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1. Introduction

Unemployment is an important and interesting phenomenon in capitalist economies. 
That is probably an important reason why Joan spent so much of his research time on 
studying it. One of his inspiring contributions that we remember from the time that we 
were doing our doctoral research under his supervision was an extensive classification 
of the various types of unemployment (Muysken, 1989). This is one of the many things 
that we learned from Joan. (Another one was that we should restrict ourselves enough 
in our doctoral research, which, however, we only did to a certain extent.) In this paper 
we analyse the implications of two different types of unemployment in the context of a 
general equilibrium model.

Unemployment is normally not handled in global CGE (Computable General 
Equilibrium) models because these models are mainly focused on the long term and 
because unemployment is primarily a disequilibrium phenomenon. Nevertheless, some 
global CGE models tackle unemployment, and in most cases (if not all) unemployment 
is simply created by fixing the wage exogenously (McDonald et al, 2007; Lejour et al, 
2006). This is very unsatisfactory because the effects of policies on unemployment play 
an important role in economic policy. Therefore, it is important that a CGE model can 
show effects on unemployment beyond those of lowering a fixed wage. For example, 
such a model may show that the influence of the introduction of a bio-based economy 
on unemployment will be very small in the long run.

In this paper we develop a module for a general equilibrium model developed at LEI1, 
called MAGNET, that is based on the so-called GTAP (Global Trade Analysis Project) 
model. We add two types of structural unemployment to the model. The first type of 
unemployment is classical unemployment in the Keynesian sense, i.e. unemployment 
because on a macroeconomic level wages differ from the equilibrium level. The second 
type of unemployment is structural in the sense that it is the consequence of different 
developments of different sectors, where wage negotiations only gradually adjust 
to changing circumstances. For this last type of unemployment an explicit mobility 
equation for labour between different sectors has to be created.

In order to investigate some of the features of the new modules, we experiment with 
a simple “baseline” simulation between 2007 and 2030, with no change except for a 

1 A research institute of Wageningen UR.
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worldwide change in total factor productivity. By varying these factor productivity 
changes over time, we can investigate the behaviour of the standard model without 
unemployment, the model with only classical unemployment, and the model with the 
above two types of structural unemployment. We incorporate the more sophisticated 
labour market into the model only for the Netherlands, to simplify the analysis of 
differences in developments.

In the rest of this paper, we first shortly discuss in Section 2 the literature on 
unemployment and labour mobility in CGE models. Then, Section 3 briefly explains the 
general characteristics of MAGNET and specifically the GTAP model that is included in 
this. In Section 4 we discuss the implementation of the two variants of the labour market 
with unemployment, while Section 5 analyses the simulation experiments. Finally, in 
Section 6 the general lessons from this exercise are drawn, and challenges for further 
extension of this exercise towards more empirically valid implementation are discussed.

2. Unemployment and labour mobility in global 
 CGE models

In most CGE models unemployment is not considered at all. As far as it is considered, 
unemployment is generated by fixing nominal wages, or bringing unemployment 
exogenously into the model. For example, in the WorldScan model of the Dutch CPB 
the following assumptions about the labour market are made:

“Consumers supply labour and firms demand it. Two types of labour are distinguished: 
high-skilled and low-skilled. We assume that labour markets are cleared at the national 
level and that the prices of both types of labour (the wage rates) are flexible. For each 
labour type, supply and demand will become equal at the market-clearing wage. 
Unemployment is projected exogenously. Part of labour supply is then unemployed and 
labour supply minus the unemployed will equal labour demand in equilibrium.” (Lejour 
et al, 2006, p. 13)

In contrast to this, the LINKAGE model from FAO (Mensbrugghe, 2005) allows for 
migration from rural to urban areas and has the possibility of a minimum wage that 
generates unemployment. The minimum wage depends on unemployment, inflation 
and other factors. Recently, Shutes (2012) implemented a labour supply curve into a 
CGE model that may be partly interpreted as modelling voluntary unemployment as a 
consequence of reservation wages. Also the MIRAGE model (MIRAGE-WIKI, 2013) 
has a possibility for some unemployment in the context of a dual labour market in 
developing countries.

In most CGE models it is assumed that there is perfect mobility of labour between 
different sectors. For example, in the standard GTAP model a differentiation is made 
between skilled and unskilled labour, but for both skilled and unskilled labour the 
percentage wage changes in all sectors are the same. In a somewhat more advanced 

variety of the model with a focus on agriculture, GTAP-AGG (Keeney and Hertel, 
2005), imperfect labour mobility between agricultural and non-agricultural sectors 
has been introduced. Substitution of labour and capital between agricultural and non-
agricultural sectors follows a CET (constant-elasticity-of-transformation) function, 
implying that the relative wage in agriculture declines when the share of agricultural 
labour in total labour in all sectors declines. For the short and medium term this may 
be plausible, but in the long term the people that leave the agricultural sector will not 
influence wages anymore. For this reason Woltjer (2010) introduced a dynamic function 
that has a very low elasticity of transformation in the short term and is infinitely elastic 
in the long term.

