural resources (land and capital) or subsidy 

support, the simulation results show that decoupling produces a fall in total agricultural 

output, and significant changes in its composition, with a large shift away from cattle 

production. A reduction in agricultural greenhouse gas emissions occurs as a result o f  this.

Impact studies carried out for the Commission for the EU as a whole (CEC 2003a and 

2003b), as well as an impact study o f the decoupling proposal only for Irish agriculture 

using the FAPRI-Ireland model (Binfield et al 2003), also indicate that decoupling will 

result in a reduced level o f  agricultural production in aggregate, with particularly

excluding forage plants.

145



pronounced reductions in the production o f Cattle and Cereals. The EU study found 

negligible change in agricultural factor income in the EU as a whole. The FAPRl-Ireland 

study indicated a positive impact on factor income from farming in Ireland as a result of 

improvements in allocative efficiency as farmers no longer need to produce at a loss in 

order to be eligible for livestock premia or arable aid. Early estimates o f Irish agricultural 

activity in 2005 (CSO 2005d) support these projections. There was a clear reduction in 

agricultural output, o f  Cattle and Cereals in particular, and a small increase in factor 

income.

The remainder o f  this chapter is organized as follows. In Section 4.2, the simulation 

experiment is described, and the results are discussed in Section 4.3. Section 4.4 contains 

sensitivity analysis. In Section 4.5, results from this simulation are compared to results 

from other studies o f  the MTR and advance estimates o f  Irish agricultural activity in 2005.

4.2 Simulation
The three key aspects o f  the MTR modelled in this simulation are the decoupling of 

support, dairy market reform, and changes in export conditions faced by Ireland, due to the 

implementation o f the MTR in the rest o f the EU. In this section, the implementation of 

these shocks in the model is described. A stylised or “Back o f the Envelope” (BOTE) 

model is used to aid the description o f decoupling, which is the most complex o f the model 

shocks. The BOTE model captures the salient features o f  the decoupling scenario, without 

the complicated detail o f  the full model, and is useful for anticipating and understanding 

the results from the model. The full model results are presented in Section 4.3.

4.2.1 Direct Payments and Decoupling

Direct payments are those that are linked to production, and therefore distort farm 

enterprise decision making. In IM AGE2, decoupling is modelled by removing the direct 

payments, to simulate farm decision making in an undistorted market. Following Frandsen 

(2003) the decoupled payment is modelled as a subsidy to agricultural land, which may be 

used to produce any agricultural commodity, or forestry. The subsidy is paid at a flat rate,

The published increase is a 16.5% increase, but this takes into account an unusually large quantity o f  back 
payment o f  subsidies. D isregarding the back payment, the increase is 1.2%.
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to eliminate policy induced distortions in farm decision making. The rate at which the 

subsidy is paid is calculated such that the reallocation o f  the subsidy is budget neutral. The 

one exception to the flat rate decoupled payment is the fruit and vegetable industry, which 

is not eligible for the payment (CEU 2003^'’).

The decoupled payment is linked to land to reflect the condition o f  cross-compliance, that 

land must be maintained in good agricultural condition. The payment is not modelled as a 

subsidy to the other factors o f  production used in agriculture, because these factors are free 

to leave the sector.

4 . 2 . 1 . 1  Back of the Envelope Model

The equations o f  the BOTE model are shown in Table 4.1,  and the key to variable names is 

in Table 4.2. All equations are in percentage change form. The key simplifications in the 

BOTE model are that there is only one source o f  demand, one intermediate input, and two 

factors o f  production. The factors o f  production can be transformed to any use. There is 

no joint production in the BOTE model, so the terms “commodity” and “industry” are 

interchangeable.

Table 4.1 BOTE Model Equations

Com m odity D em and  x , =-£-,7 t ,, / = ! , . . . , «  Eq. 4.1

Return to Land P 2 = r ^ + d  £q 4  2

Dem and for fa c to r  inputs

Dem and fo r  intermediate  
input E q. 4 .4

Aggregate fa c to r  
endowments

n

E q. 4 .5
1= 1

Basic Price E q. 4 .6

Producer Price n , = p s ^ + t , ,  i = \ , . . . , n E q. 4 .7

Unsubsidised value added  }>i = (j>i (t t , + x  J + ( l  -  \p ^  + ^ 3 /  )> /  = 1, . . . , «  gq 4  3

Council Regulation (EC) N o 1782/2003, Title III, Chapter 4.
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Table 4.2 BOTE model variable names

Percentage change variables

X, output, commodity i (i = 1,... ,n)

m producer price, commodity i (i = 1,... ,n)

Pf producer price, input f  (f  = 1 [labour], 2 [land], 3 [intermediate inputs])

r2 return to land

d  power o f  decoupled payment

qf, quantity o f input f  used by industry i ( f  = 1,2,3; i = 1,... ,n)

qej economy-wide endowment o f factor f  ( f  = 1,2)

pSi basic price, commodity i (i = l,.. .,n )

t, power o f direct payment, commodity i (i = 1,... ,n)

yt value added at factor prices, industry i (i = 1 .  ,,n)

Parameters

Si elasticity o f demand, commodity i (i = l,...,n )

(7  CES substitution elasticity between primary factors

Shares

 ̂ PfQj-, share o f  factor f  in total use o f primary factors, industry i
= 2 ' ( f = l , 2 ; i = l , . . . , n )

g=l

PfQp  share o f input f in  total inputs, industry i ( f=  1,2,3; i = l,.. .,n )
= -  ^

T.i'A
g=i

share o f industry i in total use o f factor f  ( f=  1,2; i = l ,.. .,n )

HQf.
Y\ X  1 divided by unsubsidised profit margin, industry i (i = l ,.. .,n )

' f j
7=1

n,x,-p,Q,

There are 7n + 3 equations in the BOTE model, and 8n + 7 variables. Therefore n + 4 

variables must be set exogenously. The exogenous variables are the endowment o f land 

(qe2 ), the prices o f  labour and the intermediate input {pi and p^), the power o f decoupling 

{d), and the power o f the direct subsidy payment (/,).

Note that ti and d  are the percentage change in the power o f the subsidy on output and the 

power o f  the decoupled payment respectively. Using the output subsidy as an example, T,
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< 1 indicates a subsidy and r, > 1 indicates a tax, while T, = 1 implies that there is no 

subsidy or tax. In percentage change form, removal of the subsidy implies a shock value 

of;

Therefore // > 0 for commodities which initially received direct payments. From the 

IMAGE2 database, the values o f /, for Cattle, Sheep, and Cereals are 53, 45, and 73 

respectively.

On the other hand, the introduction o f the decoupled payment implies moving from an 

initial value of D = 1, to a value o f D < 1. The value of the shock is:

fi = 1 0 0 * ( 0 - l ) ,

where D is the power of the decoupled payment post-simulation. Therefore, d < Q. The 

assumption o f budget neutrality implies an exact relationship exists between d  and ti, 

which is captured in IMAGE2.^^ This is omitted from the BOTE model for simplicity.

The first insight gained from the BOTE model is that the price of land must fall as a result 

of decoupling. This leads to a fall in the basic price of all commodities which use land as 

an input. Given that pi = 0, and substituting in equations 4.1, 4.6, and 4.7, equation 4.3 for 

land simplifies to

Given that the quantity of land is fixed (qe2 = 0), substituting equation 4.9 into 4.5 finds the 

percentage change in the price of land.

(Ill = - / ^ 2 ^ Eq. 4.9

o = -EA,k(
Eq. 4.10

In the IM AGE2 sim ulation, -75.
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n Eq. 4.1 I

where u, =
Eq. 4.12

/ \

j = i  V /

As described above, > 0 for commodities which were initially receiving direct payments, 

and ?; = 0 for all other commodities, while w, > 0 for all commodities. Therefore, p 2 < 0, or 

the price o f  land falls as a result o f  decoupling.

The basic price o f  commodities is given by equation 4.6. This simplifies to

showing that the basic price o f all commodities falls for all commodities where land is 

used in production (i.e. aj, > 0).

The second insight is that the producer price o f a commodity will increase if  it initially 

received a higher than “average” subsidy. Using Equation 4.11 to substitute into the 

definition o f producer price in Equation 4.7,

;= i

commodities which received little or no direct payments, the producer price falls, while for 

highly subsidised commodities, the producer price will increase.

According to equation 4.1, output moves in the opposite direction to producer price. 

Therefore, output o f  highly subsidised commodities falls while output o f  other 

commodities increases.

The third insight gained from the BOTE model is that industry demand for factors of 

production depends on the relative sizes o f the elasticity o f demand and the CES primary

ps, =a,,p^ Eq. 4.13

= f ,  ■

n Eq. 4.14

n

Therefore, the producer price o f commodity i increases if  ̂ . For
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factor substitution elasticity. Rearranging Equation 4.3, demand for labour by industry i is 

given by

=CC2,P2i Eq. 4.15

where

Eq. 4.16

For industries which did not receive direct payments, labour use will increase if 

(7 < . For these industries, output increases to an extent determined by the demand

elasticity, having a positive effect on labour usage. However, labour becomes expensive 

relative to land, having a negative effect on labour usage. I f  the substitution elasticity 

between land and labour is low relative to the demand elasticity, labour use increases, but 

if  it is high, labour use falls.

For industries which did receive direct payments, output falls and labour becomes 

expensive relative to land. Both the output and substitution effect have a negative 

influence on labour use, so labour use falls.

Equation 4.9 describes demand for land by industry i. The first term on the RHS of 

Equation 4.9 is positive. For industries which received no direct payments, the second 

term is zero, so land use increases in these industries. For these industries, output 

increases, and there is substitution towards the cheaper input, land, so land use must 

increase. For industries initially in receipt o f direct payments (i.e. // > 0), land use may rise 

or fall. Land use must fall in at least one industry to enable land use to increase in other 

industries. In a situation where industry i is the only industry receiving direct payments, 

equation 4.9 can be rearranged to give:

Eq. 4.17

V  J = i

\ 5 \



where / ,  = « 2, + ■ -a.
Eq. 4.18

In this case, ^2/ is clearly negative, that is, land use falls in the industry which received 

direct payments.

The final insight gained from the BOTE model is that the value added at factor cost by an 

industry will change in the opposite direction to the producer price i f  the elasticity o f  

demand for its product is sufficiently high. Substituting equations 4.1 and 4.4 into 4.8, the 

follow ing expression for value added is found:

E q .4 .1 9

For agricultural industries, « 2 .  Because o f  the high export exposure o f  most

agricultural commodities, the elasticity o f  demand tends to be high. Therefore, value 

added falls in industries in which the producer price increases, that is, those that received 

direct payments. Value added in other industries increases. Aggregate agricultural value 

added may increase or decrease, depending on the average change in producer prices, 

which may be positive or negative, and the elasticity o f  demand for agricultural output as a 

whole. The elasticity depends not only on individual own price elasticities, but also on 

cross price elasticities between agricultural products.

4.2.2 Dairy market Reform

The dairy market is subject to a decrease in the intervention price, compensated by direct 

payments. The EU medium term forecasts are for the price o f  butter to fall by 11.2% by 

2006 and 23.4% by 2009, and the price o f  skimmed milk powder to fall by 0.7% by 2006  

and 4.8% by 2009 (CEC 2003b). Using weighting coefficients for Irish dairy produce 

(IDB 2006) and current intervention prices, the corresponding fall in the price o f  Irish milk
nf\products is 5.3% by 2006 and 12.9% by 2009. These changes are modelled as exogenous

A fixed quantity o f  liquid milk produces 1 tonne o f  butter and 2.05 tonnes o f  SMP. Current intervention 
prices are 328.2 euro/kg for butter and 205.52 euro/kg for SMP. Therefore, percentage change in dairy price 
(2006) = (328.2*-11.2%  + 205.52*2.05*-0.7% )/(328.2 + 205.52*2.05) = -5.3%. Percentage change in dairy 
price (2009) = (328.2*-23.4%  + 205.52*2.05*-4.8% )/(328.2 + 205.52*2.05) = -12.9%.
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shocks to export demand resulting in a fall o f 5.3% in the price for milk products in the 

short run, and 12.9% in the long run. From 2006 onwards, compensation will be paid at 

€3.65 per litre. This amount is simply modelled as a transfer from the EU budget^^ to farm 

households.

The dairy quota is modelled using Bach and Pearson’s (1996) method for representing a 

kinked supply curve.’* This method successfully captures the behaviour o f producers 

when the quota changes status from binding to non-binding. Currently, the dairy quota is 

binding in Ireland. Factors which make it less likely to be binding are a fall in the price of 

milk products, or an increase in the quota reference quantity. However, the quota is more 

likely to remain binding if  the on farm cost o f producing milk decreases. If  the quota 

changes status from binding to non-binding, an important param eter in quota modelling is 

the shadow price o f milk, which is based on estimates from INRA (2002). However, this 

is considered unlikely under the MTR.

4.2.3 Implementation of the MTR In the rest of the EU

IMAGE2 is a single country model. However, Ireland does not implement the MTR in 

isolation. Competing producers in the EU will face similar policy changes. Given that 

around three-quarters o f  Irish exports o f agri-food produce are destined for the EU, it 

would be inaccurate to assume that there is no change in export demand conditions.

The effect o f the implementation o f the MTR elsewhere in the EU is captured by 

exogenous changes to the prices received for Irish exports to the EU, based on the DG- 

Agri analysis o f the M TR (CEC 2003a and 2003b). The final DG-Agri analysis (CEC 

2003b) finds that the price o f B eef will increase by 7.1% following the MTR. The final 

analysis does not give results for Sheepmeat, but estimates in the earlier analysis (CEC 

2003a) show that the price will increase by between 8% and 12%. Taking a simple 

average, the price o f  Sheepmeat is assumed to increase by 10%. IMAGE2 distinguishes 

between primary agricultural production and the food processing sector. Hence the 

increases in the export prices for beef and sheep meat are calculated by weighting the

The Rest o f  the World account in IM AGE2.
The method w as originally designed to represent bilateral import quotas in the Global Trade A nalysis 

P'oject (G TA P), a world CGE m odel.
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contributions o f  live cattle and sheep to these commodities, for increases o f 3.5% in the 

price o f Beef’  ̂and 4.5% in the price o f Sheepmeat.^^

Given that 89% o f Irish imports o f B eef and Sheepmeat come from within the EU (CSO 

2005c), the average price o f  imports o f these commodities is also assumed to increase, by 

3.2% for Beef*' and 4.0% for Sheepmeat.

A similar shock was not applied to the price o f exports o f Cereals to the EU. This is for 

two reasons. Firstly, export demand is not as important to Cereals as it is to B eef and 

Sheepmeat. Secondly, the DG-Agri studies do not predict large changes in prices for the 

main Irish Cereal crops, Barley and Wheat.

4.2.4 Closure
The simulation is run in both short run and long run environments. Many features o f the 

two closures are the same. For both closures, the total capital stock and total land are 

fixed. Total labour supply is fixed but employment may vary in accordance with the 

unemployment specification in the model. A component o f  the labour supply in 

agriculture is considered immobile, that is, unable to be employed outside the sector. In 

the long run closure, there is full mobility o f all land and capital, while in the short run, 

capital is fixed in sectors, and there is sluggish transformation o f land between uses.

On the expenditure side, both macro closures are the same. Consumption is determined 

according to household disposable income, investment according to the economy-wide rate 

o f return, government expenditure and accumulation o f inventories are fixed, and the 

balance o f  trade is endogenous. The numeraire is the nominal exchange rate.

Prices for Beef, Sheepmeat and Milk exported to non-EU destinations are assumed to be 

exogenous, and the export subsidy adjusts endogenously for these trade flows. The shocks 

to EU prices for B eef and Sheepmeat, and export prices to all destinations for M ilk are

Beef; Inputs o f  domestic live cattle comprise 49.8% o f inputs to the beef processing industry. Increase in 
export price o f  b eef = 49.8% * 7.1% = 3.54%.

Sheep; Inputs o f  live sheep comprise 45.4% o f  inputs to the sheep meat processing industry. Increase in 
export price o f  sheep meat = 45.4% * 10% = 4.54%.

89% * 3.54% = 3.15%.
The sectors are three groups o f  industries: agriculture, manufacturing and services.
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described in the preceding sections. Note that the short and long run shocks for Beef and 

Sheepmeat prices are the same, but the shocks to the Milk price are smaller in the short 

run.

Output o f  sugar is fixed, due to the sugar quota. This is not explicitly modelled as is the 

dairy quota. Excess profits in the sugar industry are returned at a flat rate to all factors o f 

production used in the sugar industry.

The results are produced using the Euler method with 16 steps.

4.3 Main Results
In this section, economy-wide macro results are presented first, followed by an overall 

discussion o f  economic activity and greenhouse gas emissions in the agricultural sector, 

and then results for each activity. The results should be interpreted as percentage change 

deviations from what otherwise would have happened (i.e. the continuation o f Agenda 

2000). For example, a decrease o f 12% in the volume o f  output o f Sheepmeat means that 

Sheepmeat output will be 12% lower than it would have been, had Agenda 2000 remained 

in force.

Unless otherwise stated, results reported in this section refer to the short run closure. Full 

tables o f  short and long run results can be found in Section 4.7.

4.3.1 Economy-Wide Results

Economy-wide effects o f reform in the agricultural sector are minimal. The primary 

agricultural sector contributes only 2.7% to Irish GDP (CSO 2004f), and there is no change 

in the factors o f production available to the economy, although the level o f employment 

can vary. Hence the change in real GDP is negligible. Several aspects o f the MTR exert a 

positive influence on GDP. The increase in EU prices for B eef and Sheepmeat has a 

positive effect on Ireland’s terms o f trade. The compensation package in the dairy reform 

exceeds the loss in value added in the short run, so there is a further gain from the 

substitution o f  market price support (which is partly funded by Irish consumers) by the 

decoupled compensation payment (which is fully funded by the EU taxpayer). Decoupling 

also has a positive impact by improving allocative efficiency within the agricultural sector.
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However, decoupling also decreases the return to labour in the agricultural sector, which 

discourages labour supply. The losses are mainly in the agricultural sector, translating to a 

small reduction in the national workforce o f 0.05%. This exerts a negative influence on 

GDP. The net effect in the short run is an increase in real GDP o f 0.030%.

From the expenditure side, real consumption and investment decrease by 0.33% and 0.41% 

respectively. Therefore the balance o f trade moves towards surplus, with an increase o f 

0.24% in exports and a decrease o f 0.12% in imports.

The story is similar in the long run, with a slightly larger increase in GDP o f 0.032%. 

Again, real consumption and investment fall, by 0.70% and 0.16% respectively, and the 

balance o f trade moves towards surplus. The greater impact on GDP occurs because o f  the 

greater mobility o f land and capital in the long run.

4.3.2 Overview of Agricultural Sector

4 .3 .2.1 Agriculture in aggregate

In aggregate, there is no change in the level o f subsidy support, and in the short run, time is 

assumed insufficient to allow changes in the availability o f agricultural resources (land and 

capital). However, by decoupling subsidies, basic prices for agricultural produce are 

brought into line with producer prices,*^ diverting the mobile factor, labour, away from 

agriculture and into other uses. In the short run, aggregate agricultural output falls by 

5.6%, with a fall in labour input o f 11.8%. Decoupling is the main determinant o f these 

results, accounting for a fall in agricultural output o f  6.1%, which is slightly offset by a 

small increase in output as a result o f the improved terms o f trade for agricultural products.

In the long run, with capital no longer fixed in the agricultural sector, agricultural output 

falls by 9.5%. Capital used in agriculture falls by 9.4%, and labour falls by 12.9%>.

Figure 4.1 illustrates the economy-wide production possibilities frontier (PPF), with 

Agriculture and Food on the horizontal axis and Other, comprising non-food

Recall that the basic price reflects costs, while the producer price provides the basis for consumer prices.

