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1. Introduction
This study demonstrates that there are systematic theoretical and empirical biases in results from analyses of economic policies using general equilibrium models. The biases are a consequence of the methods used to calibrate the standard (activity specific) production functions; theory allows inferences to be drawn on the directions of biases by reference to the direction of labor reallocations among sectors. Empirically, the magnitudes of the biases are uncertain, although it is possible to determine the upper and lower bounds associated with any experiment. 
Fundamentally there two alternative ways of calibrating the quantities of labor (and other factors) in the production functions used in computable general equilibrium (CGE) models: (1) physical quantities or (2) the use of value quantities or units of factor services, (the so-called Harberger convention).  Typically, when labor is measured in physical quantities, the calibration of production functions results in productivity differences by activity, i.e., labor is heterogeneous as workers receive different returns in different activities (the value of the marginal product of labor is not equalized across sectors). However, when the Harberger convention is applied, the return to labor in all activities is equalized, usually on one, and the inferred physical quantities are recorded in value quantities or units of labor services. Labor is homogeneous because the return to labor is equalized across all activities. 
Labor reallocations have different implications and interpretations according to how labor quantities are calibrated. If physical quantities are used, workers that are reallocated (typically) adopt the productivity of workers employed in the new sector of employment. Workers do not bring their productivity with them when they change sectors. If labor is measured in units of labor services, workers (typically) have the same productivity as they did in the sectors that they left – workers bring their productivity with them when they change sectors. The two specifications of labor markets are polar opposite representations of behavior; in this paper we describe the impact assumptions about factor behavior have on the results from CGE policy simulations and the implications for policy advice. 
The empirical illustration is derived using the GLOBE (version 2) model (McDonald, Thierfelder and Walmsley, 2013).  The GLOBE model is a standard global CGE model based on a global SAM derived from the GTAP database (Narayanan, Aguiar and McDougall, 2012). Production functions in the model are standard three-level nested CES functions. Agents in the model include a private households and a government that independently collect income accruing to them from factor use and taxes, respectively. The household maximizes utility subject to preferences represented by Stone-Geary utility functions, i.e., linear expenditure systems, having first paid income taxes and having saved a fixed proportion of after tax income. The government receives incomes from commodity taxes, production taxes and direct taxes on factor and household incomes, and uses that income to pay for consumption and for savings. This separation of the government and private household agents in the model requires certain modifications to the GTAP database, which are outlined in McDonald and Thierfelder (2004).  
Data for the analyses are from GTAP8.1L; there are five labor categories (officers & managers, technicians, clerks, service & shop workers, and agriculture & unskilled labor) as well as land, capital and natural resource inputs. Walmsley and Carrico (2013) provide data on physical quantities of labor used by activity for each of the five labor categories and for each activity in the GTAP8.1L database. These data confirm that labor returns are not equalized across activities and hence that the GTAP SAM is consistent with most SAMs used for CGE models in that it is characterized by labor heterogeneity.
The policy experiment used to illustrate the impact of alternative assumptions about the movement of labor is a stylized representation of the Doha Development Agenda (DDA) trade reforms. The simulation demonstrates that the biases inherent in the different methods for calibrating productions functions generate substantially different results and that the changes in variables can have different signs. When labor is measured in units of labor services, the typical approach in global models, welfare gains do not include productivity changes as workers acquire the skills of the sectors to which they relocate. Consequently, the welfare gains for developing countries from a stylized DDA simulation are increased because there is no loss of labor productivity when agricultural production expands. When factors are measured in physical units the welfare gains are greater when factors move from activities with lower productivities to activities with higher productivities and vice versa. Consequently, the welfare gains for developed countries from a stylized DDA simulation are increased because production moves out of low productivity sectors such as agriculture. 
The measurement of labor in production is a common index number problem, in which case it is important to be able to define the direction of biases. We demonstrate the direction of bias in a theoretical model in which each region has two activities, one with high labor productivity and one with low labor productivity.  The calculation is more complex in models where regions have multiple activities because we do not know the bilateral movement of labor, we only know that employment increases in some activities and decreases in others; only general indicators of calibration bias can be defined. However, in addition to the simulation results, we demonstrate the direction of bias given information about the physical amount of labor used in each activity. It is a systematic bias – there is a relationship between value and quantity units linked via wage rates. Calibration bias is independent of the policy simulations. It does affect the formulation of policy advice based on simulations from models with labor heterogeneity, which is the standard case with CGE models. 
The specification of labor as either physical quantities or value quantities means workers either take no skills with them when they change sectors or they have the skills needed to work in any sector and they take those skills with them when they change sectors.  A more realistic description of behavior lies between these two extremes. We conclude with a description of labor markets in which workers takes some, but not all, of their skills with them when they change sectors. We note it is an area for further research. The focus of this paper is to describe the bounds on the calibration biases in simulation results based on the specification of labor in production. 
2. Factor Market Operations in GE Models