The modelling of labour mobility is more advanced in national CGE models. For 
example, McDonald and Thierfelder (2009) model a highly differentiated labour market, 
where labour mobility is determined by a type of “migration” function, i.e. the flow 
of labour from one sector to another depends on relative wages. Because, in contrast 
with models like GTAP that use efficiency units of labour that flow from one sector to 
another, they use human beings that flow from one sector to another, they must assume 
something on the relative productivity of the people that come into a sector relative to 
the average productivity of people in the sector. They assume that the productivity level 
in the new sector remains the same as in the old sector, and compensate wage in the new 
sector for this (Flaig, Grethe, and McDonald, 2013).

In summary, modelling of unemployment is underdeveloped in global CGE models, 
as is the modelling of imperfect labour mobility between sectors. In this paper we will 
make a first step to improve on this. The next section discusses the model in which we 
will implement this new labour market structure.

3. MAGNET and GTAP

MAGNET, Modular Applied General Equilibrium Tool (Woltjer et al, 2013), is a 
general equilibrium model based on GTAP (Hertel et al, 1999) and following a modular 
approach in adding systematically independent modules to the GTAP model and thus 
creating a much more advanced model. In this paper we use the simplest form, i.e. 
standard GTAP, and enrich it with the newly developed labour market module.

The world economy is interlinked. If something happens in one country, this may 
influence the rest of the world. Thus, the state of the economy in a country like the 
Netherlands depends on what happens in other countries. Computable General 
Equilibrium (CGE) models are meant to highlight these interrelationships. The GTAP 
model is one of the best-known models of this type, especially because it is linked to 
a consistent international database for CGE models that is the foundation of most 
global CGE models. The Global Trade Analysis Project (GTAP) is a global network of 
researchers and policy makers conducting quantitative analysis of international policy 
issues, and has the GTAP database as one of its main outputs.
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At LEI MAGNET has been developed that uses the GTAP model and database as a 
starting point. The basic idea of the system is its modular character. Each user can build 
his own database and model based on the GTAP model and database by including 
modules with program code and databases. In this manner the GTAP database can be 
enriched with extra sectors, regions, production factors, specific country information, 
information from international databases like FAO and World Bank, and with 
adjustments designed by specialists. Each adjustment and addition is a separate module, 
and these modules can be called by a software interface called Dynamic Steering System 
(DSS) that has been developed specifically for this purpose at LEI. The choices made by 
a user for a project are stored in a so-called answer file that enables the user to document 
and replicate her choices and also provides the possibility to do the same adjustments 
for a new release of the GTAP database. The basic philosophy of the system is that all 
procedures are coded in the programming language, and that all procedures start with 
the data as supplied by the data supplier, making sure that everything can be traced and 
replicated.

The same principle for the database is also used for the aggregation of the database and 
the generation of data for scenarios. Everything is modular and stored by the user, and 
should be as independent as possible of the level of aggregation chosen by the user. 
Finally, the model code itself is organized in a modular fashion, where each module can 
be included by the user through the DSS interface and is stored in a separate file. In this 
manner, a library of modules can be developed, where a user can decide which module 
is most suitable for the purpose of the analysis, and where a user can also develop some 
additional modules for the specific purpose of a project. A specific software interface, 
called GTREE, has been developed that shows the model code in a structured manner, 
where you can see the separate modules, and where the different steps in the model code 
are structured according to a hierarchical tree structure. The program GTREE generates 
the code for the programming language automatically.

One of the challenges in analysing results is that, in many cases, one likes to present 
results at a higher aggregation level than at which the model is running, and that one 
can compare different scenarios in an easy manner. For this purpose a presentation 
tool has been developed, called GEMSE_Analist, that aggregates model outcomes in a 
systematic manner, and has a lot of features to show results in different formats, like as 
a percentage of a reference scenario, in percentage or absolute changes, in levels, etc.

In summary, the MAGNET modelling system provides a systematic way to process data, 
organize model code and analyse results, where the GTAP database and GTAP model 
are the starting point. In the remainder of this section we will shortly discuss the GTAP 
database and model.