156



manufacturing and services, on the vertical axis. The diagram is not drawn to scale, as 

agriculture com prises a very small part o f  total production in reality.

Figure 4.1 Production Possibilities Frontier

Other

under
production 
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overproduction 
in agri-food

Agriculture 
and Food

The slope o f  the PPF, or the marginal rate o f  transformation (M R T), is given  by the

K'lC
marginal cost ratio, or M R T  =  agî   ̂ w h ile  the slope o f  the indifference curves U] and

^ ^ O T H E R

U 2, or the marginal rate o f  substitution (M R S), is g iven  by the price ratio, or

p
M RS =  —dGEI— In an undistorted com petitive econom y, marginal cost pricing requires

^O TH ER

that M RT =  M R S, resulting in a Pareto optim al position  such as B in Figure 4 .1 . H owever, 

in the presence o f  agricultural subsidies, M C a g r i f o o d  >  P a g r i f o o d , and there is 

overproduction o f  agri-food com m odities, such as at A  in Figure 4.1 .

D ecoupling, or the rem oval o f  direct paym ents to agriculture is equivalent to a m ove from  

A  towards B  in Figure 4 .1 . The sim ulation o f  the short run finds that the fall in agri-food  

production due to decoupling is 2.5% , w h ile  production o f  manufacturing and service
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commodities increases by 0.25%. The marginal rate o f  transformation, given in the model 

by the ratio o f  basic prices, falls by 3.25%, while the marginal rate o f  substitution, which 

can be approximated by the ratio o f the producer prices, increased by 0.4%. As a small 

open economy, the producer price ratio changes relatively little in response to domestic 

changes.

4 .3 .2.2 The Composition of Agricultural Output

Almost half o f  the 2003 agricultural operating surplus o f €2174 million consists o f  direct 

payments coupled to production, leading to distortions in farm output decisions. Figure 4.2 

shows the composition o f agricultural output at basic prices, defined as the producer or 

farm-gate price plus direct subsidy payments. Figure 4.2 illustrates the uneven distribution 

o f direct payments, showing that the majority o f direct payments are given to Cattle 

production. The Suckler Cow, Special Beef, and New Slaughter premia comprise around 

two-thirds o f  direct payments, although Cattle output, at producer prices, comprises less 

than one-third o f Agricultural output. Cereals receive the highest rate o f subsidy, with the 

direct payment adding an extra 78% to the value o f output. Sheep production is also 

heavily subsidised, while other agricultural enterprises receive no direct support under 

Agenda 2000.

Figure 4.2 Composition of Agricultural Output at Producers’ Prices
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Changes in output are dominated by the decoupling shock, with relatively small effects as 

a result o f the dairy and trade shocks. As illustrated in the BOTE model, output o f 

products which initially received direct payments reduces as a result o f decoupling. The
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effect on output can be seen in Figure 4.3, where the output o f cattle falls by 15.4%, sheep 

by 15.5%, and cereals by 41.8%). There is an increase in the output o f  all other agricultural 

commodities, with the exception o f calves. According to the BOTE model, output of 

commodities which did not receive direct payments should increase. However, the only 

users o f calves are cattle producers, which drive the decrease in demand for calves.

Figure 4.3 Change in volume of output
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Resources released from the previously subsidised activities underpin the expansion of 

output o f Other Livestock and Fruit and Vegetables, Other Crops and Forestry. A similar 

effect would be seen in M ilk production, except that the quota system remains in place.

According to the Fan Decomposition (Horridge et al 2003), change in demand for a 

commodity may be divided into three effects: change in the local market for the 

commodity, change in import penetration, and change in demand for exports. Because 

most agricultural produce is consumed by the local food processing sectors, it is more 

informative to look at these effects on the demand for processed food. Figure 4.4 shows 

the Fan decomposition for Beef, Sheepmeat, and Pork and Poultry. It is clear that the 

change in demand for exports is the largest component o f the change in total output o f 

these commodities.

See Appendix 4.1 for derivation o f Fan decomposition.

159



Figure 4.4 Change in Output of Processed Food (%): Fan decomposition
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A pproxim ately h a lf  o f  Irish Beef, Sheepm eat, and Pork and Poultry is exported. W hile the 

sign o f  the changes in output is credible, the large m agnitude o f  the changes occurs as a 

result o f  the high elasticity o f  export dem and, w hich takes the value -20 in this sim ulation. 

Therefore in term s o f  the BO TE m odel, the overall dem and elasticity Sj is approxim ately 

equal to 10. The BO TE m odel suggests that this is the m ain determ inant o f  the m agnitude 

o f  the change in the com position o f  output, providing a line o f  investigation in the 

sensitivity analysis reported in Section 4.4.

Dom estic consum ption o f  Irish products is less sensitive to price. The local m arket effect 

show s a m ore subdued reaction to the M TR, w ith a small shift away from  B eef and 

Sheepm eat in favour o f  consum ption o f  Pork and Poultry.

4 .3 .2.3 Agricultural Prices

C hanges in price are influenced by several factors. Recalling equation 4.13 o f  the BOTE 

m odel, the basic price o f  all agricultural com m odities is expected to fall, follow ing the fall 

in the price o f  land, or

pS, = CC2,P2 ,

w here p2 is negative as shown in equation 4.11.
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Offsetting the effect of decoupling, the increase in European prices for Beef and 

Sheepmeat has a positive effect on the basic prices o f Cattle and Sheep. As illustrated in 

Figure 4.5, this effect is extremely small in comparison to the negative effect of 

decoupling.

Figure 4.5 Percentage change in agricultural basic prices
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The removal of output subsidies brings the basic price and the farm-gate price together. 

For Cattle, Sheep, and Cereals, where the producer price was lower than the basic price 

under Agenda 2000, the producer price increases as a result o f decoupling. For the other 

commodities, the change in the producer price is equal to the change in the basic price. 

Again recalling the BOTE model,

7T. =  p S ,  + t,  ,

where > 0 for Cattle, Sheep and Cereals. For these commodities, the producer prices 

increase by 19.7%, 16.9%, and 30.8% respectively. The main determinant o f the 

magnitude of these changes is the size of the initial subsidy. Using Cereals as an example.
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85assuming the initial producer price is €1, the basic price is €1.78. That is, the Arable Aid 

Scheme adds 78% to the value o f Cereals to the fanner. Upon removal o f this subsidy, the 

producer and basic prices are equalised. The simulation finds that the new price, both 

producer and basic, is approximately €1.31. This is calculated as either an increase of 

30.8% from the producer price o f  €1, or as a decrease o f 24.8% from the basic price of
o z

€1.78. The post-simulation price will be closer to the producer price (thus further from 

the basic price), the higher is the demand elasticity, ceteris paribis.

The size o f  the demand elasticity is influenced by Ireland’s degree o f integration with 

European and world markets. For agricultural commodities, domestic demand tends to be 

inelastic, particularly for commodities which are not heavily imported. On the other hand, 

export demand is elastic. Therefore the demand for a commodity is more elastic, the 

greater is its level o f trade exposure.

The other important determinant o f the effects on price and output is the supply elasticity. 

The less elastic is supply, ceteris paribis, the greater will be the fall in basic price. For a 

commodity such as Cereals, which received subsidies initially, the corollary o f  this is a 

smaller increase in the producer price. The supply elasticity is influenced by the 

substitutability o f factors o f production, in particular the ability to substitute the fixed 

factor. This is important in agriculture because the aggregate area o f land is fixed. Recall 

from the BOTE model that the changes in commodity prices are underpinned by the 

change in the price o f land, given by

P i  = ( \  ’

a

\  J J

Eq. 4 .2 0

Equation 4.20 shows that the change in the price o f  land will tend to be large if  demand 

elasticities are high and the CES substitution elasticity is low. However, the 

overwhelmingly important determinant o f  the land price is the change in the subsidy rates.

This is plausible i f  a physical “unit” o f  Cereal is set to the amount o f  Cereal worth €I in the initial solution. 
The result is not exact due to linearisation error.

1 6 2



As a simplification o f  the IMAGE2 specification, the BOTE model does not allow for 

limited transformation o f agricultural land between uses, which adds a further complication 

to the determination o f  commodity prices. This tends to dampen price responses.

In the short run, the cost o f land falls by 49.4%, while in the long run, the fall is 56.7%. 

Despite the constraint o f sluggish mobility o f land in the short run which exerts additional 

downward pressure on land costs, the long run fall is greater because capital is able to 

leave the agricultural sector, reducing the marginal productivity o f  land.

Despite the changes to the dairy policy, the fall in the basic price o f Milk occurs as a result 

o f  the reduction in input prices. Because the quota remains binding, the reduction in the 

intervention price is reflected in the value o f quota rent, and not in the basic price o f milk.

4.3 .2 4 Value Added

Given that most factors o f  production used in agriculture are owned by farm households. 

Gross Value Added at factor cost (GVAF) is used as a proxy for farm income. GVAF in 

the land use sectors increases by 0.29% in the long run. To gain some insight into this 

result, it can be approximately broken down into the sum o f the primary factor price index 

and the use o f primary factors, i.e.

wOprim Ja n d u se  = pOprim landuse + x lprim  landuse. Eq. 4.21

In the long run, the primary factor price index for land use sectors increases by 7.9%, while 

the use o f primary factors varies proportionately with output in the land use sectors, falling 

by 7.9%, for approximately no change in value added at factor cost o f 3.5%. Table 4.4 

shows the decomposition o f value added at factor cost into price and output effects, and by 

the components o f the MTR.

Agriculture and Forestry
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Table 4.3 Decomposition of the long run change in Gross Value Added at Factor Cost in 

Land Use Sectors (% Change)

Cause Primary factor 
price index

(a)

Output
(b)

(c) =
(a) + (b)

Value Added 
at Factor Cost 

(d)
Dairy Market Reform -2.66 0.04 -2.62 -2.55

Decoupling 9.14 -8.64 0.50 0.84

Trade 1.38 0.66 2.03 2.00

Total 7.85 -7.94 -0.09 0.29

Note that Column (d) gives the actual simulation results, while column (c) gives an 

approximation based on Equation 4.21. There are two sources o f inaccuracy in this 

approximation. Firstly, it ignores the possibility of substitution within the primary factor 

nest. Returns to factors are actually higher than predicted by this equation because factors 

are able to move to the industries where they receive the highest returns. This is the main 

cause of inaccuracy, which is a particular problem in evaluating the result for decoupling, 

where there is a relatively high degree of factor reallocation. For decoupling, the 

simplified equation predicts an increase of 0.5%, compared to the model result o f 0.8%. 

Secondly, while the assumption that aggregate usage of primary factors varies with output 

is true in IMAGE2, this disregards income support paid to dairy farmers, and quota rent, 

both of which vary according to other factors.

The results in Table 4.3 show that decoupling is the major determinant of both the price 

index and the change in output, although the combined effect of these changes on GVAF is 

negligible. As discussed earlier, decoupling provides the major impetus for the reduction 

in agricultural output. This has a negative impact on gross value added. However, by 

reducing output, the resources remaining in agricultural production command a higher 

return. In the simulation results, where the decoupled payment is modelled as a subsidy to 

land, the return to land increases by an average of 78.6%, while the average return to 

labour employed in the land use sectors falls by 25.7% in the long run, and the return to 

capital does not change.

Note that under decoupling, the level o f subsidy support remains constant, so it has no 

direct effect on value added. This is simply illustrated in the supply and demand diagram 

in Figure 4.6. Assuming no intermediate inputs, unsubsidised value added is given by the
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shaded areas under the demand curve. W hether value added is greater or less following the 

simulation is not clear, and depends on the elasticity o f demand.

Figure 4.6 Supply and Demand for Agricultural produce

Po = initial basic price 
Pp = initial producer price 
P* = post simulation basic 

and producer price

Qo = initial output 
Q* = post simulation 

output

P

' = initial value
added
= post simulation 

value added

Reform in the dairy market has a negative effect on GVAF in the long run. This is because 

the fall in the intervention price is not fully offset by the compensatory payment. As such, 

dairy reform contributes to a decrease o f  2.7% in the primary factor price index. However, 

the dairy industry is still profitable and the quota remains binding. The negative effect of 

dairy reform is counteracted by the increase in GVAF which occurs as a result o f  improved 

agricultural export prices. Thus the change in long-run agricultural GVAF may be 

negligible, but it is the combination o f many positive and negative effects.

In the short run, there is a clear increase in GVAF in the agricultural sector. While the 

effects o f decoupling and trade are similar to the long run effects. Table 4.4 shows that 

dairy market reform has a positive effect on GVAF in the short run, contrary to its effect in 

the long run. This is because in the short run, the fall in the intervention price is much less, 

although the compensatory payment is exactly the same. In the short run, the 

compensatory payment outweighs the negative effect o f the fall in the intervention price, 

for a clear increase in the profitability o f dairy farming.
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Table 4.4 Decomposition of the short run change in Gross Value Added at Factor Cost 

in Land Use Sectors (% Change)

Cause Primary factor 
price index 

(a)

Output
(b)

(c) = 
(a) + (b)

Value Added 
at Factor Cost

(d)
Dairy Market Reform 2.34 0.01 2.35 2.30

Decoupling 4.10 -5.11 -1.00 -1.00

Trade 1.79 0.38 2.17 2.18

Total 8.24 -4.72 3.52 3.48

The positive impact of trade effects in both the long and short run is not surprising. 

However, the exact magnitude o f this result depends on the exogenous shocks imposed to 

export prices, which were based on the DG-Agri simulation results, unlike the decoupling 

and dairy market reform scenarios which were based on actual policy announcements.

The short run increase in value added in the land use sectors of 3.5% occurs despite a 

reduction in output of 4.7%. However, the increase is due to the compensatory payment to 

dairy farmers and the assumed improvement in trade conditions, and not to decoupling. 

The effect of decoupling on aggregate agricultural incomes is almost negligible, with fewer 

resources remaining in agricultural production, but commanding a higher return.

4 .3 .2.5 Employment

As described in Chapters 2 and 3, employment in agriculture is modelled as a combination 

o f two types of workers: immobile workers, who are employable in the agriculture sector 

only, and mobile workers who are also employable outside the agriculture sector. While 

labour supply is assumed to be fixed, voluntary unemployment is built into the model, with 

aggregate employment falling in response to lower wages. A fall in aggregate employment 

may occur as a result o f the same number of workers choosing to work fewer hours, or as a 

result of a reduced labour force, or a combination thereof. The model results do not 

distinguish between these cases.

The reduction in employment in agriculture of 11.8% in the short run and 12.9% in the 

long run is a combination of three factors: a reduction in employment of immobile 

workers, a reduction in aggregate employment of mobile workers, and increased non-
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88agricultural employment o f  mobile workers. Figure 4.7 shows that the majority of the 

change in employment is attributable to the movement o f  mobile agricultural labour into 

employment outside the agriculture sector. Note that unemployment o f mobile agricultural 

workers has a negligible effect, indicating that workers can remain employed if they are 

willing and able to enter other sectors.

Figure 4.7 Decomposition of the reduction in employment in agriculture, short and long 

run

Short Run Lona Run

□  Movement of mobile  
workers

B Unemployment, mobile  
workers

□  Unemployment, immobile  
workers

Two important factors in determining these results are the unemployment elasticity, and 

the CES substitution elasticity between labour occupations. Given that labour is the only 

factor o f production which is not fixed in agriculture, agricultural employment is a major 

determinant o f  the change in aggregate agricultural output. From the decomposition 

analysis, movement o f mobile workers is the more important factor, which implies that the 

substitution elasticity is a particularly important parameter. The sensitivity o f the 

simulation results to these parameters is examined in Section 4.4.

4 .3 .2 .6  Greenhouse Gas Emissions

Total greenhouse gas emissions from land use activities will be reduced by 11.9% in the 

short run and 14.9% in the long run as a result o f the reforms in the agricultural sector. 

The most important contribution to the reduction in emissions is the change in the

** For the derivation o f  the labour decomposition, see Appendix 4.2.
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composition o f agricultural output away from Cattle. As shown in Figure 4.8 there is very 

little difference in emissions from other agricultural sectors.

The increase in forestry contributes to the decrease in emissions, via sequestration o f 

Carbon Dioxide. However, this makes only a small contribution to the total fall in 

greenhouse gas emissions from the land use sector.

Decoupling is the major force behind the reduction in greenhouse gas emissions. 

Decoupling alone causes emissions to fall by 13.1% in the short run and 16.5% in the long 

run. This is offset by the change in export conditions, which stimulates a small increase in 

emissions. Reform in the dairy market has a negligible effect because the quota ensures 

there is no change in output.

Figure 4.8 Change in Agricultural Greenhouse Gas Emissions
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The reduction in agricultural emissions o f greenhouse gases contributes to a short run 

decrease o f  3.7%, and long run decrease o f 4.5%, in national emissions. The MTR has a 

negligible effect on emissions from sources other than agriculture.
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The National Climate Change Strategy (DELG 2000) sets a reduction target o f 10% for 

Agricultural Greenhouse Gas emissions, as part o f Ireland’s commitment to limit the 

increase in emissions to no more than 13% o f 1990 levels, under the Kyoto Protocol. This 

target may be achieved under the MTR, simply through the reduction in livestock numbers. 

M easures set out in the NCCS to reduce emissions, such as improved manure management, 

fertiliser usage, and changes to feed, could secure reductions o f more than the targeted 

10%. Thus it could be possible to relieve pressure on other sectors o f the economy, given 

that emissions in 2002 were 29% higher than 1990 levels (CSO 2004d).

4.3.3 Dairy Farming and IVIilk P rocessing

In aggregate, the change in milk production is constrained by the quota, which remains 

binding despite the cut in the intervention price. There is a very small increase in raw milk 

output for farm and household use, but no change in the output o f processed milk. Results 

for price changes are more interesting. Results for the short run are shown in Table 4.5.

Table 4.5 Decomposition of short run price changes for Raw and Processed Milk

Dairy Decoupling Trade Total

Basic Price, Processed Milk -4.61 -0.05 0.00 -4.66

Basic Price, Unprocessed Milk 0.03 -17.46 1.26 -16.18

Purchaser Price, Unprocessed Milk used 
by Milk Processing Industry

-9.37 0.14 -0.01 -9.25

Quota Rent -41.81 60.86 -4.40 14.66

Primary factor price index, Production o f 
Unprocessed Milk

7.05 17.58 0.58 25.21

The 5.9%) cut in the intervention price is reflected in the reduction o f 4.6%o in the basic 

price o f processed milk. Decoupling and trade have negligible effect on this price. 

Unprocessed milk comprises approximately 48%> o f the input cost o f processed milk, but 

the milk processing industry accounts for 83%) o f all demand for unprocessed milk. 

Therefore, the price cut for processed milk is almost entirely passed on to unprocessed 

milk, which falls in price by 9.4% as a result o f  the dairy reform, contributing to an overall 

price reduction o f  9.3%.
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Despite the large fall in the price o f unprocessed milk, the quota remains binding. Quota 

rent, or supernormal profits which occur as a result o f the quota policy, are estimated to be 

worth approximately 20% of the value o f  unprocessed milk output (INRA 2002). 

Therefore, the 9% reduction in price, with negligible change in the cost o f production due 

to dairy reform, simply eliminates 41.8% (approximately 45% = 9% o f 20%) o f the value 

o f  quota rent. Because supemormal profits remain, the quota remains binding and milk 

output does not fall.

Decoupling exerts significant downward pressure on the price o f agricultural factors of 

production, leading to a decrease o f 17.5% in the basic price o f  unprocessed milk. 

However, milk output cannot expand, therefore the decreased costs are reflected in 

increased quota rent. The price o f unprocessed milk used by the milk processing industry 

does not change, while quota rent increases by 60.9%.

The primary factor price index reflects returns to capital, labour, and land, as well as 

supernormal profits from quota rent and the compensatory dairy payment o f €185m. The 

payment more than compensates for the fall in quota rent induced by the reduction in the 

intervention price, increasing returns to primary factors by 7.1%. Dairy incomes are 

further improved by decoupling, which increases returns by 17.6%. The total change, 

including a small effect from trade, is an increase o f 25.2%.

