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Figure 6.1 Lorenz Dominance: Changes in 

the middle of the distribution

Source: Authors’ calculations

 
                                                        Source: Authors’ estimates 

 

 

Table 6.1 Global Income Inequality 

   Dispersion Convergence 

Index 2005 2050 Only Only 

Gini 0.697   0.616 0.701 0.616 

Theil 1.046 0.717 1.059 0.719 

Mean Log Deviation 0.942 0.723 0.954 0.723 

     
 
 Gini Theil Mean Log Dev 

Region 2005 2050 2005 2050 2005 2050 

Developed Countries 0.394 0.378 0.270 0.245 0.277 0.257 
       

Developing Countries 0.552 0.588 0.623 0.664 0.529 0.629 

      East Asia and the Pacific 0.421 0.479 0.311 0.399 0.293 0.411 

      Eastern Europe and Central Asia 0.394 0.513 0.257 0.441 0.280 0.490 

      Latin America and the Caribbean 0.599 0.605 0.714 0.707 0.699 0.719 

      Middle East and North Africa 0.399 0.405 0.284 0.298 0.261 0.271 

      South Asia 0.297 0.326 0.156 0.183 0.141 0.176 

      Sub Saharan Africa 0.495 0.488 0.499 0.481 0.425 0.410 

Data source: Authors' estimates 
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Figure 6.4 Income distribution in 2005 and 2050: 

Reduction of absolute poverty
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Figure 6.5 Reduction in absolute vs relative poverty

Relative Poverty Measured as Ravallion and Chen (2009) “Weakly Relative Poverty”
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Table 6.2 Poverty Estimates 
 Absolute Poverty ($1.25 PPP) Weakly Relative Poverty 

 
Head Count 

Index (2005) 

Head count 

Index (2050) 

−∆ Poverty 

Millions 

Head Count 

Index (2005) 

Head count 

Index (2050) 

−∆ Poverty 

Millions 

All Developing Countries 21.9 0.4 1,185 31.96 12.4 843 

  East Asia and the Pacific 15.8 0.0 -87  30.4 12.1 277  

  Eastern Europe and Central Asia 4.4 0.0 20  12.6 5.5 35  

  Latin America and the Caribbean 8.1 1.0 35  33.3 31.3  (67) 

  Middle East and North Africa 4.1 0.0 8  19.0 10.5 5  

  South Asia 40.5 0.0 583  40.8 4.0 499  

  Sub Saharan Africa 51.7 2.8 252  55.5 20.3 104  

Source: Authors’ estimates 

 
 

Table 6.3 Composition of the Global Middle Class 

Region 2005  2050 

  Millions   %    Millions  % 

Developed Countries        190.8        33.0             27.1              4.3 

      

Developing Countries         260.2          6.4        2,117.3            29.7  

         - East Asia and the Pacific           41.1          2.3           785.7            35.0  

         - Eastern Europe and Central Asia           85.9        19.7           117.9            30.5  

         - Latin America and the Caribbean        107.5        20.3           245.9            31.8  

         - Middle East and North Africa           18.3          8.9           151.2            47.0  

         - South Asia             0.6       < 0.1           657.6            29.2  

         - Sub Saharan Africa             6.8          1.3           159.1            16.6  

      

Total         451.0        8.15        2,144.3            28.4  

Source: Authors’ estimates 
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APPENDIX 1: THE MODEL USED FOR THE CLIMATE CHANGE SIMULATIONS 

The quantitative analysis of the climate change section of this paper relies extensively on the World Bank’s 
dynamic global computable general equilibrium model, ENVISAGE (ENVironmental Impact and 
Sustainability Applied General Equilibrium Model; See van der Mensbrugghe 2009). Underlying the model 
is the 2004-based Release 7 of the GTAP database that divides the world economy into 113 countries/regions 

(of which 95 are countries) and 57 commodities (More on the GTAP data can be found at www.gtap.org). 

For modeling purposes the underlying database is typically aggregated to a more manageable set of regions 
and sectors with a focused selection of both depending on the objectives of the particular study. In the case of 
the current study the focus has been on the agriculture and food sectors, but energy as well to capture the 
emergence of biofuels and the linkage between energy and agriculture. ENVISAGE has been designed for 
climate change studies and therefore the standard GTAP data is supplemented by several satellite accounts. 
These satellite accounts include energy data in volume, carbon emissions linked to the burning of fossil fuels, 
and emissions from the other Kyoto greenhouse gases, i.e. methane (CH4), nitrous oxides (N2O), and the 
fluorinated gases (F-gases). Both methane and nitrous oxides are linked to agricultural production. The other 
GHG differ from carbon emissions. First, they have a more exhaustive set of drivers since they can be 
associated with all intermediate inputs, not simply fossil fuels, as well as factor inputs (for example land in 
the case methane generated by the production of rice) and output. Second, there exist abatement technologies 
that are more complex than in the case of fossil fuel-based carbon emissions. With current technologies, the 
latter can only be abated by either lowering consumption of fossil fuels or substitution into lower- or zero-
emission fuels. In the case of the other GHG, abatement technologies may exist that involve different 
production methods, though presumably at a higher cost. 