3.1 The GTAP database

The most recent GTAP database describes the global economy in millions of dollars 
of 2007. The GTAP database is released at three year intervals, the most recent ones 
being those for 1998, 2001, 2004 and 2007, where more recent releases have more 

differentiation in regions and where sometimes also the number of sectors changes. 
The global economy in the GTAP version 8 database for 2007 has been divided in 129 
regions, 5 production factors and 57 sectors (of which 12 primary agricultural sectors), 
forestry, and 8 food-processing sectors. Each sector in the GTAP database produces 
one commodity by using production factors and intermediate inputs. Total value added 
generated in a sector is allocated to the production factors land, skilled and unskilled 
labour, capital and natural resources,2 and a small part is transferred directly as indirect 
taxes to government. A so-called input-output table describes which sectors use which 
commodities and production factors as inputs.

National income in GTAP, i.e. the sum of all value added generated in the different sectors, 
is earned by one regional household. This regional household distributes this income 
over private consumption, government expenditures and savings, where the sum of all 
savings in the world equals investment in the world. Consumption and government 
expenditures are distributed over expenditures on different commodities, where a 
differentiation is made between imported and domestically produced commodities.

The international interdependence in the GTAP database is through bilateral trade. The 
GTAP database describes bilateral trade flows of all commodities. A lot of effort is made 
to make the international trade database consistent. It is not obvious that the Dutch 
statistical office reports the same export flows to India as the Indian statistical office 
reports as imports from the Netherlands. Creating a reliable and consistent database for 
world trade flows is therefore not an easy task.

In order to transport commodities from one region to another, transport and other 
handling costs are involved. These transport costs for shipping commodities between 
India and the Netherlands equal the difference between the import value for India 
and the export value for the Netherlands (corrected for inconsistencies in prices). The 
production of these transport commodities is allocated to the countries that supply the 
transport services.

The GTAP database gives a lot of attention to taxes and subsidies. For this purpose it 
differentiates between values at market prices and values at agent or world prices. For 
example, an import tariff on wheat in India is the difference between the import value of 
wheat at market prices and the import value at world prices. In this manner import and 
export tariffs, taxes on the use of production factors or intermediate inputs (differentiated 
between imported and domestically produced commodities), export subsidies, taxes on 
consumption, taxes on output, and taxes on income are distinguished. Subsidies in this 
system are just negative taxes. This detailed accounting system in the GTAP database 
allows for a very sophisticated analysis of the effect of changes in subsidies and taxes.

The GTAP consortium has a lot of other data available that is made consistent with 
the GTAP database; this is issued at irregular intervals. For example, energy volumes 
are delivered as well as CO2 emissions, split into the same demand categories as in 
the GTAP database. A GTAP land use database is available that registers land cover, 
land use per crop sector, and the volume of production for these sectors. A forestry 

2  Land and natural resources are interpreted as kinds of physical capital.
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database shows the areas of forest and its related carbon stock per agro-ecological 
zone, management intensity and age. There is also a database on non-CO2 greenhouse 
gas emissions available. In summary, the GTAP consortium delivers a lot of relevant 
information for global analyses.

In MAGNET the GTAP database is used as a starting point. Additional information 
comes from, for example, FAO, the World Bank, and International Energy Agency, 
while the additional databases delivered by GTAP are processed automatically into an 
integrated MAGNET database. Additional information like cost structures of specific 
sectors can also be easily processed into the MAGNET database.

In summary, the GTAP database offers a consistent description of the global world 
economy with a lot of attention to taxes and subsidies. The GTAP consortium also offers a 
lot of related databases that can be automatically processed into the MAGNET database. 
Also information from other databases and sources is used and can be processed into 
the MAGNET database.

3.2 The GTAP model

In MAGNET the GTAP code forms the starting point of the other modules and is kept 
in its original state as much as possible. In order to make the code easier to read, the 
code has been reorganized. For example, all parts of the code on firms have been put 
into one chapter on firms, and the same holds for trade, households, etc. This section 
discusses the most important elements of the standard GTAP model.

Regional household

The regional household collects all income and distributes income over private 
consumption, savings and government expenditures. It uses a very simple, Cobb 
Douglass type of utility function for this. Savings are supplied to the banking sector 
and will be discussed later. Government consumption is distributed over different 
sectors with a simple Cobb Douglass type of utility function. Only private consumption 
is distributed over different sectors using a more sophisticated function, the Constant 
Difference of Elasticity (CDE) utility function. This function has the property that 
it allows for different income elasticities, in contrast with CES or Cobb Douglass 
utility functions, where it is always assumed that a one per cent increase in income 
generates a one per cent increase in demand for all commodities if all relative prices 
remain the same. This property of non-homotheticity is important, especially if there 
are experiments that increase income. The CDE utility function has two parameters, 
one that is usually calibrated to determine the own price elasticities of consumption, 
and one that is calibrated to determine the income elasticities of consumption. The 
disadvantage of this utility function is that the cross price elasticities of consumption 
cannot be calibrated independently of the own price and income elasticities, and are 
usually around zero. Another disadvantage is that the income elasticities do not change 
when income increases.