Overall, the basic price o f unprocessed milk falls by 16.2%, reflecting the reduced pressure 

on agricultural resources from the formerly subsidised cattle producers. The purchaser 

price o f  unprocessed milk used by the milk processing industry falls by 9.3%, mainly as a 

result o f  the reduced intervention price. The difference between the fall in the basic price 

and the fall in the purchaser price is reflected in increased quota rent o f  14.7%. The drop 

in the intervention price is generously compensated, and decoupling increases dairy profits 

further, for a total improvement in profits o f  25.2%.

The analysis for the long run changes in the price o f raw and processed milk is similar, 

with results shown in Table 4.6. However, in the long run, the cut in the intervention price 

much greater, at 12.9%. This translates to a fall o f 23.0% in the price o f unprocessed milk. 

Because quota rent is assumed to be worth approximately 20% o f the value o f output o f 

milk, this actually leads to the complete elimination o f quota rent. If  the dairy reform were
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the only aspect o f  the MTR, the quota would cease to be binding. However, the 

decoupling and trade effects are positive, and similar to the short run effects. Hence, the 

quota remains binding, and the primary factor price index increases by 7.3%.

Table 4.6 Decomposition of long run price changes for Raw and Processed Milk

Dairy Decoupling Trade Total
Basic Price, Processed Milk -11.35 -0 .11 0.01 -11.45

Basic Price, Unprocessed Milk -0.06 -16.96 1.11 -15.91

Purchaser Price, Unprocessed Milk used 
by Milk Processing Industry

-22.96 0.11 -0.01 -22.86

Quota Rent -101.98 59.01 -3.86 -46.83

Primary factor price index. Production o f 
Unprocessed Milk

-8.19 14.86 0.62 7.29

Although output o f raw milk changes very little, the composition o f value added in milk 

production does change, as illustrated in Figure 4.9. In the short run, milk production 

becomes more extensive in land use. The degree o f  extensification increases further in the 

long run. In the short run, there is a small decrease in the use o f  labour and capital in milk 

production. In the long run, the decrease in the use o f  capital is much more pronounced, 

because there has been sufficient time for the capital stock to adjust.

Figure 4.9 Composition of Value Added in Milk production, Short and Long run
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4.3.4 Cattle Farming and Beef Processing

The major determinant o f change in the Cattle and B eef industries is decoupling, with the 

increase in EU prices for B eef playing only a minor role, and reform o f the dairy market 

playing no role at all. Figure 4.10 shows that decoupling alone accounts for a fall o f 17.1% 

in the output o f cattle, which is slightly offset by the positive trade effect, for a net fall of 

15.4%. The main source o f  the contraction in output is the fall in demand from the local 

market. In the case o f  cattle, the local market consists mostly o f local beef processors, 

which are largely export oriented.

The fall in exports which occurs as a result o f decoupling is the main component o f change 

in the output o f  processed beef, which falls by 14.5%. The stimulus provided by the 

improved export price for beef provides for a 1.9% increase in beef output, which slightly 

dampens the fall o f  16.4% which occurs as a result o f  decoupling alone.

Replacement by imports is the least important component o f change as a result of 

decoupling. Although the price o f imports from the EU is assumed to increase, there is a 

greater increase in the price o f  domestic produce. Relatively cheaper imports account for a 

fall in Cattle output o f only 0.4% out o f the total fall o f 15.4%. A degree o f preference for 

domestic produce is assumed to exist, which is reflected in the Armington structure o f the 

model. Because the import share o f beef is so low in Ireland, even a large increase in the 

imports o f  beef only has a small effect on total domestic output.

Figure 4.10 Decomposition of Cattle and Beef output, by Fan and Source of change
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The supply o f  Calves from the Dairy industry remains almost unchanged, given that the 

Milk quota remains binding. Hence the price o f  Calves is depressed and fewer Calves are 

produced by the Cattle sector.

The change in the composition o f  value added in the cattle sector is illustrated in Figure 

4.11. Because alternative uses for land are limited, especially when compared with 

alternative uses for labour and capital, the fall in land use is disproportionately small, 

representing an increase in extensification in land. Land use is reduced by 5.7% in the 

short run, although output contracts by 15.4%. Thus the ratio o f  land to output increases 

by approximately 9.7%. In the long run, as more capital moves away from the cattle 

sector, land use falls further. The fall in labour input is commensurate with the fall in 

output, in both the long and short run.

Figure 4.11 Composition of Value Added in Cattle production, Short and Long run
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4.3.5 Sheep Farming and Sheepmeat Processing

The situation for Sheep farming is very similar to the situation for B eef farming, with the 

positive effect on output o f increased EU prices outweighed by the negative effect o f the 

removal o f direct payments. Under Agenda 2000, Sheep production received less support 

than Cattle production, which suggests that Sheep production could expand using resources 

released from Cattle production. However, Cattle production has the additional small 

stimulus o f an almost fixed supply o f calves provided by the Dairy industry. The net result 

is a similar reduction in Sheep production o f 15.5%.
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Figure 4.12 illustrates the decomposition o f sheep and sheepmeat output into the Fan 

components and the source o f change. The decomposition o f  the change in Sheep output is 

similar to the decomposition for Cattle, with a slightly greater emphasis on the fall in 

exports. This is because exports o f  live animals comprise a greater proportion o f  sheep 

output than cattle, which tend to be processed domestically before export.

Sheep producers also lose out to increased import penetration, which is responsible for a 

1.1% reduction in output. However, the main component o f change is the local market 

effect, which is dominated by the reduction in output o f the Sheepmeat processing 

industry.

For Sheepmeat, the total effect is a reduction in output o f 12.0%. This is the net effect o f 

an expansion o f 5.5% from increased EU prices, offset by a decrease o f 17.4% due to 

decoupling. The output expansion due to the trade effect is due mostly to increased 

exports, with a small contribution from the replacement o f imports.

Figure 4.12 Decomposition of Sheep and Sheepmeat output, by Fan and Source of change
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Although output o f sheep falls by 15.4% in the short run, land use in this period falls by 

only 4.8%. Like cattle production, this indicates extensification in land use in sheep 

production, with the land to output ratio increasing by 10.6%. This is because o f the lack 

o f  alternative uses for land, particularly some poor quality land which is used in sheep 

farming. In the long run, there is a greater fall in land use, as the price has time to fully
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adjust, and also because there is a greater capital outflow from the sector. Land released 

from the sheep sector is mainly used in forestry.

Figure 4.13 Composition of Value Added in Sheep production, Short and Long run
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4.3.6 Other Livestock and Pork and Poultry Processing

Other livestock consists o f Pigs, Poultry and Horses, farming activities which did not 

receive direct payments under Agenda 2000. These are activities which are expected to 

expand under the MTR, using resources released from previously subsidised activities such 

as cattle and sheep farming. Pigs and Poultry do not use a significant amount o f land, so 

the reduction in price and expansion in production are limited to the gains made from 

capital and labour released from other agricultural sectors. The primary factor price index 

falls by 27.5% for these producers. For horses, which can also use land released from 

other sectors, the primary factor price index falls by 31.2%. The fall in the cost o f primary 

factors drives a producer price reduction o f 11.0% for pigs and poultry, and 14.5% for 

horses.

Figure 4.14 shows that the expansion o f 14.0%> in output o f  pigs and poultry is driven by 

decoupling, offset slightly by a small decrease as a result o f  improved EU prices for Beef 

and Sheepmeat. The majority o f  the increase in pig and poultry output is either exported 

directly, or sold to local pork and poultry processors and then exported. The capacity for 

expansion in the local market is much lower, because o f  the comparatively low elasticity o f 

demand.
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Because the analysis has not taken into account the Nitrate Directive, which comes into 

effect in 2006, these expansions in output may be unrealistically high. The Directive 

imposes limits on the quantity o f pig and poultry manure which rnay be spread on land, 

and on the types o f  land which may receive the manure. This effectively imposes a ceiling 

on the number o f  animals, and on the output o f pigs and poultry.

The expansion in Horse output is even more marked than the expansion in pigs and 

poultry, because horses take advantage o f not only labour and capital released from the 

subsidised agricultural sectors, but also land. Again, the trade effect is slightly negative 

because it favours cattle and sheep.

Figure 4.14 Decomposition of Pigs and Poultry, Processed Pigs and Poultry, and Horse 

output, by Fan and Source of change
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In the short run, the expansions in pig and poultry output are achieved by fairly balanced 

increases in labour and capital use. In the long run, given time for total capital use in the 

agriculture sector to change, the expansion in output is achieved with greater emphasis on 

labour use. This is because labour, with its component o f immobile agricultural workers, 

is the less mobile factor in the long run.

The expansion in horse output is similar, with the short run expansion fairly balanced 

between capital, labour and land. In the long run, the increase in labour is similar to the
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increase in output, but the increase in land use is significantly greater, and there is almost 

no increase in capital use.

Figure 4.15 Composition of Value Added in Pigs and Poultry and Horse production, Short 

and Long run
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4.3.7 Cereals
There is a large fall in the production o f  Cereals for two main reasons. Firstly, Cereals 

were the most heavily subsidised product under Agenda 2000, with approximately 44% of 

the basic price o f cereals provided by the Arable Aid subsidy payment. Secondly, imports 

o f  Cereals are significant, providing approximately 24% o f Cereals supply. This is the 

main determinant o f the elasticity o f demand. Domestic producers o f Beverages and 

Tobacco and Animal Feed, the main users o f  Cereals, have only a weak preference for 

domestically produced cereals, so demand for Cereals is elastic.

Because the production o f Cereals is no longer subsidised, the producer price is 30.8% 

higher. This induces substitution towards imported cereals and a fall in exports. Import 

substitution is the larger component in the fall in demand, because imports o f cereals are 

much more significant.

The main users o f domestically produced cereals are the Beverages and Tobacco industry, 

the Other Food industry, and the Animal Feed industry, which together account for 75% of 

the demand for cereals. Exports account for only 3% o f demand. Figure 4.16 shows that 

there is very little change in the output o f  Beverages and Tobacco or Animal Feed, yet 

Cereals output decreases by 41.6%. This is because o f a large degree o f substitution
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towards imported cereals, and also because the value o f Beverages and Tobacco output is 

more than ten times that o f Cereals, so in percentage change terms a significant change to 

Cereals output is only a small change to Beverage and Tobacco output.

Figure 4.16 Decomposition of Cereals, Beverages and Tobacco, and Animal Feed output, by 

Fan and Source of change
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The change in the composition o f primary factor usage in Cereals is typical o f the changes 

in agricultural production, with a move towards extensification in land use. Figure 4.17 

shows that this is more pronounced in the short run, when the land to output ratio increases 

by 10.6%, compared to the long run when it increases by only 4.7% over the initial 

situation.

Figure 4.17 Composition of Value Added in Cereal production. Short and Long run
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4.3.8 Other Crops
Other crops separately identified in IMAGE2 are Fruits and Vegetables, Sugar, Potatoes, 

and Other crops (such as nursery stock). With the removal o f the Arable Aid subsidy, land 

no longer used in Cereal production is used to produce these crops. The reduced costs o f 

primary factors lead to a decrease in total costs to producers o f between 16% and 20%. 

Despite being excluded from decoupled payments, Fruit and Vegetable producers also 

enjoy this reduction in costs, because o f  the capital intensive nature o f production, and 

relatively small emphasis on land use.

Sugar is produced under a quota, which remains binding. Therefore, there is negligible 

change in the output or price o f  sugar, with the reduction in costs not passed on to 

consumers.

Figure 4.18 shows the Fan decomposition for Fruits and Vegetables, Potatoes, and Other 

Crops. The changes are due almost entirely to decoupling. Domestic output o f Fruits and 

Vegetables, including mushrooms and other glasshouse crops, expands by 15.5%. The 

main component o f this increase is import replacement. The initial share o f imports in 

total sales was approximately 60%. As a result o f the MTR, imports o f Fruits and 

Vegetables fall by 5.6% and are replaced by domestic production. There is also an 

increase in exports, although this comprises a much smaller component o f the expansion in 

output because exports are not a significant element o f sales.

Potatoes and Other Crops are not export oriented, so the expansion in output is limited 

mostly to local market growth, augmented by some import replacement. The growth in 

Potato and Other Crop output is 13.2% and 14.8% respectively.
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Figure 4.18 Fan Decomposition for Fruits and Vegetables, Potatoes, and Other Crops
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The change in the com position o f  Value A dded in the crop sectors is show n in Figure 4.19. 

Fruits and V egetables are the only agricultural com m odity for w hich there is a decrease in 

land use but an increase in output. That is. Fruit and V egetable production becom es more 

intensive in land use. This is because it does not qualify for the decoupled paym ent. This 

result is not im portant, as Fruit and V egetable producers are relatively insignificant users 

o f  land.

Sugar output does not change, because o f  the quota. H ow ever, sugar producers substitute 

tow ards the relatively cheap prim ary factor, land, w ith som e change in the use o f  labour 

and capital.

Figure 4.19 Composition of Value Added in production of other crops, Short run
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4.3.9 Forestry
The cessation o f the Arable Aid Scheme releases some cropland back to pasture. Along 

with the removal o f subsidies in the grazing sectors, on-farm forestry becomes a viable 

alternative for grass land. The total area under forestry increases by 5.3%, or 

approximately 37,000 hectares. Total output o f Forestry expands by 5.4% in the short run, 

increasing to 10.1% in the long run. The price o f Forestry output falls by 4.1% in the short 

run.

Approximately 70% o f Forestry output is used by the Wood Products industry, and most of 

the remainder is exported. The Wood Products industry is exposed to trade, with almost 

40% o f its produce exported. The remaining 60% is used in the domestic Construction and 

Manufacturing industries, where it comprises approximately half o f  the input o f Wood 

Products, the other half being imported.

The Fan decomposition in Figure 4.20 illustrates that the expansion in Forestry is mostly 

due to the local market effect. This can be attributed to growth in the Wood Products 

industry. The lower price o f Forestry translates to a 1.9% reduction in the price o f Wood 

Products, where exports and import replacement make almost equal contributions to the 

4.2% increase in output.

Figure 4.20 Fan Decomposition for Forestry and Wood Products
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4.4 Sensitivity analysis
The sensitivity analysis is guided by the results and discussion in this chapter. Four lines 

o f  investigation are identified: the impact o f demand elasticity on output and value added, 

the impact o f the demand and CES primary factor substitution elasticities on the price of 

land, the impact o f the unemployment elasticity on employment and output, and the impact 

o f  the labour substitution elasticity on employment and output.

4.4.1 Demand elasticity

The analysis o f demand elasticity was conducted by varying the export demand elasticities 

for Beef, Sheepmeat, and Pork and Poultry. These elasticities were chosen for two 

reasons. Firstly, exports comprise the major source o f demand for these products. 

Secondly, the values for export elasticities are more open to debate than those for domestic 

demand.

Table 4.7 contains some key results from the M TR simulation. The “High” value for 

export elasticities is -20, which is the value used in the main results section. The 

“M edium” value is -5, and the “Low” value is -1. Note that the low value merely implies 

unitary elasticity, not inelastic export demand which would be unrealistically low.

Table 4.7 Selected short run results reported by export demand elasticity

Elasticity of export demand

High Medium Low

Real GDP 0.030 0.025 0.016

Agricultural output -5.62 -5.35 -4.61

Agricultural employment -11.80 -10.85 -8.88

Agriculture producer price index -2.65 -1.66 0.75

Agriculture basic price index -17.81 -17.08 -15.22

Value added from Agriculture 3.48 4.67 7.68

Cattle output -15.44 -13.45 -9.57

Pig output 14.02 10.65 5.90

Agricultural greenhouse gas emissions -11.90 -10.67 -8.29

Results for GDP, aggregate agricultural output, and agricultural employment appear to be
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insensitive to changes in demand elasticity. This is a reflection o f the closure assumption 

that land and capital are fixed in agriculture. The main determinant o f aggregate 

agricultural output is the tendency for labour to move away from the sector, which is not 

significantly influenced by the elasticity o f demand.

Under the lower demand elasticity, price movements tend to be less extreme, with the 

agricultural basic price index falling by 15.2% in the low elasticity case compared with 

17.8% in the high elasticity simulation. However given the scope o f variation in the 

elasticity parameter, the variation in this result is quite low.

The producer price is the only result for which the change in elasticity alters the direction 

o f  change. For this result, it is useful to examine contributions o f the individual shocks, 

shown in Table 4.8.

Table 4.8 Decomposition of agriculture producer price index

Elasticity o f demand

High Medium Low

Decoupling -1.95 -0.75 2.23

Dairy -2.40 -2.40 -2.39

Trade 1.71 1.49 0.91

Total -2.65 -1.66 0.75

As a result o f decoupling, the producer price increases if the elasticity o f demand is 

sufficiently low. This is a compositional effect. The producer price index is the average 

increase in producer prices, weighted by output. Recall from Equation 4.14 that the 

producer price increases for subsidised commodities, and decreases for other commodities. 

This sensitivity analysis is biased towards varying the elasticity o f demand for subsidised 

commodities. For subsidised commodities, the increase in producer price will be higher, 

the lower is the demand elasticity, because the contraction in output will be lower. Under a 

low demand elasticity, the increase in prices o f  subsidised commodities dominates over the 

decrease in prices o f  non-subsidised commodities in the calculation o f the producer price 

index. Under a high elasticity, the index is dominated by the reduction in prices o f non

subsidised commodities.
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Varying the elasticity o f  demand has the opposite effect on the results o f the change in 

trade conditions. Recall that the implementation o f  the MTR in the rest o f the EU is 

modelled as an exogenous upwards shift in the demand curve for exports. This is 

illustrated in Figure 4.21. From an initial position at A, the demand curve shifts upwards 

(the original demand curves have been omitted to avoid cluttering the diagram). Under the 

relatively high export demand elasticity, demand curve Di, the increase in demand is large, 

enabling a large increase in price. Conversely, under the lowest export demand elasticity, 

represented by demand curve D3, the increase in demand is small, so the increase in price 

is also small.

Figure 4.21 The effect of the increase in export price, under high, medium and low export 

demand elasticity

shock

Q

The elasticity has no effect on the results o f  dairy market reform. In aggregate, the 

decoupling effect dominates the trade effect, and the change in producer price tends 

towards greater increase under lower demand elasticity.

Agricultural value added is sensitive to the choice o f demand elasticity, with the result 

from the low elasticity simulation approximately double that from the high elasticity 

simulation. Table 4.9 presents a decomposition o f the causes o f the change in value added, 

according to the approximation given in Equation 4.21.
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Table 4.9 Decomposition of value added

Component 
of shock

Elasticity of 
export 

demand

Primary 
Factor 

Price Index 
(a)

Output (b) (a) + (b) Value
Added

Decoupling high 4.10 -5.11 -1.00 -1.00

medium 5.21 -4.83 0.38 0.47

low 8.13 -4.09 4.03 4.21

Dairy high 2.34 0.01 2.35 2.30

medium 2.34 0.01 2.35 2.30

low 2.34 0.01 2.35 2.31

Trade high 1.79 0.38 2.17 2.18

medium 1.57 0.33 1.89 1.90

low 0.97 0.20 1.17 1.17

Total high 8.24 -4.72 3.52 3.48
medium 9.11 -4.49 4.62 4.67

low 11.43 -3.88 7.55 7.68

As a result of decoupling, value added is higher, the lower is the demand elasticity. Recall 

equation 4.19 of the BOTE model, which demonstrates that a lower demand elasticity 

leads to an increase in value added. In the case of decoupling, the result using the low 

demand elasticity is an increase o f 4.2% in value added, compared to the reduction of 1.0% 

obtained using the high elasticity.