In trade theory there are basically two theories used to model factor markets.  The first, is the simple Harberger model (Harberger, 1962) that assumes 2 goods (c1 and c2) are produced using the same constant returns to scale Cobb-Douglas technology and two factors of production are labour (L) and capital (K). Labour is free to move between the two sectors, so that labor is paid the same in both sectors. The Harberger model therefore implies that labour is homogenous and that the marginal product of labor is identical across sectors.  
The second theory, is the factor-specific model that addresses the implication of assuming that factors are specific to an activity and are therefore immobile across activities. This theory….   
There are a number of issues with this basic specification of trade theory.  First, all workers of the same type are considered homogeneous and hence marginal productivities are assumed to be equal across all activities. 
“ …. the production function has been a powerful instrument of mis-education. The student of economic theory is taught to write Q = f (L,C) where L is a quantity of labour, C a quantity of capital and Q a rate of output of commodities. He is instructed to assume all workers alike, and to measure L in man-hours of labour; he is told something about the index-number problem involved in choosing a unit of output; and then he is hurried on to the next question, in the hope that he will forget to ask in what units C is measured. Before ever he does ask, he has become a professor, and so sloppy habits of thought are handed on from one generation to the next.” (Joan Robinson, 1953, p 81, emphasis added)
Moreover the labor quantities are measured in ‘efficiency’ units due to the implementation of the Harberger convention.  This is the convention of normalizing the wage of a factor in each of the sectors to 1 and defining the quantities as the value of demand for labor by the sector (VLL,c1).  



Hence: 
Hence labor quantities are not measured in natural units – such as man-hours – but in efficiency units and the marginal productivity of labor is therefore completely independent of the quantities of capital and other factors.  
There is little evidence to suggest that, wages of a particular type of labor are equal across sectors or activities.  Data obtained from Weingarden and Tsigas (2010) on wages for 5 different labor types across up to 21 aggregated sectors and 48 countries shows consistent and significant differences in wages across sectors in all countries. Figure 1a and 1b show hourly wages in Brazil and Malawi imputed by Weingarden and Tsigas (2010) from the ILO data.  The wages show some considerable differences across sectors for the same labor type. Although labor is not perfectly mobile across sectors there is also very little evidence to support the proposition that labor is perfectly immobile between sectors either (REFERENCE ON MOVEMENT OF LABOUR – x% of US population move jobs). 
Figure 1a: Differences in wages of the 5 labor types across sectors in Brazil 

Figure 1b: Differences in wages of the 5 labor types across sectors in Malawi


Despite this many applied models with multiple factors (f) and multiple sectors or activities (a), treat labor as fully employed and fully mobile.  There is some recognition that wages may differ across activities because of an activity-specific productivity (Dervis, De Melo and Robinson, 1982).  In these models, all differences in wages are assumed to be solely attributable to the activity that employs the factor. Hence wages (Wf,a) are assumed to be a combination of an activity-generic wage (Wf) and the fixed activity-specific productivity (Af,a):