Imports and exports

Imports in GTAP are determined by a two-level Armington production or utility 
function applied for each expenditure category, i.e. intermediate inputs for firms, private 
consumption, investment and government consumption. An Armington function is 
like a CES function, but applied to imports and domestic commodities instead of inputs 
of production and consumption. For each agent that demands a commodity, first the 
decision is taken either to import the commodity or to buy it from a domestic producer. 
When a decision to import is taken, subsequently a choice is made from which region to 
import the commodities. All the potentially supplying regions are in one function with 
the same elasticity of substitution.

The line of argument behind the Armington import function is that imported 
commodities are heterogeneous at the aggregation level used by GTAP. For example, 
you cannot perfectly substitute fruits imported from southern countries that produce 
oranges for fruits imported from northern countries that produce apples. For this 
reason, the users have a preference for a mix of the commodities, and therefore the 
utility of an extra unit of imports from one country decreases when more is imported 
from that country. This principle is included in the Armington function.

The Armington function has the advantage that it allows for bilateral trade. Exports of 
countries are completely determined by the import decisions of the importing countries, 
given the price of the commodities in the different regions of the world.

Trade requires transport. This implies that the price an exporting country gets is lower 
than what the importing country has to pay. The difference is paid to the transport 
sectors in GTAP. The payments for international transports are distributed over 
supplying countries where regions with rising relative transport supply prices get a 
smaller transport share according to an Armington demand function for international 
transport services. When relative prices of supply of international transport services 
remain the same, the supply of transport services increases with the same percentage 
in all regions.

Firms and factor markets

Sectors are called firms in GTAP. Firms in GTAP sell one commodity with the same 
name as the sector. Because of the substitution possibilities in the consumption function, 
domestic commodity demand displays a negative relationship between quantity and 
price demanded. Exports are determined by the import decision of importing firms, and 
the Armington function guarantees again that the export demand depends negatively 
on price. Given this negative demand curve, the firm has a constant returns to scale 
production function.
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Figure 1: GTAP production structure 
(Unsklab = unskilled labour, Sklab = skilled labour, Natres = natural resources)
 
The production function is a Constant Elasticity of Substitution function with two nests: 
one with value added as a whole and intermediate inputs, that usually has a substitution 
elasticity of zero, and a value- added nest (Figure 1). This implies that demand for 
intermediate inputs usually grows with the same rate as production, as does value added 
as a whole. When relative prices of production factors change, more or less production 
factors may be used. In this manner demand for production factors adjusts to relative 
availability of these production factors.

Usually total supply of production factors is fixed, or in case of scenarios, changes 
exogenously. This implies that the availability of production factors is determined 
outside the model. For the modelling of the production factors there are basically 
two mechanisms. For the first type of production factors, called mobile endowments  
(endowments is just production factors), price is adjusted till total demand for production 
factors (through adjustments made possible by the CES production function) equals 
supply. Labour and capital are considered to be mobile production factors and therefore 
the changes in wages and the prices of capital change with the same percentage for all 
sectors in one region.

The second type of production factors is called sluggish endowments, and in this case 
the percentage change of the price depends on the sector which is demanding this 
endowment. The supply of sluggish endowments is distributed according to a Constant 
Elasticity of Transformation (CET) function that functions more or less in the same 
manner as a CES function, but then for the supply side. The argumentation behind the 
use of this CET function is that the endowment is not homogeneous, and therefore not 
suitable to the same extent for all sectors. For example, very wet land may be very useful 
for rice production, but not for wheat production. It is assumed that each sector uses the 
land that is best suitable, and therefore, when it likes to expand land use, it has to accept 
land of lower quality for its own purposes, implying that the implicit cost of using this 
land increases.

Investment

On a global level savings determine investments in a general equilibrium model. In 
standard GTAP there are two possible closures that distribute global savings over 
regions. The first is that the growth of net investment is equal in all regions, implying that 
rates of return may differ a lot between different regions. The other is that the expected 
rate of return is equalized in all regions. This condition is a little bit complicated in the 
sense that the expected rate of return is determined by the current rate of return and the 
difference between the growth of capital stock as determined by the exogenous shocks 
to the model, and the growth of capital stock that would emerge if the capital stock 
would grow according to the net investments made in the region. This last mechanism 
generates a faster increase in investment when the assumed growth of capital stock 
is higher, and therefore tries to enforce a little bit of consistency between short term 
investment and long term growth of capital stock.