Varying the demand elasticity has the opposite effect on the results from the trade shock. 

The less elastic demand conditions restrict the increase in output which occurs following 

the exogenous shift in the export demand curve, as illustrated in Figure 4.21 above.

With the dairy quota in place, the demand elasticity has very little bearing on the effect of 

the change in dairy policy. The net effect of the three shocks is dominated by decoupling, 

providing a greater increase in value added under less elastic demand.

Output of Pigs and Cattle are included in the analysis as an indicator of the change in the 

composition of agricultural output. In the high elasticity simulation. Cattle output falls by 

approximately 2.7 times the average fall in agricultural output. In the low elasticity
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simulation, it falls by only 2.1 times the average fall, implying a less pronounced change in 

the composition o f  output. The increase in Pig output is larger in the high elasticity 

simulation. Therefore, while the elasticity o f demand has a limited impact on the change 

in aggregate agricultural output, it does influence the composition, with the higher 

elasticity stimulating more pronounced increases and decreases in the output o f individual 

commodities.

The reduction in the emissions o f  greenhouse gases is less pronounced under low elasticity 

conditions. This occurs because o f the lower reduction in aggregate agricultural output, 

and in particular the lower reduction in cattle output.

This analysis demonstrates that results for agricultural aggregates such as output and 

employment are not sensitive to the choice o f  demand elasticity, but results for price and 

value added are affected. Compositional effects may be quite different, especially as a 

result o f different demand elasticities for different commodities. The export elasticity o f -1 

used in the low elasticity simulation may be considered unrealistic, which suggests that an 

increase in agricultural value added o f 7.7% is overly optimistic.

4.4.2 Substitution Elasticities

4 .4 .2.1 The CES Structure

Three important elasticities in determining the response to the Mid Term Review are the 

CES substitution elasticities for primary factors and for labour, and the Unemployment 

elasticity. Each o f these parameters has a role in determining resource movements, which 

influence aggregate agricultural output.

Recall the short and long run closures used for the simulations. In the short run, 

agricultural capital usage is fixed, while in the long run, national capital usage is fixed. 

Because agriculture is such a small sector, accounting for only 1.7% o f capital usage 

nationally, effectively this means that in the long run agricultural capital use is flexible.

Labour is divided into mobile and immobile components. In both the short and long run 

closures, only mobile labour is able to leave the agriculture sector. Mobile labour accounts 

for approximately one-third o f labour used in the sector. Therefore, in the short run, labour
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is the relatively mobile factor, when compared to land and capital. However, in the long 

run, capital is the relatively mobile factor.

The value o f the primary factor substitution elasticity is important in determining how 

readily agricultural producers can substitute against labour in the short run, and against 

capital in the long run. This in turn determines how much agricultural output falls, and the 

change in agricultural prices in order to clear the market. The lower is the value, the less 

change in expected in agricultural output and prices. This assertion is tested in Section 

4A.2.2.

The Labour substitution elasticity determines the level o f  substitutability between the types 

o f  labour defined in the model. Recall that there are three types o f labour: Immobile 

Agricultural Labour, M obile Agricultural Labour, and Other Labour. The Labour 

substitution elasticity is important in determining labour response in two ways. Firstly, 

within the agricultural sector, the degree o f substitution between Mobile and Immobile 

labour affects how much mobile labour is able to leave the sector. Secondly, outside the 

agricultural sector, substitutability between Mobile and Other labour affects how much 

labour is attracted away from the agricultural sector. The higher is the Labour substitution 

elasticity, the higher will be the change in labour use in the agricultural sector, and 

following from this, the higher will be the changes in agricultural output and prices. This 

assertion is tested in Section 4.4.2.3.

The Unemployment elasticity affects the degree to which labour is withdrawn from the 

market following a fall in the real wage rate. This is particularly important in determining 

the response from Immobile Agricultural Labour. The higher is the Unemployment 

elasticity, the more o f this type o f labour will exit the agricultural sector. Because it is not 

used outside agriculture, withdrawal is the only source o f change for this type o f labour. 

The higher is the Unemployment elasticity, the more labour will be withdrawn, and the 

greater will be the change in agricultural output and prices. This assertion is tested in 

Section 4.4.2.4.

A final note on sensitivity analysis on substitution elasticities concerns the composition o f 

agricultural value added. Normally, data are considered to be relatively reliable because 

they have been observed, whereas parameters such as elasticity values are subject to
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estimation. Therefore, sensitivity analysis concentrates on adjusting the parameters and 

analysing differences in the simulation results. In the case o f agricultural value added, 

while total value added is a published statistic (CSO 2004g), the nature o f family farm 

income is that the components attributable to land, labour and capital must be estimated 

(see Chapter 3 for details). Effective substitution elasticities depend on both the estimated 

elasticity parameter and the share o f  value added. Recall Equation 4.3 o f the BOTE model. 

In general, ignoring the output effect the own price elasticity o f demand for fac to r/is :

Equation 4.22 shows that the own price elasticity depends on the estimation o f both the 

parameter cr, and , the share o f  fa c to r /in  value added.

Value added shares are not explicitly altered in the sensitivity analysis. However, the 

range for cr is deliberately quite wide, in order to act as a proxy for error in the estimation 

o f  value added as well as the estimation o f the parameter.

4 .4 .2 .2  Primary factor substitution elasticity

The value o f the CES substitution elasticity for primary factors is equal to 0.24 for all 

activities in the agricultural sector. This is the value used in the most recent GTAP 

database (Dimaranan and McDougall 2005). In this sensitivity analysis, results are 

compared for agricultural CES substitution elasticities o f 0, 0.12, and 0.48. The elasticity 

o f 0 is chosen to represent Leontief technology in the primary factor nest. With this 

elasticity, changes in agricultural output are limited to compositional effects. The 

elasticities 0.12 and 0.48 are chosen because they represent respectively half and double 

the base elasticity.

Recall Equation 4.15 from the BOTE model. A more detailed exposition reveals the 

elasticity o f  demand for the mobile factor, with respect to the change in the subsidy rate. 

Instead o f  labour and land (as in the original BOTE model), le t/ =  1 represent the mobile 

factor, and /  = 2 represent the fixed factor. In the short run, represents immobile

188



labour, capital, and land, and is approximately equal to 0.84. In the long run, 

represents immobile labour and land, and is approximately equal to 0.49.

Expand Equation 4.15 and substitute in 4.11, to find

" " Eq. 4.23

j = \  j = \

For a one percent change in the power o f the subsidy on industry i, holding all other 

subsidies constant, the elasticity o f demand for the mobile factor is

-  £, (l -  «T2, w, ) .  Eq- 4-24

Note that (l -  ) < 1 • Therefore both terms on the RHS o f Equation 4.24 are negative,

so use o f the mobile factor falls in industries where the subsidy is removed. The larger is 

the value o f , the greater will be the fall in labour usage. In agriculture, it is important

to note that both the parameter a  and the share are estimated. Although a'j, is not

varied in the sensitivity analysis, the variation in cr can be thought o f as a proxy for the 

elasticity o f demand for the mobile factor.

Selected results for the short run simulation run using varied elasticity values for 

agriculture are given in Table 4.10. As expected, employment in agriculture falls by more 

when the substitution elasticity is high, ranging from a fall o f  9.1% when the elasticity is 0, 

to 12.8% when the elasticity is 0.48. Agricultural output does not quite follow suit, with a 

fall o f only 5.35% when the elasticity is 0.12, compared with 5.39% when the elasticity is 

0. With the fixed technology implied by the zero substitution elasticity, the price o f the 

fixed factors in agriculture falls sharply relative to the price o f  labour. Therefore, the value 

share o f labour in the primary factor nest is greatest in the simulation with the lowest 

elasticity. The ratio o f  the percentage change in agricultural output to the percentage 

change in agricultural employment is highest for the low elasticity simulation, and 

decreases as the elasticity increases, consistent with the hypothesis that the share o f labour 

is highest in the low elasticity simulation.
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Table 4.10 Sensitivity analysis on primary factor substitution elasticity, selected short- 

run results

Primary factor substitution elasticity 0 0.12 0.24 0.48

Employment in Agriculture -9.13 -10.80 -11.80 -12.81

Agricultural Output -5.39 -5.35 -5.62 -5.94

o f  which Dairy Reform Effect 0.00 0.01 0.01 0.01

Decoupling Effect -5.84 -5.80 -6.09 -6.41

Trade Effect 0.45 0.44 0.45 0.47

Agricultural Producer Price Index -2.58 -2.77 -2.65 -2.50

o f  which Dairy Reform Effect -2.38 -2.40 -2.40 -2.41

Decoupling Effect -1.92 -2.09 -1.95 -1.79

Trade Effect 1.73 1.72 1.71 1.70

Index o f Return to Primary Factors in Land Use Sector 7.11 7.80 8.24 8.68

Gross Value Added at Factor Cost in Land Use Sector 3.40 3.41 3.48 3.54

The relationship between agricultural output and its producer price index is as expected for 

all values o f the CES elasticity except ct = 0. That is, a larger fall in output requires a 

smaller fall in the producer price in order to clear the market. This is illustrated in Figure 

4.22 on page 194. The observation for a  = 0 does not quite fall on the demand curve 

traced out by the other observations. This implies that there is a slightly different demand 

curve for agricultural products in aggregate when a  = 0. This is a compositional effect, 

where the fixed technology has stimulated more pronounced changes in the composition of 

agricultural output. Because the agricultural commodities all face different demand 

elasticities, the compositional effect has changed the weighting in the calculation of the 

aggregate demand elasticity for agricultural products.

The change in price is influenced negatively by the dairy reform, and positively by the 

trade shocks, but the source of the most sensitivity to the CES elasticity is the decoupling 

effect.

The sensitivity o f the primary factor price index and agricultural value added to the value 

of the CES elasticity is low. Value added increases slightly as producers have more 

flexibility in the value added nest.
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Selected long run results for the sensitivity analysis are shown in Table 4.11. In the long 

run, both labour and capital use fall further when the CES elasticity is higher. Output and 

the producer price index follow suit. Again, the increase in value added is greater when 

the substitution elasticity is higher, due to greater flexibility in the value added nest. When 

the substitution elasticity is 0.12 or lower, GVAF decreases. As discussed in Section 

4.3.2.4, the various aspects of the MTR exert negative and positive effects on GVAF, and 

the net result could be negative or positive.

Table 4.11 Sensitivity analysis on primary factor substitution elasticity, selected long-run 

results

Primary factor substitution elasticity 0 0.12 0.24 0.48

Employment in Agriculture -10.57 -12.19 -12.87 -13.04

Use of Capital in Land Use Sector -2.98 -6.62 -9.54 -14.08

Agricultural Output -7.53 -8.62 -9.50 -10.63

Agricultural Producer Price Index -4.41 -3.75 -3.17 -2.39

Index of Return to Primary Factors in Land Use Sector 3.96 6.38 7.85 9.64

Gross Value Added at Factor Cost in Land Use Sector -0.95 -0.13 0.29 0.75

In summary, altering the value o f the CES elasticity does not have a significant effect on 

results. With the elasticity at double the value used in the main simulation, the short run 

change in agricultural output is a fall of 5.9%, compared with the base value of 5.6%. The 

long run change differs by slightly more, at 10.6%> compared with the base value of 9.5%.

4 .4 .2 .3  Labour substitution elasticity

The value used in the main simulations for the labour substitution elasticity is 1. The 

sensitivity analysis has been run using values of 0.5 and 2. Selected results are reported in 

Table 4.12.

Using the higher substitution elasticity, mobile agricultural labour is able to leave the 

sector more easily. That is, the difference in price between mobile agricultural labour and 

non-agricultural labour does not need to be as great to induce producers to switch towards 

mobile agricultural labour. Therefore, in the higher elasticity simulation, there is a greater 

fall in labour use in the agricultural sector, and a smaller fall in the wage of the mobile
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agricultural workers. This also reduces wage pressure on immobile agricultural labour, 

and the fall in the wage for these workers is significantly less under the high elasticity.

The change in agricultural output reflects the shedding of labour from the sector. With the 

elasticity doubled compared to the main simulation, output falls by 6.9% compared with 

5.6% in the main simulation, and with the elasticity halved, output falls by only 4.4%. The 

largest fall in output, which occurs in the high elasticity case, is associated with a decrease 

in the agricultural producer price index o f 1.7%. The smaller falls in output are associated 

with larger decreases in the producer price index, where the greatest fall in price is 

associated with the smallest fall in output.

The choice of labour substitution elasticity makes very little difference to aggregate value 

added in agriculture. However, profitability is greater in the high elasticity simulation, 

where the same increase in value added is achieved with a larger fall in output.

Table 4.12 Sensitivity analysis on Labour substitution elasticity, selected short run results

Labour substitution elasticity 0.5 1 2

Employment in Agriculture -9.50 -11.80 -14.18

Agricultural Output -4.42 -5.62 -6.92

Agricultural Producer Price Index -3.46 -2.65 -1.74

Return to Primary Factors in Land Use industries 6.79 8.24 9.86

Gross Value Added at Factor Cost in Land Use industries 3.13 3.48 3.86

Real Wage: immobile agricultural labour -38.49 -31.50 -23.44

Real Wage: mobile agricultural labour -12.18 -9.15 -6.34

GDP 0.01 0.03 0.05

As departures from the parameters used in the main simulation, results appear to be more 

sensitive to the labour substitution elasticity than the primary factor substitution elasticity.

4.4.2A Unemployment elasticity

The value for the unemployment elasticity used in the main simulation is 1. The sensitivity 

analysis was run using values of 0.5 and 2. Selected results are reported in Table 4.13.
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As expected, with the higher elasticity, there is a larger fall in employment in agriculture, 

which translates to a larger fall in agricultural output. The higher elasticity induces a 

greater fall in the supply of immobile agricultural labour. Again, value added is not 

sensitive to the value chosen for the unemployment elasticity.

The fall in returns to immobile labour is lower, for the higher elasticity. This is because 

the labour supply is lower, leaving a slightly higher wage for those who are still employed. 

The value for the unemployment elasticity makes very little difference to the wage for 

mobile agricultural labour, which is affected more by the labour substitution elasticity.

Table 4.13 Sensitivity analysis on Unemployment elasticity, selected short run results

Unemployment elasticity 0.5 1 2

Employment in Agriculture -11.31 -11.80 -12.76

Agricultural Output -5.36 -5.62 -6.14

Agricultural Producer Price Index -2.82 -2.65 -2.31

Return to Primary Factors in Land Use industries 7.94 8.24 8.83

Aggregate Value Added at Factor Cost in Land Use industries 3.41 3.48 3.60

Real Wage: immobile agricultural labour -38.57 -36.91 -33.39

Real Wage: mobile agricultural labour -11.20 -10.76 -9.92

Labour supply: immobile agricultural labour -1.07 -2.19 -4.38

GDP 0.04 0.03 0.01

An interesting result is the change in GDP. Although a very small change, the higher 

unemployment elasticity induces a fall in the labour supply, which has a negative effect on 

GDP. Therefore, the lowest result for GDP, an increase of 0.01%, occurs with the highest 

value for the unemployment elasticity. The converse is true of the labour substitution 

elasticity. The high labour substitution elasticity, while inducing a greater fall in 

agricultural output, actually finds a small increase in GDP. This is because the labourers 

who leave agriculture engage in productive activity elsewhere.

The results for output and prices in all of the substitution elasticity analyses can be 

combined to trace out the post-simulation demand curve for agricultural output. Because 

the substitution elasticities affect supply response, each combination of price and output is 

a point on the post-simulation demand curve, which is not greatly affected by the
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substitution elasticities. Figure 4.22 traces out several points on the post-simulation 

demand curve. Note that the initial (pre-simulation) supply and demand curves pass 

through the point (0,0). As discussed in the results section, the shift in the demand curve is 

mainly due to reduced demand for exports. The several points shown on the post

simulation demand curve are associated with the various shifts in the supply curve.

Figure 4.22 also shows the relative sensitivity o f the results to the variation in the three 

substitution elasticities. The solid diamond in the middle is the “control” result, for the 

elasticities used in the main simulation. The cluster o f clear diamonds around it represents 

the changes in the primary factor substitution elasticy. Changes in this elasticity have very 

little effect on the results. The clear squares represent the changes in the unemployment 

elasticity, which have a greater effect than the changes in the primary factor substitution 

elasticity. The greatest changes are those where the labour substitution elasticity is 

changed, represented by the clear triangles.

Figure 4.22 Post-simulation demand curve for agricultural output: Percentage change in 

quantity and producer price using various substitution elasticities
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4.5 Comparison with Other Studies
Numerous studies o f the MTR and other agricuUural reforms in the EU have been carried 

out. The European Commission Directorate-General for Agriculture commissioned a 

number o f impact analyses into the MTR proposals (CEC 2003a and 2003b) before 

finalising the agreement in Luxembourg in June 2003. In Ireland, the FAPRI-Ireland 

partnership conducted a detailed analysis o f  the impact on EU and Irish agriculture, 

commissioned by the Irish minister for agriculture (Binfield et al 2003). In addition, many 

other economic modellers have analysed the reforms, using the multi-region worldwide 

CGE model GTAP (Global Trade Analysis Project), single country CGE models, and 

single country and EU Partial Equilibrium models.

In this section, the results and methodology reported in this chapter are discussed in 

comparison to a selection o f  other studies. The results are also compared to advance 

estimates o f 2005 agricultural activity recently published by the CSO (2005d).

4.5.1 The Official Results

4 .5 .1 .1  European Commission Directorate-General for Agriculture

In February 2003, the Directorate-General for Agriculture (DG-Agri) released impact 

analyses o f the MTR proposals, comprising both in-house analysis and studies conducted 

by several research institutes and universities (CEC 2003a). An updated summary o f the 

in-house analysis was published in March 2003 (CEC 2003b).

The main results for the EU as a whole are similar to the results found for Ireland in the 

IMAGE2 simulations. Selected results are shown in Table 4.14. The DG-Agri report a 

substantial fall in aggregate agricultural output, and little change in factor income. There is 

some compositional change against B eef and Cereals, particularly in the long run, 

however, the DG-Agri results are much more subdued than the IMAGE2 results. 

However, the DG-Agri are reporting for the EU as a whole. Ireland is atypical in that the 

contribution o f  agricultural subsidies to value added in agriculture is much greater than 

average. Therefore, the impact o f the M TR on Ireland is expected to be more pronounced 

than the impact on the EU as a whole. The small increase in factor income for Ireland may
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be explained by the increase in subsidies received from the EU in the form of the dairy 

payment.

Table 4.14 Comparison of EU DG^Agri results and IMAGE2 results (percentage change)

EU DG-Agri 
(EU15), 2006

IMAGE2 (SR, 
Ireland only)

EU DG-Agri 
(EU15), 2009

IMAGE2 (LR, 
Ireland only)

Volume of
agricultural
output

n.a. -5.62 -8.2 -9.50

Milk 0.4 0.76 2 0.55

Cattle 0.1 -15.44 -2.7 -18.60

Sheep n.a. -15.45 n.a. -15.93

Pig Meat -0.2 14.87 0.7 6.56

Poultry -0.2 14.02 0.9 5.13

Cereals -3.1 -41.76 -2.5 -52.77

land use in 
cereals

decrease -31.20 decrease -48.07

Producer Price n.a. -2.65 n.a. -3.17

Milk -8.3 -8.85 -19.5 -20.07

Cattle -0.1 19.68 7.1 23.34

Sheep n.a. 16.91 n.a. 17.29

Pig Meat 0.7 -6.39 2.7 -3.29

Poultry -0.5 -11.01 0.7 -2.18

Agricultural 
labour input

n.a. -11.80 -2.8 -12.87

Factor income n.a. 3.48 -0.1 0.29

Both sets of results find a small decrease in agricultural land use. In IMAGE2, this is 

assumed to enter forestry production. The DG-Agri also assumes that land may enter the 

production of energy crops. This possibility was not considered in the IMAGE2 

simulations, and could be a future addition to the model.