Factors are assumed to be mobile across activities such that the activity-generic wage remains equal across activities and the activity-specific productivity is fixed.[footnoteRef:1] If measured using real data, the movement of labor is in natural units (i.e., person-hours) and once the labor moves to a new activity it takes on the productivity of that new activity. As shown above in Figures 1a and 1b, these productivity gains from moving to another activity can be significant.  [1:  This method is also used in the GTAP model, albeit explicit calibration of the model (i.e. setting initial values of wages to one) is not required. In the GTAP model labor moves across sectors to equalize the percent changes in the wages across sectors, i.e., the sector generic wage.  The sector specific wage is fixed and hence is zero in percent changes:
] 

Unfortunately, is very rare that a consistent source of data on the quantities of factor demand is obtained and hence these models continue to rely on the Harberger convention of setting wages to one.  Hence: 


This means that both the activity-generic wage and the activity-specific productivity are also equal to one, and the quantities are in efficiency units, rather than natural units. Any potential productivity gains resulting from the movement of factors to more productive sectors are therefore not captured in our calculations of welfare. PROVIDE project and Delfin, Robinson, Theirfelder and Kearney find that these productivity gains (manna from Heaven) can be considerable.  
It might also be argued that these considerably differences in wages across sectors could be removed by further disaggregating labor.  Unfortunately, the lack of quality data on wages and employment make this solution difficult to implement on the scale required to eliminate all productivity differences across activities. The recent disaggregation of the 2 unskilled and skilled labor categories in GTAP to five, for instance, did not remove the activity-specific productivity, as Figures 1a and 1b attest.  Mirza, Narayanan and van Leewuen (2010) and Walmsley and Carrico (forthcoming) both investigated the impact of disaggregating labor in GTAP.  Both of these papers found that the inclusion of more categories did not significantly impact the macro-economic results although provided a greater richness in the results at a more micro level. These papers did not utilize the wage and quantity data to estimate the productivity differences between activities, and therefore still suffer from the limitations of the Harberger convention.
An alternative specification of labor mobility permitted in the GTAP model (Hertel and Tsigas, 1997) is to allow for sluggish mobility of factors through the introduction of a constant elasticity of transformation (CET) function. [footnoteRef:2] This specification assumes that each factor is heterogeneous across activities and hence productivities change as they move across activities.  Unfortunately the market clearing condition in the CET is defined in efficiency units, which can have unintended consequences for the total supply of factors in natural units as the factor moves across activities.  For instance, movement of a factor to a more productive activity, with market clearing imposed on efficiency units, has the effect of raising the supply of factors in natural units, i.e., increasing the number of man-hours worked. The CET is predominantly used for specifying land, but has also be used for labor (Acar, 2001).  [2:  Note that the CET is commonly used in single country models (and in the GLOBE model) to model the producers decision to sell their good to the domestic or export market.  ] 