Taxes and subsidies

As discussed when introducing the database, almost everywhere in the model taxes 
can be implemented. In GTAP all these taxes are considered to be ad valorem taxes, 
implying that the tax revenues grow proportionally with the value of the tax base. For 
example, if the price of crude oil increases, the taxes increase with the same percentage 
as the petrol price. This may be correct for a country like the USA, but for Europe taxes 
on petrol are mainly specific duties.

Conclusion

The GTAP model is a simple and, for a large number of issues, straightforward general 
equilibrium model of the world. In combination with its database it is a powerful tool to 
investigate interdependencies in the world economy. However, it is also obvious that the 
model focuses on general principles and is over-simplified for most real world analysis. 
For this reason, the model can only be seen as a starting point. In the MAGNET system 
the GTAP model is presented in a lucid manner, and there is an easy way to extend the 
model to make it more suitable for real world analyses.

4.  Implementation of a structural unemployment 
module in MAGNET

The simplest adjustment of the labour market allowing for neoclassical unemployment, 
i.e. unemployment as a consequence of wages higher than the equilibrium level, is the 
introduction of a lagged wage adjustment function on a macro-level, where mobility of 
labour between sectors remains perfect, i.e. in all sectors the same wage holds. This is 
the first module we build.
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The second module is a module where the labour market is segmented by sector, 
implying that mobility of labour between sectors is imperfect. For each sector there is 
a reservoir of unemployed people that may also be employed in other sectors. A wage 
adjustment function determines the sector-specific wages, while a labour migration 
function determines the flow of labour from one sector to another.

4.1 The macroeconomic wage adjustment module

We define employment of labour type i (skilled, unskilled) in sector j in region r as 
Ej(i,r), and define labour demand for labour type i in region r as the sum of employment 
per sector:

 (1)

We assume that frictional or natural employment is a fraction γ of total employment. 
This implies that in equilibrium total labour supply LS(i,r) equals

 (2)

In order to generate a memory of past increases in wages, a wage history variable has 
been created that is given by

 (3)

where wh is the wage history, w is the current wage, and  is the length of the period of 
the update (e.g. a month).

The current wage increase is determined by the wage history and the tension between 
equilibrium labour supply (1 + 𝛾)𝐸(𝑖,𝑟) and current labour supply. So, the current 
wage increase depends on the wage increases in the past, and the current tension on the 
labour market:

 (4)

This is basically the whole system. Employment Ej(i,r) in all sectors is determined 
automatically by setting labour in the CES function in such a manner that the marginal 
revenue of labour equals the wage rate.

In summary, in the simple neoclassical unemployment formulation of the labour market, 
wages tend to rise with the same rate as in the past, but also adjust gradually towards 
their long term equilibrium rate by reacting to the difference between equilibrium 
labour supply and current labour supply, as shown in Figure 2.

Figure 2: Wage adjustment with surplus or shortage of labour supply

4.2 The sector wage adjustment  and migration module

Introducing imperfect mobility between sectors complicates the model a lot. A separate 
module has been introduced to tackle the idea. The module is based on the same idea 
of sector wage adjustment as in the module for imperfect labour mobility between 
agriculture and non-agricultural sectors (Woltjer, 2010), while the migration function is 
modelled in the same way as the land transition in the land transition approach to land 
allocation (Woltjer, 2013), and is roughly consistent with the approach of McDonald and 
Thierfelder (2009). A specific feature is added that allows for gradual wage adjustment 
in the same manner as in the macroeconomic wage adjustment module described above 
and that implies sector- specific unemployment.

First a sector-specific wage, wj(i,r), must be defined, where the wage history can be 
calculated in the same manner as for the national module:

 (5)

Also the wage adjustment equation can be specified analogously to the equation in the 
national module:

 (6)
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The new part for the sector-specific module is the equation that determines labour 
supply per sector. For this we define a migration variable, M(j,k;i,r), i.e. migration from 
sector j to sector k of labour type i in region r, and a sector-specific unemployment rate 
Uj(i,r) that is defined as:

 (7)

where labour supply is determined by the national growth of labour supply  and the net 
migration inflow:

 (8)

The percentage change in migration of labour from region j to region k is determined 
by the percentage change in the relative unemployment rate and the percentage change 
in the relative wage in the two sectors:

 (9)

where Sj(i,r) is a shifter that is set in such a manner that all labour of sector j goes to 
some sector. 

This completes the modelling of dynamic sector-specific labour supply. The model 
implies that when labour demand in one sector grows faster than in other sectors, relative 
wage will be higher and unemployment will be reduced, increasing the migration flows 
to the sector till equilibrium is reached. So, sectors that grow in general faster will have 
to pay higher wages. It is obvious that the basic system developed here can be easily 
extended with more complicated equations.