4 .5. 1.2 FAPRI-Ireland Partnership

Selected results from the FAPRI-Ireland model are compared to IMAGE2 results in Table 

4.15 (page 198). The FAPRI-Ireland model finds that the MTR leads to only small 

reductions in the value of agricultural output, and a large long run increase in gross value
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added at factor cost (Binfield et al 2003). Underlying this projection appears to be the 

assumption that labour and capital usage in the sector do not change as a result o f  the 

r e f o r m . I n  contrast, the fall in the value o f output found in IMAGE2 is driven by a fall of 

11.8% in labour input in the short run, and falls o f  12.8% in labour input and 9.5% in 

capital input in the long run.

The compositional effects o f  decoupling found by FAPRI-Ireland differ from those found 

by IMAGE2. In particular, the output o f  Cereals is projected to decrease very little, and 

the change in price is negligible. This is in contrast to the IMAGE2 results, where output 

falls by 41.8% and the price increase is 30.8%. Given that direct payments added 78% to 

the producer price o f cereals, it is surprising that such a small effect could follow their 

removal.

As a partial equilibrium model, the FAPRI results may show much smaller effects from the 

MTR than those found by the IMAGE2 model because such a large policy shock is outside 

the historical or estimation experience o f the model. A reason for the relatively small price 

changes found by FAPRI could be because o f  the assumption o f homogeneity between 

domestic and imported products. This assumption implies no product differentiation, or 

preference for domestic products.

Moss et al (2002) study the impact o f  decoupling on Northern Ireland using the FAPRl-NI 

model. They find that in 2010, there are 10.8% fewer cows and 11.8% fewer breeding 

ewes in Northern Ireland than there would have been in the absence o f the MTR. The 

prices o f steer and sheep are higher by 15% and 23% respectively. These results are 

similar to both the IMAGE2 and FAPRI-Ireland results for the Republic. Moss et al also 

find an increase o f 6.5% in the operating surplus (equivalent to IMAGE2 GVA at factor 

cost less compensation o f  employees and depreciation). This result is considerably higher 

than the IMAGE2 result but broadly in line with the FAPRI-Ireland result for the Republic 

(9.7% in 2010).

This is not explicitly stated as an assumption, but it appears to be the case because the simulation results 
show no change in depreciation or the compensation o f  em ployees as a result o f  the MTR.
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Table 4.15 Comparison of FAPRI-Ireland results and IMAGE2 results (percentage 

change)

FAPRI-
Ireland
(2006)

IMAGE2
(Short

Run)

FAPRI-
Ireland

(2012)

IMAGE2
(Long
Run)

Value of agricultural output -2.7 -8.27"" -1.3 -12.67

Gross value added, factor cost 3.2 3.48 8.0 0.29

Agricultural labour input 0.0 -11.80 0.0 -12.87

Agricultural capital input 0.0 0.00 0.0 -9.54

Volume o f agricultural output tua. -5.62 n.a. -9.50
Milk 0.2 0.76 0.0 0.55

Beef -0.9 -15.44 -6.5 -18.60

Pig meat 0.0 14.02 0.4 5.13

Broiler meat 1.3 0.0
14.02 5.13

Other poultry meat 0.0 0.0

Sheep meat -3.0 -15.45 -4.9 -15.93

Wheat 0.0 -3.9

Barley 0.0 -41.76^' -3.1 -52.77

Maize 0.0 0.0

Producer price n.a. -2.65 n.a. -3.17
Milk -2.1 -16.18 -4.3 -15.91

Cattle reference -0.8 19.68 9.7 23.34

Sheep meat 9.1 16.91 13.1 17.29

Pig meat 0.9 -11.01 0.6 -2.18

Chicken 0.4 -11.01 0.4 -2.18

Wheat feed 0.1 0.1

Barley feed 0.2 0.83^^ 0.2 1.12

Barley malt 0.2 0.2

percentage change in producer price + percentage change in quantity 
Output o f  Cereals 
Price o f A nim al Feed
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4.5.2 Results from GTAP

Results in this section are taken from three studies which use the GTAP model, by 

Frandsen et al (2003), Conforti et al (2003), and Lips (2004). The Frandsen and Conforti 

studies both give results for all individual member states of the EU, while Lips 

concentrates on The Netherlands and treats the rest of the EU as one region. Results for 

Ireland from the Frandsen and Conforti analyses are shown in Table 4.16, along with 

results from the IMAGE2 simulation, a -  a

Table 4.16 Results for Ireland: IMAGE2, Conforti, and Frandsen (percentage change)

IMAGE2 
(Short Run)

IMAGE2 
(Long Run)

Conforti Frandsen

Output

Livestock -8.72 -12.69 -35.1 Bovine -52.8 
Other -5.7 
Wool 66.2

Raw milk 0.76 0.55 -A.l 0

Cereals ^ 1 .7 6 -52.77 cereals -25.3 
oilseeds -45.9

Wheat -7.2 
Other grains -8.3 

Oilseeds -18.5

Fruit and Vegetables 15.52 3.67 1.6 28.2

Producer Prices

Livestock 1.77 5.20 26.3 n.a.

Raw milk -8.85 -20.07 -1.9 n.a.

Cereals 30.81 41.56 cereals 18.2 
oilseeds 25.1

n.a.

Fruit and Vegetables -16.33 -A .ll -2 .7 n.a.

Macro results

Real GDP 0.03 0.03 welfare
improvement

0.6

Average return to land 85.85 78.56 n.a. 234.1

Although their study is of a comparative static nature, both Frandsen and Conforti 

incorporate an element of dynamics by projecting existing Agenda 2000 policies until 

2013, and using that as a baseline. Decoupling is modelled in the same way as in 

IMAGE2, that is, as a homogeneous subsidy to land. However, both GTAP studies allow 

all types of land to qualify for the subsidy, including land used for Fruit and Vegetables,
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although this is excluded from the policy. In the IMAGE2 analysis, land used for Fruit and 

Vegetables does not qualify for the decoupled payment. Further, the GTAP mode! 

identifies only one type o f land, whereas there are three types identified in IMAGH2. 

Therefore, the GTAP model is expected to produce results based on relatively large 

changes in land use.

Because it is a world model, and the simulation incorporates the implementation o f the 

M TR in the rest o f  the EU, the exogenous export demand shocks applied in the IMAGE2 

simulation are unnecessary to the GTAP simulations.

Reform in the dairy market is not considered by Frandsen et al. Conforti et al incorporate a 

reduction o f 14% in the intervention price for dairy products. It is not clear how this 

translates into results for the market price for raw milk, which falls between 1% and 3% 

for most member states, or the market price for dairy products, which falls by less than 2% 

for all member states.

The closure used by Frandsen is similar to the IMAGE2 long run closure. The rate of 

return to capital is fixed, and the total capital stock is endogenous. In IMAGE2, the 

national capital stock is exogenous and the rate o f  return is endogenous, however, in the 

long run the endogenous increase is only 0.01%, a negligible difference from the Frandsen 

closure. The assumption regarding capital is not clear in the Conforti analysis, however, it 

is probably similar to the Frandsen closure.

Frandsen also sets the supply o f land exogenously. In the GTAP model, immobile 

agricultural labour is not identified separately, so the overall mobility o f labour is greater 

than in IMAGE2. This may cause greater reductions in agricultural output in both 

Frandsen and Conforti than were found in the IMAGE2 simulations.

Frandsen et al do not provide a result for aggregate agricultural production, but the 

compositional results for Ireland are similar to the IMAGE2 results, with large decreases in 

the production o f Cereals and Bovine animals. There are increases in the production o f 

Vegetables, fruit and nuts. Other Crops, and, surprisingly. Wool. Conforti et al also find 

similar compositional results. Both Frandsen and Conforti find reductions in the output o f 

Cattle of a greater magnitude than the reduction found in the IMAGE2 simulation. Apart
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from the greater mobility o f labour mentioned in the previous paragraph, there are two 

possible reasons for this. Firstly, the GTAP results may have overstated the reduction in 

Cattle output because they do not take into consideration the almost fixed supply o f calves 

and cull cows from the Dairy sector. Secondly, because they have used a baseline o f 2013, 

the rate o f subsidy support differs from the IMAGE2 rate. Frandsen reports that support of 

bovine animals is worth 85.1% o f the value o f domestic production in the 2013 baseline, 

whereas it is worth only 55.9% in the 1MAGE2 baseline. The removal o f this higher level 

o f  support in the Frandsen analysis produces a greater supply response.

Like IMAGE2, Frandsen et al find a small increase in GDP. Conforti et al do not report 

GDP, but do find a small “welfare improvement”, measured in terms o f equivalent 

variation. Frandsen et al report an increase in the return to land in Ireland o f 234.1%, the 

highest increase in the EU. The increases found in the IMAGE2 short run and long run 

simulations, albeit large, are much smaller. This could be because different types o f land 

are identified in the IMAGE2 database, restricting the ability o f  land to find the highest 

return. It also could be because o f  differences in the valuation o f land between the 

IMAGE2 and GTAP databases. Bearing in mind that the decoupled payment is worth 

approximately €1 billion, and the initial value o f  land in 2003 as estimated in IMAGE2 is 

approximately €600 million, it is not surprising that there is large variation in results 

reported in percentage change terms.

Lips uses the 1997 GTAP database as a baseline. The closure is the same as the Frandsen 

closure. Results are presented for the Netherlands and the Rest o f the EU (EU14). As a 

result o f decoupling in the Netherlands, Lips finds that production decreases in previously 

subsidised agricultural commodities such as Cereals and Cattle, and there is negligible 

change in the production o f other commodities. Presumably, the available land area is 

fixed in the simulation, implying that land is left fallow or a large degree o f extensification 

takes place. The Lips results are at odds with the Frandsen results, which find an increase 

in Bovine production in the Netherlands.

4.5.3 Results from other studies

A single country CGE model, the ISMEA model, is used by Magnani et al (2003) in their 

Italian study o f  the MTR. In addition to decoupling and intervention prices modelled in 

IMAGE2, the Magnani study also considers modulation, the gradual reduction o f the single
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farm payment in the future. The ISMEA model finds composifional results for Italy that 

are similar to the 1MAGE2 results for Ireland, with large decreases in output o f Cereals, 

Beef, and Other Livestock (presumably Sheep are included here). There is an increase in 

output o f  Vegetables, Olives, Fruit and Viticulture. Another similar result is that the 

quantity o f exports in percentage change terms tends to increase or decrease by more than 

the quantity o f  output, indicating that the elasticity o f export demand is greater than the 

elasticity o f domestic demand.

Magnani et al also find some changes in the composition o f agricultural primary factor 

usage which are similar to the IMAGE2 results. Because land supply is fixed, there is a 

large degree o f extensification in land use. For example, Magnani et al find that Milk 

production falls by 3%,^^ but land use increases by 14%. This is similar to the IMAGE2 

long run result where Milk production increases by 0.6% and land use by 14.7%. 

However, Magnani et al also find intensification in land use in some activities, notably 

those which received direct payments under Agenda 2000.

The partial equilibrium, EU wide AG-M EM OD Partnership model is used by Chantreuil et 

al (2004) to study the impact o f the MTR, and by Erjavec and Donnellan (2004) to study 

the impact o f  accession to the EU for the new member states. The model captures the 

dynamic aspect o f agricultural production, with attention given to the number o f breeding 

stock and its implications for output in future years.

Chantreuil et al represent the MTR using shocks similar to those applied in the IMAGE2 

simulations. Direct payments are removed, although the single farm payment is captured 

by “reducing the supply inducing effect o f  payments to 30 per cent o f their level under the 

Baseline” . This comment implies that the shocks may be akin to partial decoupling. This 

approach is justified as the single farm payment may be considered as a buffer against risk, 

and therefore has some role in encouraging production. However, the single farm payment 

is not linked to any particular agricultural activity, and should be considered as an equal 

buffer against risk for any type o f  agricultural activity, not just those which received direct 

payments.

It is not mentioned whether this is because o f  a decrease in the quota, or because the quota is not filled.
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Results from Chantreuil et al for the whole EU are similar to IMAGE2 results for Ireland, 

finding a decrease in the area under Cereals and a fall in production o f Beef and Sheep. 

They do not offer an explanation for where the land released from these activities might be 

used. There is no increase in the production o f  any agricultural commodities. They find a 

decrease in Pig inventories, although no change in the production o f Pigmeat, and an 

increase in the consumption o f Pigmeat, which implies an increase in imports o f both 

unprocessed (or live) Pigs and Pigmeat.

Erjavec and Donnellan do not study the MTR itself, but find some interesting results in 

their analysis o f  EU enlargement. In particular, they find that production o f B eef and 

Cereals will increase in the accession countries. This may have implications for the 

IM AGE2 simulation, because import prices for B eef and Sheepmeat were assumed to 

increase as a result o f higher EU prices following the MTR. However, increased imports 

from the accession countries may have the opposite effect. Nevertheless, the trade effects 

were typically insignificant in the IMAGE2 simulations.

A detailed Irish study o f  the MTR is conducted by Garvey and M clnemey (2004) using the 

CAPRI model. They project Agenda 2000 forward until 2009, and use this as their 

baseline. Like IMAGE2, they predict that the area under Cereals will decline. However, it 

in not clear whether this land will be used in any other agricultural activity, as the area 

under Sugar Beet also declines, and there is no mention o f land use in grazing activities or 

forestry. They also predict large falls in the output o f Cattle, and very little change in the 

output o f Milk, due to the continuation o f the quota. Like IMAGE2, there is little change 

predicted for agricultural income.

Perez et al (2004) also use the CAPRI model to conduct a cost analysis o f the reduction o f 

methane emission from the agricultural sector. Methane is a significant component o f 

agricultural greenhouse gas emissions. They conclude that the reforms present in the MTR 

could enable Ireland to achieve its target for reductions in greenhouse gas emissions. This 

observation was also made in the IMAGE2 results.

4.5.4 CSO advance estimates of agricultural activity

At the end o f  2005, the first year o f full decoupling, the CSO published advance estimates 

o f  agricultural activity for 2005 (CSO 2005d). Bearing in mind that the IMAGE2 results
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are comparative static, and do not take into consideration factors beyond the MTR (such as 

the Nitrates Directive), the CSO results suggest that the broad indications given by the 

IMAGE2 short run resuhs are accurate. In particular, the volume o f agricultural output fell 

by 4.7%^“* and Gross Value Added at factor cost increased by 1.3%.^^ The IMAGE2 short 

run simulation indicated a decrease o f  5.6% in output and an increase o f 3.5% in GVAF.

At the commodity level, Figure 4.23 shows that the volume o f output o f  all commodities 

fell, except for Other Crops, which increased marginally. IMAGE2 successfully forecast a 

large fall in Cereals output, which fell by 27.9%. Large falls were also expected for Cattle 

and Sheep output, which fell by 4.2% and 1.0% respectively. A greater fall in output may 

have been counteracted by stock entering the market as part o f de-stocking by farmers in 

response to the MTR. Given time for adjustment. Cattle and Sheep output may fall to a 

level closer to the IMAGE2 result. The increases in output o f Pigs, Other Livestock 

Root Crops^^ and Other Crops^* found by IMAGE2 are not reflected in the CSO data. 

However, given time for adjustment, some o f the resources released from production of 

Cattle, Sheep and Cereals may be utilised in the production o f these commodities.

Figure 4.23 Percentage change in commodity output and producer price, IMAGE2 short 

run forecasts and CSO 2005 results
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In summary, the IMAGE2 results appear to be consistent with a number o f  other studies. 

In particular, the reduction in activities which previously received direct payments is 

predicted in all the studies, for Ireland, other EU countries, and the EU as a whole. The 

exact reallocation o f resources is unclear in some studies, but the Frandsen and Magnani 

studies both find increases in agricultural activities other than Beef, Sheep and Cereal 

production.

4.6 Conclusion
The MTR brings radical change to EU agricultural policy. The simulations described in 

this chapter are the most detailed general equilibrium modelling o f the MTR for Ireland. 

Like similar studies for other members o f  the EU and the EU as a whole, the results show 

that the MTR will have significant effects on agricultural activity. The simulations analyse 

the effects o f decoupling, dairy market reform, and the implementation o f the MTR in the 

rest o f the EU. The most significant effects occur as a result o f  decoupling.

The economy-wide effects are minimal, owing to the insignificance o f  agricultural 

production in the national context. The increase in EU funds for the compensatory dairy 

payment and the improvement in allocative efficiency following decoupling are factors 

which exert a small positive influence on GDP.

Change is driven by the reallocation o f resources in the economy, and within the 

agricultural sector. Decoupling removes the incentive to produce to receive subsidies, 

reducing the profitability o f the agricultural sector. In the short run, when there is 

insufficient time for sectoral capital stocks to adjust, labour which is employable outside 

agriculture can depart the agricultural sector. This underlies a decrease in agricultural 

production o f 5.6%. Despite the reduction in supply, the producer price index for 

agricultural products falls by 2.5% as a result o f  decreased market support for milk. In the 

long run, when the capital stock can also adjust, the decrease in agricultural production is 

9.5%. Market support for dairy is further reduced in the long run, so the producer price 

index falls by 3.2%.

A welcome side effect o f  the reduction in agricultural output is the reduction in emissions 

o f  greenhouse gases from agricultural activity, o f  11.9% in the short run and 14.9% in the 

long run. These reductions are in excess o f  the target for agriculture proposed by the
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National Climate Change Strategy (DELG 2000), suggesting that the agriculture sector 

could potentially play a larger role in reducing national emissions.

Farm incomes, or Gross Value Added at factor cost in the agricultural sector, are subject to 

both negative and positive influences under the MTR. On the positive side, there is an 

increase in the aggregate level o f  subsidy support, with the old direct payments fully 

replaced by the decoupled payment, and the addition o f the compensatory dairy payment. 

There is also assumed to be an improvement in export demand for B eef and Sheepmeat as 

a result o f  the implementation o f the M TR in the rest o f the EU. Further, the removal o f 

the link between direct payments and the production o f certain agricultural commodities 

eliminates a distortion in the allocation o f  agricultural resources, leading to an 

improvement in allocative efficiency in the sector. These positive effects on GVAF are 

counteracted by the reduction in market support for Milk, which is particularly large in the 

long run. The fall in agricultural production also has a negative effect, counteracted by an 

increase in producer prices which is determined by the elasticity o f demand. Modulation, 

or the gradual reduction in subsidy payments, has not been considered in this analysis but it 

would also have a negative effect. The net effect on farm incomes is an increase in the 

short run o f 3.5%. In the long run, as market support for dairy falls, farm incomes are only 

0.3% greater than they otherwise would have been.

The simulations also trace the reallocation o f resources within the agricultural sector 

following the removal o f direct payments. Agricultural sectors competing for resources 

were influenced by subsidies linked to the production o f particular commodities under 

Agenda 2000. In the MTR, these distortions are removed, altering the allocation o f 

agricultural resources. At the same time, the implementation o f  the MTR in the EU 

increases the prices received for Irish exports o f B eef and Sheep meat, and there is a cut in 

market support for Milk.

Cattle, Sheep, and Cereals production were highly subsidised under Agenda 2000. With 

the removal o f  direct payments, output o f  these commodities decreases. This is despite an 

increase in EU prices, and an almost fixed supply o f calves from the Dairy industry, where 

the milk quota remains binding. The resources released from the production o f these 

commodities underlie an increase in the production o f other livestock, forestry, and other 

crops, in particular Fruit and Vegetables.
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There are numerous constraints on the reallocation o f  resources within agriculture. 

Significantly, changes in the Dairy sector are constrained by the national quota. The 

removal o f  subsidies in the Sheep and Cattle sectors reduce the cost o f land for grazing, 

which is beneficial for the holders o f dairy quota, and improves the profitability o f the milk 

industry despite the cut in market support. I f  not for this restriction, the contraction in 

Sheep and Cattle output would have been much greater.