None of these standard mechanisms used in global CGE models has been entirely adequate at capturing the intricacies of labor mobility across activities. 
While analysis of labor mobility across activities has received scant interest, migration between rural and urban centers and across countries has been effectively modelled in single and global CGE models. Early work by Robinson, Burfisher et al. (1993) analysing the NAFTA agreement placed labor issues at the forefront.  These papers included  …….. to capture more realistic migration/mobility of labor within NAFTA. More recently Polaski, Bento et al. (2009) also introduce migration of labor between rural and urban regions to investigate the impact of gains from trade to Brazil. 
In the international migration literature, Walmsley, Winters and Ahmed (2007) and McDonald and Sonmez (2006) incorporate endogenous migration functions to capture the restricted movement of labor between countries. Walmsley, Winters and Ahmed (2007) also include data and mechanisms to allow the user to specify what proportion of the productivity differential between the home and host economy that the new migrant would obtain once they have moved.  The productivity differentials are obtained from the collection of quantity data are utilized to capture the productivity differentials between activities and incorporate migration equations to allow some restricted movement of factors between activity segments and or between factors.   
Dixon and Rimmer (2003) apply an alternate labor specification in the MONASH model to examine a proposal that there should be a three-year freeze on nominal award wage rates combined with tax credits (equivalent to tax cuts) for low-wage workers living in low-income families. In this specification labor is divided into a number of occupational categories, as well as unemployment categories and new entrant, q.  People in each labor category (q) then decide how much of their labor to supply to each activity (a) by maximizing utility (a function of benefits/wages) subject to a supply constraints that total supply of labor category q equals the sum of supplies of that labor category to all activities. Differences between labor supply and labor demanded (by firm’s maximization of profits subject to a production constraint) then determine the extent to which wages adjust. In this case labor is not fully mobile across activities and wages do not equalize.  The mobility of labor depends on the decisions of labor to supply to an activity and also incorporates unemployment. In this paper the term activity refers to whether the employment is award or non-award wage and entitled or not-entitled to tax credits, however the same methodology could be applied to reduce mobility between sectors/activities, as is done in this paper.  Dixon and Rimmer (2003) find that this alternative methodology for modelling labor does have an impact on the results, although their focus is on unemployment.
Flaig, Grethe and McDonald (2013) also implemented migration equations into a single country Computable General Equilibrium (CGE) model calibrated with a Social Accounting Matrix (SAM) of Israel.  They also allow for the possibility that migrating workers do not completely adopt the activity-specific productivity of the new sector, and hence the productivity/wages of the new workers may be lower, or possibly higher, than the other workers in that activity.  
Renewed interest in labor with the 2008 economic crisis and increasing interest in the employment impact of supply chains and migration.  
· Distribution of labour productivities within a factor type across activities
· Is the classification scheme adequate? (education/skills vv occupation)
· Do we need to include information on the variation of ‘skills’ around the mean for each labour category?
· Labour productivities associated with reallocated labour
· What productivity does the reallocated labour type have in its new activity? (The one from the activity it leaves or activity to which it goes or some ‘mix’)
· How should we model reallocation?
Methodology: Data and Model
Data
The data used in the GLOBE model were derived from the GTAP 8.1L database using a three dimensional Social Accounting Matrix (SAM) method for organising the data. Details of the method used to generate a SAM representation are reported in McDonald and Thierfelder (2004a). The data are aggregated into nine sectors, nine regions (see Appendix 1) and eight factors (five labor, listed in Table 1, capital, land and Natural resources).  Of importance in this paper is that the SAM includes the use of these eight factors by all nine activities for each region and that the payments to those factors less depreciation and direct (income) taxes accrue to the households.  
Recent changes to the labor data in the GTAP database have increased the number of labor factors from 2 to 5 (Table 1).  These additional labor data in the GTAP 8.1L database come from Weingarden and Tsigas (2010) and were further processed by Walmsley and Carrico (forthcoming).  The data are based on wage and quantity data obtained from the ILO for up to 21 sectors. Wages multiplied by quantities form the basis of value shares that are then applied to the GTAP total labor value added data.  
In addition to disaggregating factor payments in the GTAP 8.1L database, the underlying quantity and wage data are also employed in this paper to demonstrate the extent to which wages differ across sectors and hence provide estimates of sector-specific productivity of the five labor types. The 21 ILO sectors can be mapped to a 12 sector aggregation of the GTAP database (figure 4 in Walmsley and Carrico (forthcoming)), hence average wages exist for all five labor categories across the 12 sectoral aggregates.  It is assumed that wages are the same across sectors within each of the 12 sectoral aggregates, for example one wage is provided for the sector aggregate – Agriculture – and hence it is assumed that workers of the same type working in the “wheat” sector earn the same average wage as those working in the “sugar” sector. Consideration was given to the 12 aggregates when selecting the nine sectors (see columns I and II in Table 2): in some cases, for instance crops and livestock are both in the same aggregate – Agriculture – while others match one of the 12 aggregates in its entirety (e.g., utilities); in the case of services we have chosen to further aggregate some of the 12 sector aggregates since there is a lot more detail in the ILO data for the services sectors.  
Figure 1 shows the extent to which wages differ across regions and across sectors in this GTAP aggregation for Clerical workers. As expected there are considerable differences between developing and developed economies, but as discussed above there are also considerable differences between wages across sectors, with clerical workers working in agricultural sectors receiving the lowest wage across all regions.  The results are similar for other labor types, albeit the more skilled workers – ‘Technical and Assistant Professionals’ and ‘Office Managers and Professionals’ – earn higher wages than the lower skilled workers. These differences in wages will reflect the sector-specific productivity of these workers. 
Table 1. Five Individual and Aggregate Categories of ISCO-88
	ISCO-88 Major Group
	Abbreviated Name used in GTAP
	Short name used in Paper
	Description