5. Some simulation experiments

In this section we analyse the behaviour of the new module for the Netherlands. We do 
simulation experiments for the Netherlands starting from the GTAP database version 
8.1, with the rest of the world aggregated to six regions (Europe, North America, South 
and Middle America, Oceania, Africa and Asia). For all regions except the Netherlands 
we use the standard GTAP labour market formulation while  using the new labour 
market modules only for the Netherlands. We just take a more or less random sector 
aggregation, because the focus is on the mechanisms involved, not on the empirical 
validity. We simulate into the future while making very simple assumptions on the 
development of the economy in order to investigate the mechanisms that work in the 
model.

In order to focus on the basic mechanisms, we use a standardized simple baseline, where 
exogenous value-added productivity growth (i.e. the multiplicative factor for the value-
added CES function) in all regions and sectors is the same, i.e. 2% per year between 
2007 and 2019, and 1% per year starting from 2020. We first compare a scenario with 

the standard flexible-wage GTAP model and the same scenario with the macroeconomic 
wage adjustment model.

The essence of the macroeconomic wage adjustment model is its wage adjustment. 
Roughly, you would expect a possibility for wage growth of 2% per year till 2019, and 
1% afterwards. This is what we see in Figure 3 for the flexible-wage simulation, although 
the wage increase is a little bit above 2% at the start of the simulation. The reason is 
that the equilibrium wage is not only determined by productivity growth, but also by 
substitution between labour and other production factors.

Figure 3: Wage adjustment and unemployment

In the macro wage adjustment simulation the wage develops more or less in the same 
manner as in the flexible wage model till 2019, but adjusts much slower to the new rate 
of technological change. This implies that during the first years after the productivity 
slowdown the wage rate remains too high, what is compensated after 2022 with a slower 
wage increase than 1% per year. At the end of the simulation period the wage rate is 
more or less in equilibrium.

The consequences of the wage adjustment process for unemployment are straightforward. 
Till 2020 unemployment is more or less at its equilibrium level, but then unemployment 
rises as a consequence of wages being too high. When the growth rate of wages becomes 
smaller than its equilibrium value, wages return gradually to their equilibrium level and 
unemployment returns to equilibrium unemployment.

The story above is consistent with the classical view on unemployment as discussed by 
Keynes(1936) and Hicks(1937). It is a stylized representation of the development of one 
of the causes of unemployment in the 1970s and 1980s, as discussed in Woltjer (2007).
The second analysis focuses on the sector specific wage adjustment model. On a 
macroeconomic level, the behaviour of the model is not fundamentally different from 
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that of the macroeconomic wage adjustment model. However, there are large differences 
between sectors. Figure 0.4 shows the development of wages in three aggregated sectors 
(we simulate with much more detail). The model starts in disequilibrium, because 
we initialize the migration flows symmetrically as one per cent of the minimum of 
employment in the three sectors involved. Because with growing income the differences 
in income elasticity of demand generate different growth rates in demand, labour demand 
for some sectors is structurally rising, while in others it is structurally declining. This 
explains why at the start of the simulation the rise in wages is less than 2% in agriculture, 
with a net outflow of labour, and more than 2% with a net inflow of labour (Figure 4).

Figure 4: Wage adjustments in the sector wage adjustment model

When productivity decreases, we see for all sectors more or less the same pattern, but 
we see that agriculture is declining far below 1% of wage growth, while wage growth in 
services is below 1% for only a short period of time.

This has consequences for unemployment per sector (figure 5). We see that till 2019 
unemployment in the labour loosing sector increases a little bit, while it increases in the 
labour attracting sector. Around 2019 equilibrium is more or less reached.

Figure 5: Unemployment in the sector-wage-adjustment model

After 2020 we see again that unemployment rises for some years, and then decreases 
till the equilibrium level. Agriculture generates less unemployment than industry, and 
industry less than services. This has to do with the wage history till 2019, where the 
wages in agriculture are already much lower than in services. Till now the focus was 
completely on the Netherlands. However, the Netherlands operates in an international 
context that was implicit in the discussions above. In order to show the importance of 
the international context, we apply the sectorally different labour market also in the rest 
of the world, with the rest of the assumptions the same. Figure 6 shows that when the 
rest of the world has the same institutional setting for wage setting as the Netherlands, 
that wage growth lags more behind other sectors, while the unemployment rate is 
higher. The reason is obvious: when also in the rest of the world wages in agriculture 
become lower, the competitive position of the Netherlands becomes worse and therefore 
unemployment is higher.
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Figure 6: Unemployment and percentage wage change in Dutch agriculture in the model with global sector 
inflexible wage versus only in the Netherlands

In order to investigate the logic of the model, we also simulate the consequences of a 
simple sector-specific shock. We reduce the consumer demand for other industry and 
transport with 30% in 2020 for the whole world in order to see the effects on the Dutch 
economy. This sector-specific shock could be an example of the type of sector-specific 
shocks as a consequence of the current crisis, although it is obvious that the essence of 
the current crisis cannot be captured with the current general equilibrium model. 