In the arable sector, the heavily subsidised activity o f Cereal production was grounds for 

significant misallocation o f  resources under Agenda 2000. The removal o f  this distortion 

would have had larger repercussions if  not for some policy limitations. First, Fruit and 

Vegetable production does not qualify for decoupled payment under the MTR. Second, 

sugar production is subject to a quota. Therefore, two important alternative uses for 

resources released from cereals production have limits placed on their expansion.

The simulations illustrate some important features o f the MTR. The response o f the Irish 

agricultural sector depends on the extent to which resources are reallocated. The departure 

o f  labour and capital from the agricultural sector leads to a reduction in agricultural output, 

and the removal o f the link between subsidy payments and particular agricultural activities 

leads to a redistribution o f output within the sector. The decoupled payment and the dairy 

paym ent ensure that farm incomes will not suffer a reduction and may increase in the short 

run.
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4.7 Tables

4.7.1 Short Run Results

Table 4.17 Selected results, primary commodities (percentage change unless otherwise 

stated)

Output Producer
Price

Basic
Price

Domestic
Price

Imports Exports GHG 
emissions 

(change, kt 
C02 equiv.)

Milk 0.76 -8.85 -8.85 -16.18 -4.03 14.41 36.43

Cattle -15.44 -22.85 19.68 20.70 3.50 -25.94 -1855.27

Calves -16.85 -33.99 -33.99 -33.99 -85.64 0.00 0.00

Sheep -15.45 -20.24 16.91 18.69 15.09 -23.84 -363.27

Pigs 14.02 -11.01 -11.01 -11.88 -5.00 23.87 34.85

Poultry 14.02 -11.01 -11.01 -11.88 -5.06 23.87 17.04

Horses 15.34 -14.49 -14.49 -15.68 -10.32 29.41 28.81

Cereals -41.76 -24.82 30.81 31.36 98.52 -54.49 -163.98

Fruit and Veg 15.52 -16.33 -16.33 -17.49 -5.62 35.52 19.65

Sugar 0.00 -0.44 -0.44 -0.45 0.09 0.37 0.00

Potatoes 13.15 -18.29 -18.29 -18.35 0.20 30.78 12.34

Other Crops 14.81 -19.51 -19.51 -19.62 -8.91 33.98 18.76

Forestry 5.38 -4.13 -4.13 -4.21 -0.14 8.18 -70.97

Table 4.18 Selected results, manufactured food commodities (percentage change)

Output Export
Price

Export
Volume

Import
Volume

Basic
Price

Domestic
Price

Domestic
Consumption

Beef -14.49 4.91 -22.15 34.84 10.60 14.09 -8.92

Sheep meat -11.95 5.55 -16.71 19.86 8.48 11.39 -7.10

Pork and 
Poultry

14.87 -0.97 21.42 -34.53 -6.39 -12.20 7.82

Milk
Products

0.00 -5.30 -1.34 -11.99 -4.66 -3.51 2.40

Animal
Feed

-0.12 0.16 -0.78 1.69 0.83 0.94 -0.01
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Table 4.19 Selected results, primary activities (percentage change)

Output Land
Use

Land
Price

Capital
Use

Capital
Price

Labour
Use

Labour
Price

VA
Basic
Price
index

VA
Factor

Price
index

Milk 0.76 7.39 -47.94 -0.44 -27.85 -1.14 -25.66 -31.45 25.21

Cattle -16.85 -5.69 -60.39 -17.96 -27.85 -19.05 -23.69 -31.83 -9.89

Sheep -15.45 -4.79 -59.40 -16.70 -27.85 -17.39 -25.29 -32.24 -9.96

Pigs 14.02 5.69 0.00 14.16 -27.85 13.36 -25.66 -27.48 -27.48

Poultry 14.02 5.69 0.00 14.16 -27.85 13.36 -25.66 -27.48 -27.48

Horses 15.34 17.71 -36.98 14.07 -27.85 13.28 -25.66 -31.19 35.48

Cereals -41.76 -31.20 -81.92 -50.14 -27.85 -50.47 -25.84 -62.17 -27.51

Fruit and 
Veg

15.52 -2.21 47.48 16.06 -27.85 15.32 -25.84 -26.38 -26.38

Sugar 0.00 8.66 -30.10 -0.87 2.99 -1.51 5.80 -0.71 24.05

Potatoes 13.15 18.43 -41.85 12.67 -27.85 11.95 -25.84 -29.16 -8.54

Other
Crops

14.81 19.65 -40.59 14.39 -27.85 13.66 -25.84 -28.98 -12.09

Forestry 5.38 5.33 -9.44 10.14 -27.85 3.37 -0.47 -9.63 126.37

Table 4.20 Selected Macro Results (percentage change)

GDP 0.03

Output o f the Agricultural Sector -5.62

Output o f the Land Use Sector -4.72

Output of the Agri-Food Sector -2.19

Output o f the non-Agri-Food Sector 0.21

Agricultural Employment -11.80

GVA in Land Use Sector 3.48

Agriculture Producer Price Index -2.65

Agriculture Basic Price Index -17.81

Agri-Food Producer Price Index -0.26

Agri-Food Basic Price Index -3.94

Non-Agri-Food Basic Price Index -0.21

Agricultural GHG emissions -11.90

National GHG emissions -3.69
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4.7.2 Long Run Results

Table 4.21 Selected results, primar>' commodities (percentage change unless othem ise  

stated)

Output Producer
Price

Basic
Price

Domestic
Price

Imports Exports GHG 
emissions 

(change, kt 
C02 equiv.)

Milk 0.55 -20.07 -20.07 -15.91 -4.76 13.97 26.52

Cattle -18.60 -20.41 23.34 24.53 4.49 -30.22 -2234.83

Calves -20.24 -34.42 -34.42 -34.42 -86.07 0.00 0.00

Sheep -15.93 -19.97 17.29 19.11 15.44 -24.42 -374.62

Pigs 5.13 -2.18 -2.18 -2.31 1.61 6.45 12.75

Poultry 5.13 -2.18 -2.18 -2.31 1.60 6.45 6.23

Horses 9.07 -13.84 -13.84 -15.06 -14.60 22.53 17.03

Cereals -52.77 -17.94 41.56 42.28 127.35 -65.84 -207.23

Fruit and 
Veg

3.67 -4.77 -4.77 -5.09 -1.98 8.40 4.65

Sugar 0.00 -0.86 -0.86 -0.86 -0.10 0.72 0.00

Potatoes 6.86 -10.86 -10.86 -10.89 -0.04 16.20 6.44

Other Crops 4.51 -7.47 -7.47 -7.51 -2.91 10.63 5.71

Forestry 10.06 -7.67 -7.67 -7.82 0.04 15.70 -132.78

Table 4.22 Selected results, manufactured food commodities (percentage change)

Output Export
Price

Export
Volume

Import
Volume

Basic
Price

Domestic
Price

Domestic
Consumption

Beef -17.54 5.25 -26.79 44.11 12.52 16.87 -10.91

Sheep meat -12.48 5.59 -17.37 19.50 8.62 11.62 -7.51

Pork and 
Poultry

6.56 -0.46 9.66 -19.81 -3.29 -6.24 3.33

Milk
Products

0.00 -12.94 -3.32 -29.46 -11.45 -8.87 5.87

Animal
Feed

-4.20 0.90 -4.40 -2.10 1.12 1.15 -4.16
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Table 4.23 Selected results, primary activities (percentage change)

Output Land
Use

Land
Price

Capital
Use

Capital
Price

Labour
Use

Labour
Price

VA
Basic
Price
index

VA
Factor

Price
index

Milk 0.55 14.68 -61.26 -7.93 -0.27 -0.62 -27.64 -31.15 7.29

Cattle -20.24 -7.81 -61.25 -26.22 -0.27 -20.81 -25.54 -27.77 -2.98

Sheep -15.93 -4.31 -61.04 -23.28 -0.27 -17.22 -27.24 -31.82 -7.12

Pigs 5.13 3.83 0.00 3.90 -0.27 12.08 -27.64 -5.07 -5.07

Poultry 5.13 3.83 0.00 3.90 -0.27 12.08 -27.64 -5.07 -5.07

Horses 9.07 24.87 -61.28 0.36 -0.27 8.28 -27.64 -29.83 21.76

Cereals -52.77 -48.07 -65.54 -59.98 -0.27 -56.58 -27.83 -48.74 21.72

Fruit and 
Veg

3.67 -7.33 46.40 1.76 -0.27 9.85 -27.83 -7.73 -7.73

Sugar 0.00 22.15 -58.46 -4.39 18.75 3.25 -13.76 -1.38 17.16

Potatoes 6.86 30.43 -65.54 2.19 -0.27 10.32 -27.83 -17.33 -1.61

Other
Crops

4.51 29.78 -65.54 1.68 -0.27 9.76 -27.83 -11.12 1.61

Forestry 10.06 13.44 ■29.70 5.90 -0.27 5.97 -0.61 -17.93 107.30

Table 4.24 Selected Macro Results (percentage change)

GDP 0.03

Output of the Agricultural Sector -9.50

Output of the Land Use Sector -7.94

Output o f the Agri-Food Sector -3.91

Output of the non-Agri-Food Sector 0.38

Agricultural Employment -12.87

GVA in Land Use Sector 0.29

Agriculture Producer Price Index -3.17

Agriculture Basic Price Index -18.10

Agri-Food Producer Price Index -0.88

Agri-Food Basic Price Index -4.46

Non-Agri-Food Basic Price Index -0.31

Agricultural GHG emissions -14.94

National GHG emissions -4.52
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Appendix 4.1 Fan decomposition
The Fan decomposition (Horridge et al 2003) is a disaggregation o f the change in output of 

a commodity into local market, import share, and export effects. The production and 

consumption o f  any commodity has local and overseas elements, as illustrated in Figure 

4.24.

Figure 4.24 Fan Decomposition of Local and Overseas Production and Consumption

Consumed 

Sum

Produced

Locally Overseas

Local market (L) Exports (X)Locally

Overseas Imports (M)

Sum Total domestic
consumption (D)

Total domestic 
production (Y)

From Figure 4.24 it can be seen that

Y = D + X - M ,  Eq.4.25

or in percentage change format (with lowercase representing the percentage change of 

uppercase),

Yy = D d  + X x - M m .  Eq. 4.26

Recognising that L + M  = D ,

Yy = {L + M )d  + X x - M m  Eq. 4.27

which is rearranged to give

L , M  r ,  ̂ X  Eq. 4.28
= - d - \  {d -m )- \  X
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which is the Fan Decomposition. The first term on the RHS is the local market effect. 

This is the increase in output which would have occurred if  growth in local demand for a 

comm^odity was proportionately balanced between imports and the locally produced 

variety. The second term is the import share effect. This is the increase in output which 

would occur if  domestic demand outstripped growth in imports, or conversely, the 

reduction which would occur if  domestic demand was less than growth in imports. Put 

another way, this term accounts for substitution towards or against imports. The final term 

is the export effect, which is simply the growth in exports o f  the commodity.
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Appendix 4.2 Labour decomposition
Labour used in agriculture is classified into mobile and immobile labour. The reduction in 

labour used in agriculture is the sum of areas A, B, and C in Figure 4.25. Area A 

represents unemployment of immobile agricultural labour. Area B represents 

unemployment of mobile agricultural labour, which is assumed to occur in equal 

proportions in both the agricultural and other sectors. Area C represents the movement of 

mobile labour from the agricultural sector into other sectors.

Figure 4.25 Illustration of the sources of change in agricultural employment

Immobile
agricultural
labour

Mobile 
labour 
emptoyed in ^ 
agriculture 
sector

r
Mobile 
labour 
employed in 
other sectors

Therefore,

A + B + C Eq.4.29
xUab aeri = --------------------------

V0LAB_AGR1 _ 0

where

A = VOLAB _  /(" ImmobFarm") * xllab _  /(" ImmobFarm"), Eq. 4.30

„ VQLAB AGRl(:'MobFarm”) ,  , . a , , a  Eq. 4.31
B = ---------- =---------  ^ * x \ l a b  irMobFarm''),

VOLAB_l{'MobFarm") ~  ̂ '

and
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C = V O L AB _ AG RI ("M obFarm")* xMab _  agri(^'ImmobFarm”) -  C . Eq. 4.32

Note that _ 0  indicates the sum over occupations, I indicates the sum over all industries, 

and _AGRI indicates the sum over agricultural industries only.

This system of equations provides the basis for the data presented in Figure 4.7.
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CHAPTER 5: Extensions to IMAGE2

Two possible extensions to IMAGE2 are sketched out in this chapter. Both regional and 

dynamic modelling have been applied successfully in other CGE models, enhancing the 

usefulness and relevance o f simulation results. The MONASH model o f Australia (Dixon 

and Rimmer 2002) and the USAGE model o f the USA (Dixon and Rimmer 2006) are both 

CGE models with dynamics and a regional dimesion. The world GTAP model (Hertel 

1997) is also multi-regional, and has a dynamic extension (lanchovichina and McDougall 

2000).

To implement these features properly in IMAGE2 would require a large commitment of 

time and technical skill. A large part o f the task would be to collect and collate the 

required data. In this chapter, two prototype models are described, both based on 

1MAGE2. IMAGE-TDR is a “tops down” regional model discussed in Section 5.1, and 

IMAGE-Dynamic is a dynamic CGE model described in Section 5.2.

5.1 Regional Dimension

5.1.1 Introduction

Regional modelling adds an extra dimension to results from CGE models that may be very 

useful to policy makers and other interest groups, especially those with a strong association 

to a particular region. The simulation of the Mid Term Review (MTR) described in 

Chapter 4 provides results for many activities and commodities, occupations, and 

households. From these results, outcomes may be inferred for regions within Ireland. This 

section contains a preliminary illustration of regional modelling in IMAGE2.

Successful applications o f  regional CGE modelling include the disaggregation o f  ORANI 

results for Australia, firstly into the six States o f  Australia (Dixon et al 1978), and more
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recently^^ into 57 regions (Adams and Dixon 1995). The USAGE model o f the USA also 

contains a regional dimension, with results produced for the 50 States. Another example o f 

a regional CGE model is the world model GTAP (Hertel 1997), where the regions equate 

to countries or groups o f  countries.

Leontief et al (1965) first applied regional analysis to Input-Output modelling in the USA. 

The “tops down” method used is described in Section 5.1.2. Dixon et al (1978) first 

applied the method to CGE results to study the impact on the States o f  Australia o f tariffs. 

They were able to demonstrate that tariffs have the effect o f  shifting activity from export 

oriented regions to regions with import competing industries. The essence o f  “tops down” 

is that it is an addition to a national model which takes the completed simulation results 

from a model such as IMAGE2 and disaggregates the effects by region. As such, “tops 

down” is an effective tool for investigating the regional impact o f  a national policy change, 

but not for investigating the impact o f a policy which is applied to a certain region only. 

The model described in Section 5.1.2 is a “tops down” model.

A multi-region model in which the regions are treated as separate trading economies can be 

used to analyse regional shocks. For example, the regions identified in the GTAP model 

are whole countries or groups o f  countries which trade in goods and services. GTAP is 

often used to research the impact on the world economy o f a policy which is applied to one 

or a few countries. For example, GTAP has been used to examine the topical issue o f the 

impact on developing countries o f tariffs in the developed world. This type o f model has 

significantly greater data requirements, for inter-regional trade in particular. For regions 

within a single country, the collection and verification o f such data may be an onerous 

task. For a regional disaggregation o f the impact o f Irish policy change, the tops-down 

method is both practical and informative.

5.1.2 Simple “Tops Down” Regional model: IMAGE-TDR

In this section, a simple “tops down” model, IMAGE-TDR (IMAGE Tops Down Regional) 

is built. Three “regions” are identified, which correspond with the IMAGE2 household

by now known as the MONASH model
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types, i.e. the Urban region, the Farm region, and the Other Rural region. The aim o f the 

model is to find regional growth results for variables such as output or income.

Apart from the IMAGE2 simulation results, the only data requirement for IMAGE-TDR is 

commodity output by region. Three steps are taken to construct the model. The first step 

is to classify each commodity as National or Local. National commodities are those which 

are not necessarily produced in the region where they are consumed. Typical examples o f 

National commodities are traded goods, such as manufactured items or agricultural output. 

Local commodities are those which tend to be produced and consumed within the same 

region. These generally correspond to the non-traded commodities, or services, and 

perishable items such as some foods.

In IMAGE-TDR, the National commodities are the Agricultural and Manufacturing 

commodities, and the Local commodities are the Services. The full classification is listed 

in Appendix 1.

The second step in model construction is to assign regional growth rates to the National 

commodities. The simplest approach is to assign the national growth rate for each 

commodity to all regions. For example, if  national output o f  Sheep is expected to decline 

by 15%, then output o f Sheep in all regions will decline by 15%. Unless specific 

information is available, for example, the closure o f  a large factory in a certain region, this 

is the best approach. In IMAGE-TDR,

xOcom(c,r) = xO com _r(c) c e C N A T  Eq. 5.1

where xOcom(c,r) is the percentage change in the output o f commodity c by industry r, 

xOcom_r(c) is the percentage change in the output o f  commodity c nationally, and CNAT 

is the set o f National commodities. Note that the values for xOcom r(c) are provided by 

the simulation results iox xOcom(c) taken from IMAGE2.

The third step is to calculate the regional growth rates for the Local commodities. The 

only constraint is that the weighted average o f the regional growth rates for each 

commodity m ust equate to the known national growth rate. That is.
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^ M A K E  _ l{c ,r )*  xQcom{c,r) Eq. 5.2
— = xQcom_r{c) c e CLOC

Y^MAKE _ l{c , r )
reREG

where MAKE_J(dj) is the output of commodity d  in region r and CLOC is the set of Local 

commodities.

The regional growth rates for Local commodities may be expected to depend on growth in 

intermediate and investment demand by National industries located in the region, and 

growth in local household and government income. In IMAGE-TDR, the growth rate is 

assumed to depend only on growth in the National commodities which are produced in the 

region.

The growth rate for National commodities produced in region r, xOcom_nat(r), is given by 

^ M A K E _ l{ d , r ) x O c o m _ r { d )  Eq. 5.3

xOcom _nat{r) = deCN AT

Y^MAKE _ l { d , r )
deCN AT

Recall the constraint given in Equation 5.2. The estimate of the regional growth rate for 

Local commodities is calculated by scaling the regional growth rate in National 

commodities to satisfy this constraint. A commodity shift variable is defined such that

' Y  MAKE _ l{c, s)xOcom __ nat{s) Eq. 5.4
f  _  xOcow(c) = xOcom _  r(c) - seREG

Y .M A K E  _l{c ,s )
seREG

c G CLOC

The regional growth rate for Local commodities is then

xQcom{c,r) = xQcom _ nat{r )+  f  _xOcom{c) c e  CLOC, r e  REG Eq. 5.5

The derivation of equations 5.1 to 5.5 has used regional output as an example. A similar 

derivation could be performed for other measures, such as income or employment.
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5.1.3 Illustrative Results

The resuhs for gross output presented in this section are merely illustrative. The results are 

calculated using equations 5.1 and 5.5 and some estimated “ballpark” figures for regional 

output.

The estimated data for the commodity groups Agriculture, Manufacturing, and Services are 

shown in Table 5.1. The 66 IMAGE2 commodities are disaggregated by region according 

to the regional disaggregation for the relevant commodity group. Total output o f  each 

commodity group is taken from the MAKE matrix in the IMAGE2 database. Total output 

o f  each region is specified according to household spending by the corresponding 

household type. The Farm region is assumed to produce 90% o f agricultural output, with 

the remaining 10% produced in the Rural region. This assumption allows for the fact that 

not all farm labour or capital is provided by the Fann region.