	1,2
	off_mgr_pros
	Officials and Mangers
	Legislators, senior officials and managers (Major Groups 1), and  professionals (Major Group 2)

	3
	tech_aspros
	Technicians
	Technicians and associate professionals

	4
	Clerks
	Clerks
	Clerks

	5
	service_shop
	Service/Shop workers
	Service workers and shop and market sales workers

	6,7,8,9
	ag_othlowsk
	Agricultural and Unskilled
	skilled agricultural and fishery workers (Major  Group 6), craft and related trade workers (Major Group 7), plant and machine operators and assemblers (Major Group 8), and elementary occupations (Major Group 9)


Source: Walmsley and Carrico (forthcoming), Table 2.
Figure 1: Annual Wages in US dollars for Clerical workers

Source: Based on values obtained from the GTAP 8.1L Database (Narayanan, Aguiar and McDougall, 2012) and quantity data from Walmsley and Carrico (forthcoming).
Model
The model used in the paper is the GLOBE version 2 model (McDonald, Thierfelder and Walmsley, 2014).  The GLOBE model is a fairly standard global CGE model based on a global SAM derived from the standard GTAP database (Narayanan, Aguiar and McDougall, 2012).  Agents in the model include a private households and a government that independently collect income accruing to them from factor use and taxes, respectively. The household the maximises utility subject to preferences represented by a Stone-Geary utility function, i.e., a linear expenditure system, having first paid income taxes and having saved a fixed proportion of after tax income. The government receives incomes from commodity taxes, production taxes and direct taxes on factor and household incomes, and uses that income to pay for consumption and for savings. This separation of the government and private household agents in the model requires certain modifications to the GTAP database, which are outlined in McDonald and Thierfelder (2004b).  
Some of the other non-standard features of the GLOBE model include a CET on the supply of domestic production to the export and domestic markets and the inclusion of a nominal exchange rate.  Further information can be obtained from McDonald, Thierfelder and Walmsley (2014).  
Table 2: Clustering of Activities for Restricting Labor Mobility
	I
	II
	III
	IV

	9 Activities
	Mapping of 9 activities to original 12 sector aggregation based on ILO data
	Mapping to 3 segments
	Mapping to 6 segments

	crops
	Agriculture
Forestry
	Agriculture
	Agriculture

	Livestock
	Agriculture
	Agriculture
	Agriculture

	Extraction
	Extraction
	Manufactures
	Extraction

	Food Processing
	Manufactures
	Manufactures
	Manufactures

	Light manufactures
	Manufactures
	Manufactures
	Manufactures

	Heavy manufactures
	Manufactures
	Manufactures
	Manufactures

	Utilities & construction
	Utilities
Construction
	Services
	Utilities

	Trade & Transport
	Trade
Transportation & Communications
	Services
	Trade & Transport

	Other services
	Finance & Insurance
Other business services
Government
Recreational
	Services
	Other Services