Figure 7: Production development of shocked versus non-shocked sectors

Figure 7 shows that production in the shocked sectors is reduced with about 15% in 
2020, but that production in the other sectors is reduced as well. The causes of this are 
two-fold. First, the increase in unemployment in the shocked sectors reduces income 
and therefore demand in the whole economy. Second, the shocked sectors will demand 
less of the other commodities as intermediate inputs. Thus, in this general equilibrium 
framework, a sector-specific shock can generate an economy-wide reduction in 
production.

Figure 8 Wage and unemployment development of shocked versus non-shocked sectors

Figure 8 shows the consequence of the reduction in production for unemployment. The 
shocked sectors experience an increase in the unemployment rate to 20%, but also the 
non-shocked sectors show a significant increase in unemployment rate. This generates 
a general decrease in wages that with the current parameters solves the unemployment 
problem very fast. Because of the role of the wage history in wage setting, the reduction 
in wages is overshooting its target and a period with a very low unemployment rate starts. 
Looking at the results, it seems that mobility reacts a little bit too easily to unemployment 
and wage differences, where it seems that everyone in the shocked sectors finds work 
outside the problematic sectors easily. The lack of rationing on the demand side through 
increasing vacancies provides the opportunity to generate a very low unemployment 
rate in the economy after 2023, that goes back to more or less normal levels at the end 
of the simulation period.

The interesting conclusion of the demand shock exercise is that the GTAP CGE 
model in combination with the sector-unemployment mechanism is able to generate 
macroeconomic unemployment that is not too far from a Keynesian type of 
unemployment. The productivity slowdown experiment shows that a productivity 
slowdown generates endogenous unemployment through a lagged wage adjustment.
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6. Discussion and conclusion

This paper was focused on the implementation of two types of unemployment in the 
CGE model MAGNET. The first type is neoclassical unemployment of the macro type, 
and the second is unemployment as a consequence of sector dynamics. Frictional 
unemployment is assumed, not explained, while also cyclical unemployment is not 
explicitly included, because monetary policy and disequilibrium investment are not 
included in the model.

The setup of the modules has been kept as simple as possible. Even within the current 
mechanisms a lot of flexibilities are available. For example, by making migration 
flows within a group of sectors bigger, the ease of substitution within this group can 
be increased. By changing the parameters for effects of unemployment and wage on 
the flows, the relative effect sizes for these two variables can be changed. And making 
the parameter  of the wage adjustment curve sector, labour type and region-specific, 
a lot of differentiation can be incorporated with respect to the dynamics of wages. 
This flexibility creates the possibility to bring empirical content into the wage and 
unemployment module.

One of the weak elements of the standard GTAP model is the lack of a sector-
specific investment module. Woltjer (2013b) has implemented a module that models 
international investment allocation dynamically based on average relative profitability in 
different countries and has an explicit relationship between investment and the growth 
of capital stock. Because of the importance of investment for sector developments, such 
a mechanism should also be included on a sector level within countries in order to 
improve on the dynamics of the labour market (Woltjer, 1995).

In the future it would be interesting to base the parameters of the wage adjustment 
and migration equations on empirical data. For example, in Tabeau and Woltjer (2010) 
dynamic migration functions from agricultural to non-agricultural sectors have been 
estimated for OECD countries that can be directly integrated in a CGE model.

In order to model the dynamics of unemployment more realistically, not only a sector 
differentiation but also a more detailed skill differentiation is required. Furthermore, 
in order to be able to model the dynamics of the current crisis it is essential that also a 
Keynesian type of dynamics is introduced which allows for explicit investment that is 
not automatically determined by savings, but also allows for causation the other way 
round.

In summary, two adjustment mechanisms in the labour market have been introduced: 
delayed wage adjustment and explicit labour migration between sectors. An experiment 
with a productivity slowdown and an experiment with a sector-specific demand shock 
have shown the dynamics of the labour market institutions that have been created. The 
design of the system opens opportunities to fine tune the parameters of the system to 
empirical information and to implement other institutions within the same framework. 