Services comprise 54% of total output, and the production and consumption o f Services is 

concentrated in the Urban region. Therefore, an estimated 70% o f Urban output is 

presumed to be Services, with the remaining 30% Manufacturing. The remaining Services 

output is distributed between the Farm and Rural regions in proportion to their output. 

Manufacturing in the Farm and Rural regions is derived as a residual.

Table 5.1 Estimated regional output of commodities, € billion

Region

TotalUrban Farm Rural

Agriculture 0.0 5.6 0.6 6.2

Manufacturing 51.3 8.2 49.1 108.5

Services 119.6 4.0 14.5 138.2

Total 170.9 17.8 64.2 253.0

Results for short run changes in total commodity output by region following the Mid Term
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Review (MTR) are shown in Table 5.2.'°° Output in the Farm region falls by 2.3%, while 

there are small increases in output in the Urban and Rural regions.

Table 5.2 Commodity Output by region, short run (% Change)

Region Commodity
Output

Urban 0.16

Farm -2.33

Rural 0.05

State -0.05

More insight into the regional results is gained by calculating the decomposition o f the 

changes by commodity. Figure 5.1 shows the decomposition o f  regional output by 

commodity group. The decomposition is found by calculating the share weighted 

contributions to regional output o f changes in the region’s output o f each commodity.

In Figure 5.1, it can be seen that the large decrease in output in the Farm region is mostly 

attributable to the reduction in national agricultural output. However, there is also a 

substantial reduction in Services output in the Farm region. In IMAGE-TDR, this occurs 

because the output o f Services in the Farm region falls in response to the fall in other 

activity in the region, although in practice, services output also depends on other factors 

such as regional income.

The State increase in M anufacturing output applies to all regions, because manufacturing is 

classified as a National commodity. The increase has the greatest impact on the Rural 

region, for which M anufacturing accounts for 76% o f output. The increase in 

Manufacturing in the Rural region outweighs the decrease in Agricultural output. 

Therefore, there is a small increase in the aggregate output o f National commodities, which 

stimulates a small increase in the output o f  Services. In the Urban region, where Services 

account for 70% o f output, the expansion in Services is the largest component o f the 

increase in the region’s output.

See Chapter 4 for a full description o f  the MTR simulation.
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Figure 5.1 Decomposition of regional output by contribution of commodity group
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The decomposition analysis highlights a shortcoming o f the estimated data. Rural output is 

stimulated by the increase in M anufacturing output. Manufacturing in the Rural region is 

skewed towards the output o f  processed food commodities. However, in the creation o f 

the dummy dataset for this analysis. M anufacturing in all regions was assumed to consist 

o f the same proportions o f each commodity. As a result o f the MTR, manufacturing o f 

processed food commodities declines while manufacturing o f other commodities increases, 

for a net increase in manufacturing output. However, in the Rural region, with greater 

emphasis on the manufacturing o f processed food commodities, it is possible that net 

manufacturing output decreased. By ignoring the bias towards processed food in the Rural 

region, this possibility has been disregarded, so the increase in Manufacturing output 

attributed to this region may be incorrect. This has greater consequences, as it would mean 

the output o f Services in the region would also decline, and the implication is that Rural 

output would fall rather than increase.

5.1.4 Future Directions

The results from IMAGE-TDR demonstrate that a regional add-in could enhance this study 

o f the MTR, providing another dimension to the analysis. However, there are a number o f 

refinements o f  IMAGE-TDR required in order to provide reliable and meaningful results.

The regions in the model need to be more clearly defined and related to physical locations 

in Ireland, and actual data needs to be used. The CSO publishes regional accounts for
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economic activity and detailed regional accounts for agriculture, at the NUTS 3'* '̂ level 

(CSO 2005b, 2005e). NUTS 3 identifies eight separate regions.

The tops-down approach requires a stark differentiation between National and Local 

commodities. The success o f  this approach when applied to Australia comes because the 

majority o f activity in the states or regions o f Australia occurs in large cities far from state 

borders. Therefore, inter-regional trade in services is limited, and it is appropriate to 

declare that the output o f Local commodities depends on local activity only. In Ireland, 

where the regions are smaller and inter-regional trade in services may be more significant, 

the binary National/Local classification may be insufficient. In this case, an approach 

similar to that used by Dixon and Rim mer (2006) in the USAGE model o f the USA may be 

more suitable. In that model, the commodity classification is applied along a continuum, 

so a commodity does not have to be entirely local or national.

A final set o f improvements relates to the estimation o f changes in output o f Local 

commodities. In IMAGE-TDR, the output o f local commodities in a region is determined 

to vary simply in accordance with the output o f national commodities in that region. A 

number o f  refinements could be incorporated. Rather than varying with regional output of 

National commodities, output o f Local commodities could be assumed to depend upon 

intermediate and investment demand for Local commodities from the National industries 

in the region. Further, an input-output style feedback mechanism could be incorporated 

such that output o f Local commodities also depends on the intermediate and investment 

demand for Local commodities from Local industries.

An improvement which is particularly relevant with regard to the MTR simulation is to 

incorporate household income into the specification o f demand for Local commodities. 

This is important in the agricultural context where agricultural output falls but gross value 

added at factor cost increases. In the IM AGE-TDR example provided, output o f Services 

in the Farm region falls, because it follows the fall in output o f  Agriculture. However, 

GVAF in Agriculture increases, which should exert positive pressure on the demand for 

Services in the Farm region. This effect is not captured by IMAGE-TDR, but could be 

incorporated into a more detailed regional extension. It would be incorporated by linking

>0' n u t s  is the Nom enclature o f  Territorial U nits classification used by Eurostat.
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demand for Local commodities to household incomes in the region, and linking household 

income to GVAF from activity in the region. Less significantly, demand for Local 

commodities could also be linked to government demand in the region.

5.2 Dynamic Model: IMAGE-Dynamic
A dynamic CGE model of the Irish economy could be constructed from IMAGE2, using 

the methodology that led to the evolution o f the dynamic MONASH model from its 

predecessor, the comparative static ORANI model upon which IMAGE2 is based. This 

would provide substantial improvements to the current model IMAGE2 and would be the 

first dynamic CGE model of the Irish economy. A similar approach was adopted by

Adams (2000) in the construction o f Dynamic-AAGE, a dynamic CGE model of the
102Danish economy based on the original, comparative static AAGE model (Frandsen et al 

1994).

The extension of IMAGE2 into dynamic forecasting is motivated by the need to produce 

time series forecasts of the effects of policy changes, and to view policy forecasts in the 

light o f comparison to a baseline forecast. Dixon and Rimmer (2002) find that results of 

policy analysis can be sensitive to the baseline forecast. In particular, they find that results 

are sensitive to sectoral differences in rates o f change of variables such as technical change 

and consumer preferences in the baseline. There are two areas where changes need to be 

implemented to create the dynamic model. Firstly, intertemporal linkages need to be 

established. Secondly, the use of the four MONASH closures needs to be introduced.

Intertemporal linkages are made in the accumulation o f physical and financial capital, and 

a lagged adjustment process. Physical capital accumulates according to the amount o f new 

investment, net of depreciation. The MONASH model can determine new investment 

using either static or forward-looking expectations. The accumulation of financial capital 

is determined by the revaluation o f existing assets or liabilities and interest payments or 

receipts (passive accumulation), and new borrowing or investment (active accumulation). 

Given the significance of foreign ownership of capital in Ireland, a useful addition to 

IMAGE2 available in MONASH is the facility to recognise foreign ownership o f assets.

A A G E  is the acronym for Agricultural A pplied General Equilibrium.
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and take this into account for domestic welfare analysis. The lagged adjustment process is 

concerned with the time taken to adjust in the labour and investment markets. In response 

to labour market changes, wages adjust gradually, lagging behind changes in employment, 

so that involuntary employment is possible in the short run, but the labour market clears in 

the long run. In the Irish context, this adjustment process could also include endogenous 

migration, to capture the open labour market between Ireland and the UK.

The four closures o f M ONASH are

(a) Historical,

(b) Decomposition,

(c) Forecast, and

(d) Policy.

The historical and decomposition closures are concerned with past events. The historical 

closure is used to establish trends in tastes and technology, and to fill in gaps in the 

currently available data. The decomposition closure applies the trends discovered by the 

historical closure one by one, in order to attribute changes in economic performance to 

specific changes in technology and taste. The forecast closure is concerned with producing 

a baseline forecast. The closure is designed to enable the general equilibrium model to 

take account o f information provided by specialists, for example, FAPRI-Ireland 

agricultural forecasts. In a general equilibrium framework, a variety o f  specialist forecasts 

can be amalgamated to produce a consistent, overall analysis. Finally, the policy closure is 

used to produce results o f  policy analysis, which are expressed as deviations from the 

baseline forecast.

O f all the features o f dynamic modelling, that which is o f most relevance to the simulation 

o f the MTR is the accumulation o f physical capital. For example, if  calves are considered 

an investment good which provide a return in three years time when they have matured, the 

decision to invest in calves in Year t is based on their expected return in Year t+3. Output 

in Years t+1 and t+2, although it occurs after the policy announcement, has been 

predetermined by the number o f calves produced in Years t-2 and t-1 respectively.

In MONASH, the rule for capital accumulation in industry i is
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X\CAP{i, t  + 1) = X \C A P { i , t \ \  -  S )+ X 2 T O T { i , t ) Eq. 5.6

which is ver}' similar to Equation 2.52 describing capital accumulation in the comparative

static IMAGE2. Note the incorporation o f the time qualifier, t. The coefficient 5

represents the rate o f depreciation and the other terms are defined as for IMAGE2.

With a given starting point for the capital stock, and a rule for determining investment, it is 

then possible to track the accumulation o f  capital in industry i. In MONASH, investment 

in industry / is determined by the industry’s expected rate o f  return. This is defined as

/L V P2TOT[i,t )  1 + r

, ^E ,[P 2T 0T { i , ,* \ ) ]  1 'I
} p2TOT[i , t )  1 + r  ^

where E, denotes an expectation held at time t and r is the rate o f interest. Note that the

second term on the RHS captures the value, at time t+1, o f the capital created at time t. 

This effectively covers all future rental returns.

Investment is then determined by the relationship

  -‘(Hw*-)
where fu  is a non-decreasing function. This function ensures that the rate o f return required

for investors to invest in industry i increases as investment in the industry increases. 104

In IM AGE-Dynamic, the Livestock industries may be thought to use two types o f capital: 

along with the “usual” capital such as buildings and machinery, they also invest in animals. 

Using the Cattle industry as an example, capital accumulation and rates o f  return for

Refer to Chapter 2 for a reminder about the IMAGE2 notation.
In MONASH, an inverse logistic function is used f o r w h i c h  effectively imposes upper and lower limits 

on the rate o f  capital growth.

226



“usual” capital are defined as in Equations 5.6 and 5.7. Capital accumulation for calves is 

defined as

X \C A P {c \ , /,/ + 1) = X \C A P { c \ , i , t ) -  X Q C 0M {c2 ,t)+  XQ CO M {c\,t)  Eq. 5.9

where c l  denotes calves and c2 denotes adult cow s.’®̂ Note the use o f  both a commodity 

and an industry qualifier (/) on capital stock and industry output.

The specification o f the expected rate o f  return on calves is also modified, from Equation 

5.7. On the assumption that a ca lf takes three years to mature, no return is realised for the 

first two years. Therefore,

E, [POCAP{i,t + 1)] = E, [POCAP{i,t + 2)] = 0 . Eq. 5.10

The return is realised in the third year, when

E, [P<dCAP{i,t + 3)] = E, [PQCOM{c2,t + 3)]. Eq. 5.11

That is, the return in the third year is equal to the expected price o f an adult cow in that 

year. It is also assumed that after the third year, the cow has no value (perhaps it becomes 

old and inedible). Therefore,

£ ,[P 0 C ^ P (/,/ + 4 ) ]= 0 . Eq. 5.12

Although a calf does not “depreciate” as such, it incurs maintenance costs, such as feed 

and vaccinations, the cost o f  which must also be incorporated into the calculation o f rate o f 

return.

The rate o f return for investment in calves is therefore:

Note that cows are “calves” until they reach slaughter age.
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'- ■' P2TOT{i,t )  (l + r )  P2T0T{i , t )

where ju is the present value o f the maintenance cost o f a unit o f calf c a p i t a l f o r  two 

years.

Investment in calves is still determined by Equation 5.8.

All that remains is to build the new type o f capital, calves, into the production function for 

Cattle. This is only slightly modified from IMAGE2. In the top nest, the Leontief 

structure is used, such that

X\TOT{i , t )  = L E O N T lE F {X \P R lM { i , t ) ,X \C A P {c \ , i , t ) ,X \_ S {c , i , t ) ) . Eq. 5.14

That is, primary factors, calves, and intermediate inputs are used in fixed proportions to 

output. W ithin the primary factor nest, a CBS function is used, such that

X \P R lM { i , t )= C E S { X \L A B _ 0 { i , t ) ,X \ C A P { u , i , t ) ,X \L N D _ L { i , t ) ) .  Eq. 5.15

where XICAP(u,i ,t)  is the stock o f “usual” capital in industry i at time t.

The remainder o f the production function is the same as in IMAGE2.

As for IM AGE2, a GET structure is used to determine the output mix in industry /. For the 

Cattle industry, which produces both calves and finished cattle,

X \T0T { i , t )= C E T {Q \{c \ , i , t \Q \{c2 , i , t ) )  Eq. 5.16

where Q l(a,i,t) is the quantity o f commodity a produced by industry i at time t.

In this proposed framework, the capital asset has been assumed to be calves. However, it 

could also be argued that breeding stock are a capital asset in the agricultural sector.

Define a physical “unit o f  c a lf’ as the proportion o f  a calf worth €1 in the base period.
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Hence “calves” not only provide a return when they are slaughtered, but also provide the 

means for producing the next generation o f calves. In refining and applying IMAGE- 

Dynamic, this needs to be taken into consideration in the calculation o f the rate o f return 

from investment in calves.

With this specification added to the MONASH approach, IM AGE-Dynamic has the 

potential to be a useful extension o f  IMAGE2, principally to enhance results from 

simulations o f  agricultural policy changes. In particular, assertions about the accuracy of 

the model such as those made in Section 4.5.4 will be testable.
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CHAPTER 6: Conclusions

The support afforded by the Common Agricultural Policy makes the agricultural sector 

unique in Ireland. No other sector o f  the Irish economy is nearly so heavily subsidised. 

The Mid Term Review o f 2003 brings radical changes to the manner in which subsidies are 

allocated, and is expected to have significant implications for production, incomes, and 

employment, not only in agriculture but also in the food processing sector and the 

economy as a whole. Further, as the largest single source o f greenhouse gas emissions in 

Ireland, changes in the agricultural sector are expected to have significant ramifications for 

Ireland’s commitment to arresting emissions and limiting climate change.

The widespread interest in the MTR has generated numerous analyses o f its impacts, using 

many types o f  economic models. Studies have been conducted for individual M ember 

States, and for the EU as a whole, producing results for the impact on the EU and world 

agricultural markets. Many models, including the General Equilibrium, worldwide GTAP 

model, models from the Partial Equilibrium FAPRI international partnership, and various 

single country models, have been employed in the analysis o f the MTR. However, there 

was no detailed General Equilibrium analysis o f  the MTR conducted for Ireland. This, 

along with the need to update and maintain a General Equilibrium model o f the Irish 

economy, provides the motivation for this thesis.

A CGE model is a particularly useful tool for analysing an unprecedented policy change 

such as the MTR. CGE modelling provides a framework in which parameter estimates and 

data are combined with economic theory to provide insights into responses to economic 

shocks. Partial equilibrium modelling, especially with an emphasis on time series, is more 

suited to revealing and explaining historical trends. For an event such as the MTR, which 

is unique on the historical record, CGE modelling appears to provide the ideal means for 

investigation.
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The IMAGE2 model is based on the widely known ORANI model. IMAGE2 owes much 

to its predecessor, IMAGE, however, it contains many new features. These relate mainly 

to the m odel’s representation o f agricultural policy. CAP direct payments are modelled as 

subsidies linked to production, while the decoupled payment introduced in the MTR is 

modelled as a subsidy linked to land use. The quota on milk production is incorporated 

into the model specification. Greater detail is incorporated in the representation o f the 

agricultural sector, extending the number o f  agricultural commodities identified, and 

including calves, an essential link between the dairy and cattle sectors. The database for 

IMAGE2 was completely rebuilt and represents the most comprehensive and current CGE 

database for Ireland.

In compiling the model and database, some novel approaches were used. The 

representation o f the database using the Input-Output and Income Tables (Tables 2.1 and 

2.2) is a unique combination o f the Input-Output framework favoured by Australian CGE 

modellers (for example Dixon and Rimmer 2002 or Dixon et al 1982) and the Social 

•Accounting Matrix used elsewhere. The incorporation o f the CAP direct payments as a 

wedge between producer and basic prices is another novel feature, as most CGE models 

would represent direct payments as a subsidy on consumption, or a wedge between 

purchaser and basic prices.

There were three major components to the simulation o f  the MTR using IMAGE2. These 

were

• Decoupling, or the replacement o f  direct payments linked to production with the 

single farm payment;

• Dairy reform, the reduction in market support accompanied by a compensatory 

payment; and

• Allowance for the effects o f the implementation o f  the MTR in the rest o f the EU, 

by including exogenous shifts in the demand curves for exports, and the supply 

prices for imports.

One feature o f  the M TR which was not modelled was modulation, or the gradual reduction 

in subsidy payments. The study did not incorporate the effects o f other relevant policy 

changes, such as the Nitrates Directive due to come into force in 2006, or the likely 

changes in tariffs emanating from the WTO reforms. It is important to note that the results
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from the simulations are comparative static. That is, the simulations show how the 

economy would have been different from its initial position (its position in 2003), if  the 

policy measures in the MTR had been in existence at that time.

The simulation is run twice, using short run and long run closures. The main differences 

between the closures concern the allocation o f  resources. In the short run, the total capital 

stock in each sector (agriculture, manufacturing, and services) is fixed. Changes in land 

use are also constrained, by the imposition o f  sluggish land mobility, which relaxes the 

requirement that the return to land from all activities is equalised. Therefore, the main 

driver o f changes in sectoral resource allocation is movements in labour. In the long run, 

the economy wide capital stock is fixed but sectoral capital is endogenous. Time is also 

presumed sufficient for the return to land to equalise across all activities. Therefore, the 

impacts are generally larger.

The simulations show that the MTR leads to the reallocation o f  resources, across the 

economy and in the agricultural sector in particular. The three components o f  the MTR 

each have an effect on GDP. Decoupling improves allocative efficiency, throughout the 

economy and in particular within the agricultural sector. For the resources which are tied 

to the agricultural sector, land, immobile labour, and in the short run, capital, 

improvements are limited to efficiency gains within agriculture. In the long run, capital 

stock is able to adjust along with mobile labour, enabling greater efficiency gains in the 

wider economy. This exerts a positive influence on GDP. However, decoupling also 

decreases the return to labour in the agricultural sector, which discourages labour supply 

particularly amongst immobile agricultural workers. The withdrawal o f labour from the 

workforce exerts a negative effect on GDP.

The changes in trading conditions brought about by the implementation o f the M TR in the 

rest o f the EU are a positive for GDP, stimulating production via a terms o f  trade effect. 

For the same reason, the reduction in market support for dairy products is a negative for 

GDP. In the long run, the greater reduction in market support exerts more downward 

pressure on GDP. To some extent this is offset by the dairy compensation package, which 

is funded by the EU and represents an increase in the inflow o f funds from the EU budget. 

The net effect in both the short run and the long run is a small increase in GDP. The
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increases in GDP are very similar, however in the long run the greater efficiency gain is 

offset by the larger reduction in market support.