Source: Based on our chosen aggregation and mappings from Walmsley and Carrico (forthcoming).
Given our interest in demand and supply of labor, the remainder of this section will focus on the behavior of activities and the changes made to the model to limit the mobility of labor between sectors.  
In terms of demand, activities are assumed to maximise profits using technology characterised by Constant Elasticity of Substitution (CES) and/or Leontief production functions between aggregate primary inputs and aggregate intermediate inputs, with CES production functions over primary inputs and Leontief technology across intermediate inputs (Figure 2).  The production system is therefore set up as a two-stage nest of CES production functions.  At the top level[footnoteRef:3] aggregate intermediate inputs (QINTa,r) are combined with aggregate primary inputs (QVAa,r) to produce the output of an activity (QXa,r). This top level production function can take either CES (Xa,r) or Leontief form (Xa,r = 0), with CES being the default and the elasticities being activity and region specific (Xa,r). [3:  GLOBE model notation is used from this point forward.] 

Figure 2: Production Structure of GLOBE Model
[image: ]
At the second level aggregate intermediate inputs are a Leontief aggregation of the individual intermediate inputs where the input-output coefficients (ioqintc1,a,r) are defined in terms of input quantities relative to the aggregate intermediate input. The value added production function is a standard CES function over all primary inputs (FDf,a,r), with the elasticities being activity and region specific (VAa,r). 
On the supply side, the GLOBE model is similar to most CGE models and utilizes the activity-specific productivities discussed in section 2. Total factor supply (FSf,r), across all activities, is fixed.  Hence the market clearing condition: 

,
ensures that factors are perfectly mobile across sectors so as to equate the factor specific wage across sectors WFf,r; any activity specific wage wfdistf,a,r remains constant. Since the quantities of factor demands are unknown the Harberger convention is used and both WFf,r and wfdistf,r are set equal to one.  



Hence: 				 

and 					
In this paper we investigate the impact of these assumptions on the mobility of labor.  First, we incorporate real data from Walmsley and Carrico (forthcoming) on the quantities of factor demands to estimate differences in activity specific wages, wfdistf,r.  These differences in wages across activities and our knowledge of the underlying data and the 12 aggregated activities consistent with the ILO data, are then used to impose restrictions on the mobility of labor between groups of activities – labelled segments. 
Next we incorporate a migration function into the GLOBE model to allow restricted movement of labor between labor types or segments (f)[footnoteRef:4]: [4:  Note f is the factor type, in this case factor types include both factors (Table 1) and segments (Table 2).  Factor types relate to both the factor and the segments.  For example, factors include both clerks working in agricultural sectors (clerks_agr) and clerks working in manufacturing sectors (clerks_manuf), as well as shop workers in manufacturing (shop_manuf). ] 



Where: 



is the supply of migrants from factor type f to factor type fp
WMIGRATIOf,fp,r is the ratio of the wage of factor fp relative to the wage in factor f.  Factor f will migrate to fp if the relative wage of factor fp to f rises.  



The extent to which movement occurs depends on the migration elasticities, and our definition of f (factor type). If we re-define factor (f) to include both factors (Table 1) and segments (Table 2) then clerks working in agricultural sectors (clerks_agr) and clerks working in manufacturing sectors (clerks_manuf) are two distinct factors and movement between then is determined by the value of the migration elasticities, .  Likewise shop workers in manufacturing (shop_manuf) are also a distinct factor and hence, depending on the migration elasticities, , we can also allow migration between clerks_manuf and shop_manuf or clerks_agr and shop_manuf.  If migration is unlikely (e.g., lowsk_agr to prof_services) then etamig=0.   