References
Boeters, S. and Savard, L. (2011), The labour market in CGE models, ZEW Discussion  
  Papers 11-079, ZEW - Zentrum für Europäische Wirtschaftsforschung / Center 

for European Economic Research.
Burfisher, M.E. (2011), Introduction to Computable General Equilibrium Models,   
 Cambridge: Cambridge University Press.
Figura, A. and Wascher, W. (2010). The Causes and Consequences of Sectoral   
  Reallocation: Evidence from the Early Twenty-First Century, Business Economics, 

45(1), 49-68.
Flaig, Dorothee, Harald Grethe, Scott McDonald (2013), Imperfect labour   
  mobility in a CGE model: Does factor specific productivity matter?, Paper presented 

at the Sixteenth Annual Conference on Global Economic Analysis Addis Ababa, 
Ethiopia, June 12 - 14, 2013.

Hedi Bchir, M., Y. Decreux, J.L. Guérin and Jean, S. (2002), MIRAGE, a Computable  
  General Equilibrium Model for Trade Policy Analysis, Working Paper No 2002-17, 

CEPII, Paris.
Hertel, T.W. (ed.), (1997), Global Trade Analysis: Modeling and Applications,   
 Cambridge: Cambridge University Press.
Hicks, J.R. (1937), “Mr. Keynes and the ‘Classics’: a suggested interpretation”,   
 Econometrica, Volume V: 147-159.
Keeney, R. and T.W. Hertel (2005), GTAP-AGR: A Framework for Assessing the   
  Implications of Multilateral Changes in Agricultural Policies, GTAP Technical 

Papers 1869, Center for Global Trade Analysis, Department of Agricultural 
Economics, Purdue University.

Keynes, J.M. (1936), The general theory of employment, interest and money, Macmillan,  
 London, Cambridge University Press, New York, 1973.
Lejour, A., P. Veenendaal, G. Verweij and N. van Leeuwen (2006). WorldScan:   
  A Model for International Economic Policy Analysis, CPB Document 111, CPB 

(Netherlands Bureau for Economic Policy Analysis), The Hague, Netherlands.
McDonald, S., K. Thierfelder and S. Robinson (2007), Globe: A SAM based global CGE  
  model using GTAP data, United States Naval Academy (http://ideas.repec.org/s/

usn/usnawp.html).
McDonald, S. and Thierfelder, K. (2009), STAGE_LAB: An Applied General   
  Equilibrium Model with Enhanced Labour Markets, Mimeo.
Mensbrugghe, D. van der (2005), LINKAGE Technical Reference Document Version 6.0,  
  Development Prospects Group (DECPG), World Bank, Washington, D.C.
MIRAGE-WIKI (2013), http://www.mirage-model.eu/miragewiki/index.php/Main_ 
  Page. Accessed 23-7-2013.
Muysken, J. (1989), “Classification of unemployment: Analytical and policy relevance”,  
  De Economist, Volume 137, nr. 4: 397-424.
Shutes, L., Rothe, A., and Banse, M. (2012), Factor Markets in Applied Equilibrium  
  Models: The current state and planned extensions towards an improved presentation 

of factor markets in agriculture, FACTOR MARKETS working paper No. 23.
Shutes, L. (2012), Labour supply curves for EU Member and Candidate States: an   
 applied general equilibrium analysis, FACTOR MARKETS working paper No. 26.



233232

Implementation of unemployment and sector wage development in a global CGE modelChapter 10

Tabeau, A. and G. Woltjer (2010), “Modelling the agricultural employment   
  development within the CGE framework: The consequences for policy responses”, 

paper prepared for the Thirteenth Annual Conference on Global Economic 
Analysis, Bangkok, Thailand, 9-11 June (https://www.gtap.agecon.purdue.edu/
resources/download/4729.pdf).

Woltjer, Geert (1995), Coordination in a Macroeconomic Game: its design and its role  
  in education and experiments, Thesis Rijksuniversiteit Limburg, Universitaire 

Pers Maastricht.
Woltjer, Geert (2007), De economische manier van denken, Coutinho, Bussum, derde  
 druk.
Woltjer, G. (2010), LEITAP2 Model description, LEI Wageningen UR, The Hague,   
 Netherlands.
Woltjer, G.B. (2013a), Forestry in MAGNET : a new approach for land use and forestry  
  modelling, WOt-werkdocument 320, Wageningen : Wettelijke Onderzoekstaken 

Natuur & Milieu.
Woltjer, Geert (2013b), Report on Global CGE model, TAPSIM deliverable D6.1.
Woltjer, G., Kuiper, M. and the LEI-MAGNET team (2013), The MAGNET model,  
 Module description, LEI Wageningen UR, The Hague, The Netherlands.