The activities which were subsidised in the Agenda 2000 version o f  the CAP, farming of 

Cattle, Sheep, and Cereals, all experience a decline in output following the removal o f the 

direct payments. The resources released from these activities stimulate production to a 

varying extent in other agricultural activities, and the wider economy. In the short run, the 

majority o f resources remain in agriculture, with mobile labour the only factor able to 

leave the sector. Employment in the agriculture sector falls by 11.8%, and output falls by 

5.6%. There is a very small increase in production in the non-agricultural sectors, and the 

net effect o f  the M TR is an increase in GDP o f 0.03%. In the long run, the sectoral capital 

stock is also given time to adjust. This leads to a larger fall in agricultural output o f 9.5%>. 

This is offset by a slightly larger increase in production in the non-agricultural sectors, and 

the net increase in GDP remains at 0.03%.

Following the MTR, agricultural output not only declines, but also undergoes a 

compositional change. The prominence o f Cattle and Sheep farming is reduced, although 

the amount pasture land remains almost unchanged. This indicates extensification o f land 

use in these activities and in dairy farming. The composition o f the arable sector also 

changes, with a large shift away from cereals, towards fruit and vegetables and root crops.

Ireland’s emissions o f  Greenhouse Gases are also significantly affected by the MTR. In 

particular, the large reduction in output o f Cattle contributes to a short run decrease in 

agricultural emissions o f 11.9%, and a decrease o f  3.7% in national emissions. With an 

even greater reduction in Cattle output in the long run, the reduction in agricultural 

emissions is 14.9%), and the national reduction is 4.5%. The reduction in agricultural 

emissions is in excess o f  the National Climate Change Strategy proposal o f 10%, 

suggesting that the agricultural sector could potentially make a more significant 

contribution to Ireland’s commitment under the Kyoto Protocol.

In the land use sectors (Agriculture and Forestry) Gross Value Added at factor cost is 3.5%> 

higher in the short run and 0.3%) higher in the long run. In the short run, the increase is 

driven by the terms o f  trade effect from the implementation o f the MTR in the rest o f the 

EU, and the dairy compensation package, which outweighs the losses from the reduction in
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market support. On its own, decoupling exerts a small impact on GVA, as the decrease in 

agricultural output is accompanied by an increase in producer prices, producing a small 

reduction in net revenue. Whether GVA rises or falls as a result o f decoupling depends on 

the elasticity o f  demand. The effect is small and outweighed by the increases emanating 

from the terms o f  trade effect and dairy reform.

In the long run, the terms o f trade effect still has a positive impact on GVA, but it is 

outweighed by the losses from the reform o f the dairy market. The compensation package 

for dairy no longer affords complete immunity from the effect o f the greater reduction in 

market support. Again, decoupling in the long run has a small effect on GVA. As such, 

there is a very small long run change in GVA as a result o f  the MTR.

Extensive sensitivity analysis was conducted on the simulation results. The results appear 

to be robust within a reasonable range o f  parameter values. The broad indications given by 

the results, that agricultural production and employment will fall, agricultural value added 

will increase, and there will be a redistribution o f agricultural resources away from Cattle, 

Sheep and Cereals, are all maintained under various assumptions about parameter values. 

Although the results are not testable, due to the comparative static nature o f the study (it is 

difficult to specify the precise time period in which capital stock has not changed but the 

labour market has adjusted), and due to the fact that the MTR took place against the 

background o f many other policy initiatives which were not considered in the study, early 

indications from the CSO (CSO 2005d) are that activity in the agricultural sector has 

changed as expected.

Comparisons with other impact analyses o f  the MTR reveal a range o f results and 

modelling approaches. Time series models have little precedent for a radical reform such 

as the MTR, and are therefore at a disadvantage compared to models which incorporate 

theories o f  economic behaviour. Some general equilibrium studies may allow too much 

flexibility in the use o f  resources such as land, thereby predicting changes in land 

allocation which imply inappropriate use o f land. The approach used in the IMAGE2 

simulations represents an attempt to realistically capture the salient features o f the M TR in 

a modelling framework o f rational economic behaviour and recent data for the Irish 

economy.
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Alternative methods o f  modelling the MTR used in other studies offer critiques o f the 

approach used in this thesis. For example, the FAPRI-Ireland modellers assume that the 

decoupled payment still has some effect on inducing production, and as such retain 30% of 

the payment coupled to production. In support o f  this assumption, they argue that 

economic agents are not always rational, and that the wealth or insurance effect o f the 

payment may influence the decision to farm. This approach was not used in 1MAGE2. 

The wealth or insurance effect o f the payment may also be argued to support the decision 

to leave farming and enter a risky job  market. It is difficult to quantify irrational behaviour 

in a model such as IMAGE2, and as such the results must simply be interpreted with the 

caveat that agents are assumed to be rational. In identifying a sub-population of 

“immobile” agricultural labourers, some o f the inertia present in the agricultural sector, 

which may be interpreted as irrational behaviour, is captured.

The analysis contained in this thesis does have limitations. Two proposals for future work 

to address these limitations are put forward in Chapter 5. The first o f these, a regional 

dimension to the model, is aimed at extending the scope and relevance o f the results. A 

simple prototype o f  a tops down CGE model is presented, demonstrating that with actual 

data and a more sophisticated algorithm for distributing the regional effects, an interesting 

picture could emerge. Such an approach has been used in Australia and the USA, and the 

results are very popular with parties concerned about the regional effects o f policy 

changes.

The second proposal addresses the limitations o f comparative static analysis. A dynamic 

CGE model incorporates the strengths o f  time series analysis into the rigorous theoretical 

framework o f a comparative static model. Using a dynamic model, a baseline forecast is 

established based on known policy announcements, and established historical trends. 

Results o f  policy shocks are then expressed as deviations from the baseline. Along with 

enhancing simulation results by including features such as adjustment costs, this addresses 

two o f the weaknesses in the comparative static model which were mentioned earlier. 

First, known or at least anticipated changes in future policy, such as the Nitrates Directive 

or the outcomes o f the WTO negotiations, can be incorporated in the baseline. Then the 

policy deviations give results that are truly comparable to what otherwise would have been. 

Second, results that are tied to actual periods o f  time are easier to verify, enabling the 

establishment o f feedback and further refinement o f  the model.

235



1

References

Adams, P.D. (2000), “Dynamic AAGE: A dynamic applied general equilibrium model of 

the Danish economy based on the AAGE and MONASH models”, Progress 

Report No. 1, Centre of Policy Studies, Monash University.

Adams, P.D. and P.B. Dixon (1995), “Prospects for Australian Industries, States and

Regions: 1993-94 to 2001-02”, Australian Bulletin o f  Labour, Vol. 21(2), pp. 

87-108.

Anderson, K. (2003), “How Can Agricultural Trade Reform Reduce Poverty?”, Discussion 

Paper No. 0321, Centre for International Economic Studies, University of 

Adelaide.

Bach, C.F. and K.R. Pearson (1996), “Implementing Quotas in GTAP using GEMPACK or 

How to Linearise an Inequality”, GTAP Technical Paper No. 4.

Behan (2003), Personal correspondence.

Binfield, J., J. Breen, T. Donnellan, K. Hanrahan, T. Hennessy, P. Kelly and P. Westhoff 

(2003), “The Luxembourg CAP Reform Agreement: Analysis o f the Impact on 

EU and Irish Agriculture”, Teagasc Rural Economy Research Centre, October, 

available at www.teagasc.ie (accessed December 2005).

Central Statistics Office (2002), Household Budget Survey 1999-2000, Central Statistics 

Office, Ireland.

Central Statistics Office (2004a), 1998 Supply and Use and Input-Output Tables, Central 

Statistics Office, Ireland.

236



Central Statistics Office (2004b), Census o f  Industrial Production 2002, Central Statistics 

Office, Ireland.

Central Statistics Office (2004c), Crops and Livestock Survey June 2003, Central Statistics 

Office, Ireland.

Central Statistics Office (2004d), Environmental Accounts fo r  Ireland 1995-2002, Central 

Statistics Office, Ireland.

Central Statistics Office (2004e), Livestock Survey December 2004, Central Statistics 

Office, Ireland.

Central Statistics Office (2004f), National Income and Expenditure 2003, Central Statistics 

Office, Ireland.

Central Statistics Office (2004g), Output, Input and Income in Agriculture 2003, Central 

Statistics Office, Ireland.

Central Statistics Office (2004h), Statistical Yearbook o f  Ireland 2004, Central Statistics 

Office, Ireland.

Central Statistics Office (2005a), Annual Services Inquiry 2003, Central Statistics Office, 

Ireland.

Central Statistics Office (2005b), County Incomes and Regional GDP 2002, Central 

Statistics Office, Ireland.

Central Statistics Office (2005c), External Trade December 2004, Central Statistics Office, 

Ireland.

Central Statistics Office (2005d), Output, Input and Income in Agriculture 2005 -  Advance 

Estimate, Central Statistics Office, Ireland.

Central Statistics Office (2005e), Regional Accounts fo r  Agriculture 2002-2004, Central 

Statistics Office, Ireland.

237



Commission of the European Communities (1999), “The CAP Reform: Milk and Milk 

Products”, Factsheet available at

http://europa.eu.int/comm/agriculture/publi/fact/milk/milk en.pdf (Accessed 

March 2004)

Commission of the European Communities (2002a), Council Decision o f  April 2002

(2002/358/CE), Official Journal o f  the European Communities. Available at 

http://europa.eu.int/eur-

lex/pri/en/oi/dat/2002/1 130/1 13020020515en00010020.pdf (accessed March 

2004).

Commission of the European Communities (2002b), Mid Term Review o f  the Common

Agricultural Policy, Communication from the Commission to the Council and 

the European Parliament, COM(2002) 394, Brussels.

Commission o f the European Communities (2003a), Mid Term Review o f  the Common 

Agricultural Policy: July 2002 Proposals: Impact Analyses, Brussels, EU 

Commission Directorate-General for Agriculture.

Commission o f the European Communities (2003b), Reform o f  the Common Agricultural 

Policy: A Long-Term Perspective fo r  Sustainable Agriculture: Impact Analysis, 

Brussels, EU Commission Directorate-General for Agriculture.

Commission of the European Communities (2004), General Budget o f  the European Union 

fo r  the Financial Year 2004, Office for Official Publications of the European 

Communities. Available at

http://europa.eu.int/comm/budget/pdf/budget/syntchif2004/en.pdf (accessed 

March 2004).

Chantrcuil, F., F. Levert and K. Hanrahan (2004), “The Luxembourg Agreement Reform 

o f the CAP: An analysis using the AG-MEMOD composite model”, available 

from the author at chantreu(^roazhon.inra.fr.

238



Conforti, P., De Filippis, F. and Salvatici, L. (2003), “The CAP reform in the Mid Term 

Review: to decouple or not to decouple” , paper presented at the International 

Conference on “Agricultural policy reform and the WTO: where are we 

heading?” , Capri, Italy, June 23-26.

Connolly, L., A. Kinsella and G. Quinlan (2004), National Farm Survey 2003, Teagasc, 

Ireland.

Council o f the European Union (2003), Council Regulation (EC) No 1782/2003, Official 

Journal o f  the European Union. Available at http://europa.eu.int/eur- 

lex/pri/en/oi/dat/2003/1 270/1 27020031021en00010069.pdf (accessed January 

2006).

Department o f  Agriculture and Food (2004), Annual Review and Outlook fo r  Agriculture 

and Food 2003/2004, Department o f Agriculture and Food, Ireland.

Department o f  Agriculture and Food (2005a), Annual Review and Outlook fo r  Agriculture 

and Food 2004/2005, Department o f Agriculture and Food, Ireland.

Department o f  Agriculture and Food (2005b), Statistical Compendium, available at 

yyw'w.agriculture.ie (accessed December 2005).

Department o f  the Environment and Local Government (2000), National Climate Change 

Strategy, Department o f the Environment and Local Government, Ireland.

Dimaranan, B. and R. McDougall (eds) (2005), “Global Trade, Assistance, and Production: 

The GTAP 6 Data Base”, Center for Global Trade Analysis, Purdue University.

Dixon, P.B., B.R. Parmenter and J. Sutton (1978), “Spatial Disaggregation o f  ORANI

Results: A Preliminary Analysis o f the Impact o f  Protection at the State Level”, 

Economic Analysis and Policy, Vol. 8(1), March, pp.35-86.

Dixon, P.B., B.R. Parmenter, J. Sutton, and D.P. Vincent (1982), ORANI: A M ultisectoral 

M odel o f  the Australian Economy, North Holland, Amsterdam.

239



Dixon, P.B. and B.R. Parmenter (1996), “Computable General Equilibrium Modelling For 

Policy Analysis And Forecasting” in Handbook o f  Computational Economics 

Vol. 1 (eds. Amman, H.M., D.A. Kendrick and J. Rust) Elsevier Science.

Dixon, P.B. and M.T. Rimmer (1999), “Changes in Indirect Taxes in Australia: A

Dynamic General Equilibrium Analysis”, Australian Economic Review, Vol. 

32(4), December, pp. 327 -  348.

Dixon, P.B. and M.T. Rimmer (2002), Dynamic General Equilibrium Modelling for

Forecasting and Policy: A Practical Guide and Documentation o f  MONASH, 

North-Holland, Amsterdam.

Dixon, P.B. and M.T. Rimmer (2004), “The US economy from 1992 to 1998: results from 

a detailed CGE model”. Economic Record, Vol. 80(Special Issue), September, 

PP.S13-S23.

Dixon, P.B., M.T. Rimmer and M.E. Tsigas (2006), “Regionalizing results from a detailed 

CGE model: macro, industry and state effects in the U.S. of removing tariffs 

and quotas”. Papers in Regional Science, forthcoming.

Erjavec, E., and T. Donnellan (2004), “AGMEMOD Policy Analysis for EU New Member 

States”, Paper presented to the Agricultural Economics Society of Ireland, 

September.

European Environment Agency (2003), “Annual European Community greenhouse gas 

inventory 1990-2001 and inventory report 2003”, Technical report No 95. 

Available at

http://reports.eea.eu.int/technical report 2003 95/en/tab content RLR 

(accessed March 2004).

Frandsen, S.E., B. Gersfelt and H. Jensen (2003), “The Impacts of Redesigning European 

Agricultural Support”, Review o f  Urban and Regional Development Studies, 

Vol. 15(2), July, pp. 106-131.

240



Frandsen, S.E., J.V. Hansen and P. Trier (1994), “A General Equilibrium Model for

Denmark with Two Applications”, Economic and Financial Modelling, 1, pp. 

105-138.

Frisch, R. (1959), “A Complete Scheme for Computing All Direct and Cross Elasticities in 

a Model with Many Sectors”, Econometrica, Vol. 27, April, pp. 177-196.

Garvey, E. and N. Mclnemey (2004), “Quantifying the Effects of Decoupling on

Agriculture in Ireland’s NUTS 3 Regions”, Working Paper no. 86, Department 

of Economics, National University o f Ireland, Galway.

Geary, R. C. (1950-51), “A Note on ‘A Constant Utility Index of the Cost of Living” ’, 

Review o f  Economic Studies, 18, 65-66.

Harrison, W.J. and K.R. Pearson (1996), “Computing Solutions for Large General

Equilibrium Models using GEMPACK”, Computational Economics, Vol. 9, pp. 

83-127.

Hertel, T.W., editor (1997), Global Trade Analysis: Modeling and Applications, 

Cambridge University Press, Cambridge, U.K.

Horridge, J.M., W.J. Harrison and K.R.Pearson (2003), “Using AnalyseGE to examine an 

ORANI-G tariff cut simulation”, available at www.monash.edu.au/policy.

Horridge, J.M. (2003), “ORANI-G: A Generic Single Country Computable General

Equilibrium Model”, Edition prepared for the Practical GE Modelling Course, 

Monash University, June 23-27, 2003.

Horridge, J.M. (2004), “Using levels GEMPACK to update or balance a complex CGE 

database”, available at www.monash.edu.au/policy.

lanchovichina, E., and R. McDougall (2000), “Theoretical Structure of Dynamic GTAP”, 

GTAP Technical Paper No. 17.

241



INRA -  University o f Wageningen Consortium (2002), “Study on the impact of future 

options for the Milk Quota system and the common market organisation for 

milk and milk products” .

Irish Dairy Board (2006), “Conversion Tables”, available at

http://wvyw.idb.ie/facts/factsl3.htm. accessed January 2006.

Irish Farmers Journal (2005), The Business o f  Farming, December 3, p. 46.

Johansen, L. (1960), A Multisectoral Study o f  Economic Growth, North-Holland, 

Amsterdam.

Kalb, G. (1997), An Australian model fo r  labour supply and welfare participation in two- 

adult households. Ph. D. thesis, Monash University, October.

Klein, L.R. and H. Rubin (1948-49), “A Constant Utility Index of the Cost of Living”, 

Review o f  Economic Studies, 15, 84-87.

Leontief, W.W. (1936), “Quantitative input-output relations in the economic system of the 

United States”, The Review o f  Economics and Statistics, 18(3): 105-125.

Leontief, W., A. Morgan, K. Polenske, D. Simpson and E. Tower (1965), “The Economic 

Impact -  Industrial and Regional -  o f an Arms Cut”, Review o f  Economics and 

Statistics, XLVII, August, pp. 217-241.

Lips, M. (2004), “The CAP Mid Term Review and the WTO Doha Round, Analyses for 

the Netherlands, EU and accession countries”, Report 6.04.03, Agricultural 

Economics Research Institute (LEI), The Hague.

Lips, M. and P. Rieder, “Endogenous adjusted Output Quotas -  The Abolishment o f the

Raw Milk Quota in the European Union”, Paper prepared for the 5*’’ Conference 

on Global Economic Analysis.

McDougall, R. A. (1999), “Entropy Theory and RAS are Friends”, GTAP Working Paper 

No. 6.

242



Magnani, R., F. Perali and P. Polinari (2003), “A General Equilibrium Analysis of the Mid 

Term Review of the CAP on Italian Agriculture”, Paper presented to the 

Workshop on Agricultural Policy Refonn and Adjustment, Imperial College, 

Wye, October 23-25.

Matthews, A. H. (2000), “Notes on the disaggregation of the Agriculture, Food, and

Forestry Sector”, Department o f Economics, Trinity College Dublin, mimeo.

Moss, J., S. McErlean, M. Patton, P. Kostov, P. Westhoff and J. Binfield (2002), “Analysis 

of the Impact o f Decoupling on Agriculture in Northern Ireland”, Queens 

University Belfast.

O ’Toole, R. (2001), The Construction, Calibration and Interpretation o f  IMAGE, A CGE 

Model o f  the Irish Economy With Particular Focus o f  Agriculture, Ph.D.

Thesis, Trinity College Dublin.

O ’Toole, R., and A. Matthews (2002a), “The IMAGE CGE Model: Constructing the Base 

1993 database”. Trinity Economic Papers 2002/7.

O ’Toole, R., and A. Matthews (2002b), “The IMAGE CGE Model: Understanding the 

Model Structure, Code and Solution Methods”, Trinity Economic Papers 

2002/9.

O'Toole, R., A. Matthews and M. Mulvey (2002), “Impact of the 2001 Foot and Mouth 

Outbreak on the Irish Economy”, Trinity Economic Papers 2002/8.

Parmenter, B.R. (2004), “Distinguished Fellow of the Economic Society of Australia,

2003: Peter Dixon”, The Economic Record, Vol. 80, No. 249, Blackwell, June.

Stone, R. (1954), “Linear Expenditure Systems and Demand Analysis: An Application to 

the Pattern of British Demand”, The Economic Journal, LXIV, 511-527.

United Nations (1997), Kyoto Protocol to the United Nations Framework Convention on

Climate Change. Available at http://unfccc.int/resource/docs/convkp/kpeng.pdf 

(accessed March 2004).

243



1

United Nations Statistics Division (1993), 1993 System o f  National Accounts, available at 

http://unstats.un.org/unsd/snal993/toctop.asp (accessed January 2006).

244