Separately, we have supplemented the GTAP data with a more exhaustive set of electricity activities—
splitting the single GTAP electricity sector into five production activities that include coal fired, oil and gas 
fired, nuclear, hydro-electric and other (including all existing renewables). For long-term scenario analysis 
we also introduce several new energy technologies that initially have low penetration, but that under certain 
circumstances could potentially replace conventional technologies. These new technologies include first and 
second generation biofuels as potential substitutes in the transport sector, and coal and gas carbon capture 
and storage (CCS) in the power sector. 

In most respects ENVISAGE is a rather classical recursive dynamic global CGE with a time horizon 
spanning 2004-2100. Production is based on the capital-labor substitution with capital and energy near-
complements in the short-term and substitutes in the longer-term. A vintage production structure is employed 
that allows for partial capital mobility across sectors in the short-term, or a putty-semi-putty technology. 
Vintage capital is associated with lower production flexibility, whereas new capital is more flexible thus 
aggregate flexibility depends on the share of vintage capital in total capital, with greater flexibility associated 
with those economies with the highest savings rate. Factor payments accrue to a single representative 
household in each region and the latter allocates income between savings and expenditures on goods and 
services. The model allows for significant flexibility in specifying consumer demand. The top level utility 
function can be specified using one of three demand systems—constant difference in elasticities (CDE, 
Hertel, 1997), extended linear expenditure system (ELES, Lluch, 1973), and (AIDADS, Rimmer and Powell, 
1996). The top level utility function can be specified at a different commodity aggregation than production. 
A transition matrix—that allows for commodity substitution—converts consumer goods to produced goods. 
Energy demand is specified as a single bundle for each agent in the economy. Energy demand is then split 
into demand for specific types of energy using a nested CES structure. Trade is specified using the 
ubiquitous Armington assumption (Armington, 1969)—though the model allows for homogeneous 
commodities as well. Government plays a relatively passive role—collecting taxes and spending on goods 
and services. The government’s fiscal balance is fixed in any given year (and declines towards 0 from its 
initial position by 2015), and the household direct tax schedule shifts to achieve the fiscal target (The base 
year imbalance converges towards zero at some later date currently set at 2015.). The latter implies that 
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changes in indirect taxes (e.g. import tariffs or carbon taxes) are recycled in lump-sum fashion to households. 
Investment is savings driven and savings rates are influenced by the overall growth rate as well as 
demographic factors such as dependency ratios. The current account balance for each region is fixed in any 
given. The base year balances converge towards zero at some date (currently set to 2025). An ex ante shift in 
either import demand or export supply influences the real exchange rate. Thus, for example, if a country is 
forced to import more food due to climate damages to its agriculture, this would normally entail a real 
exchange rate depreciation that increases demand for its exports in order to pay for the additional food 
imports. 

ENVISAGE has been developed as an integrated assessment model (IAM). Emissions of the greenhouse 
gases generated by the economic part of the model lead to changes in atmospheric concentrations. A simple 
reduced form atmospheric model converts changes in the stock of atmospheric concentrations into changes in 
radiative forcing and global mean temperature. The resulting changes in global mean temperature feedback 
on the economy through damage functions that affect various economic drivers. In the current version of the 
model the only feedback is through changes in agricultural productivity. The agricultural damage functions 
have been calibrated to the estimates from the recent study by Cline 2007. 

Dynamics in ENVISAGE is driven by three key factors. The first is demographics, which describe 
population and labor force rates of growth. Following a common practice, our baseline uses the medium 
variant from the UN populations forecast, with the growth of the labor force equated to the growth of the 
working age population (defined as those between 15 and 65 years of age). The second key driver is formed 
by savings and investment which jointly determine the overall level of capital stock (along with the rate of 
depreciation). In ENVISAGE the savings function is partially determined by demographics. Generally 
speaking, savings will rise as dependency ratios (both under 15 and over 65) fall. 

The third driver is productivity. ENVISAGE differentiates productivity across broad sectors: agriculture, 
energy, manufacturing, and services. Agriculture’s productivity growth has two components to be calibrated. 
On one hand, the exogenous component is calibrated to 2.1 percentage points per year, consistent with recent 
trends (World Bank, 2008). On the other, the endogenous component comes from a linear damage function 
which links increases in global temperature to declines in agricultural TFP and is calibrated according to 
Cline’s average estimates with and without carbon fertilization (Cline, 2007).  

Productivity in other sectors is unaffected by climate change, and is calibrated through 2015 to match the 
World Bank’s medium- and long-term forecast. After 2015, productivity growth in the US is calibrated to 
achieve a long-term average (2004-2100) growth in real GDP per capita of 1.2 percent per year—with faster 
growth in the first half of the century—while productivity in other countries/regions is calibrated based on 
simple convergence assumptions. 