The new factor supply of factor fp () will then depend on migration in and out of other factors.  
Experiments
The policy experiment used to illustrate the impact of alternative assumptions about the movement of labor is a stylised representation of the DDA trade reforms with respect to market access, export subsidies and domestic support program. In line with the basic principles of the DDA, the guiding presumption for market access is that the greater the degree of protection the greater the degree of reduction in the distortion, while export subsidies are removed in their entirety and domestic support programs are reduced substantially.
The ‘full’ DDA simulation involves the following policy changes:
1. Export subsidies - elimination of all export subsidies where export subsidies are defined as negative export tax rates.
2. Market access – reduce export taxes and tariffs.
a. Export taxes – elimination of all export taxes by all regions.
b. Import duties – 40 percent reduction in import duties by the non-developed regions (India, Brazil, China & HK, South Africa, Least Developed and Developing) and by 60 percent for other (developed) regions (EU, North America and other developed).
3. Domestic support programs – 30 percent reduction in rates of domestic support by the non-developed regions and by 70 percent for other the developed regions.
To illustrate the impact of various assumptions regarding the mobility of labor across activities the DDA policy, five separate simulations are undertaken under the following assumptions.  

a. Harberger and Full Mobility: Fully mobile factors across all activities with no differential wages across activities 
b. Wage Differentials: Fully mobile factors across all activities with factor use data included to show differences in wages across activities.  
c. Three Segmented Factor Markets: Fully mobile factors within 3 activity groupings (Table 2, column III) with differential wages and no migration functions. 
d. Six Segmented Factor Markets: Fully mobile factors within 6 activity groupings (Table 2, column IV) with differential wages and no migration functions. 
e. Three Segments and Migration: Three segmented factor markets (Table 2, column III) with migration functions
In the final simulation, we also investigate the sensitivity of the results to the choice of the migration elasticity (etamigf,fp,r).  
Two closures are investigated: 
First, the basic full employment balanced macroeconomic closure, where exchanges rates are fixed and the shares of (the value of domestic) absorption by government and investment are also fixed.  The basic closure is chosen because of its similarity to the standard closures used in global models, which eases our analysis of the impact of the movement of factors on the analysis.  
The second closure imposes three variants on the basic closure that make the closure more realistic for the purposes of analyzing the DDA.  First, we assume unemployed unskilled labour (Clerks, service_shop, ag_othlowsk) in developing economies (India, Brazil, China & HK, South Africa, Least Developed and Developing); second, the government budget is fixed and assumed to clear by varying the household income tax rates; and finally, the nominal exchange rate is made flexible and the balances on the trade accounts fixed for each all regions.
Results
Concluding Comments
The preliminary results indicate that the potential gains from a stylised DDA decline for all regions when compared to results achieved when the ‘standard’ assumption of full factor mobility is imposed. This is an expected conclusion: any impediment to structural changes in response to changed incentives will, by definition, have negative implications. However the implications for developing and developed regions differ substantially. Developed countries continue to experience positive gains even with very low migration elasticities whereas developing countries, even when full employment is assumed, often lose all gains even at relatively high elasticities. Additional simulations to explore the relative importance to the results of the extent of segmentation versus the migration elasticities are required to understand more fully the behaviour of the modified model.
Appendix 1
	Regions
	Sectors

	Short Name
	Long Name
	Short Name
	Long Name

	India 
	India
	crops
	Crops and forestry

	Brazil
	Brazil
	Livestock
	Catttle and other animals, raw milk, wool and fishing

	China & HK
	China and Hong Kong
	Extraction
	Coal, Oil, gas and other minerals

	South Africa
	South Africa
	Food Processing
	Meat, vegetable oil, rice, sugar, other food and beverages and tobacco

	Least Developed
	Least Developed Countriesa
	Light manufactures
	Textiles, wearing apparel, paper products, motor vehicles, transport equip and other manufacturing

	Developing
	Developing Countries
	Heavy manufactures
	Petroleum, chemicals, iron and steel, other machinery and equip, electronics  

	EU
	EU countries
	Utilities & construction
	Electricity, water and gas

	North America
	Canada, Mexico and USA
	Trade & Transport
	Trade and air, water and other transport

	Other Developed
	Other Developed Countries
	Other services
	Other business and government services


The UN list of least developed countries was used to construct this region, see: http://www.un.org/en/development/desa/policy/cdp/ldc/ldc_list.pdf
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