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Lebanon vs Brazil 

Lebanon Brazil 

Area (km2) 10,400 (156th) 8.51 million (5th) 

Population (1,000,000) 4.14 201 

Population density 398 23 

GDP (USD) 64.2 billion 2.39 trillion 

GDP per capita (USD) 16,000 12,000 

Per capita CO2 emissions (kg) 4.94 1.90 

FIFA ranking   137th 1st 
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Falougha and São Paulo 
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Population: 11.32 million (2011) 

Population: 3,500 (estimated) 
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MOU between AUB and USP to undertake collaborative 
research on the economics of climate change in Lebanon 

Memorandum of partnership agreement between the Issam Fares 

Institute for Public Policy and International Affairs at the American 

University of Beirut, and the University of Sao Paulo Regional and 

Urban Economics Laboratory – NEREUS 

 

Dynamic spatial CGE system: The ARZ model 

 Bottom-up  

 Recursive dynamics 

 8 sectors, 6 regions 

 

Systemic economic impacts of GCC 

 

Scenarios consistent with the hypotheses of IPCC 

 

Consider different spatial scales (country and governorates) 

 

Five more years ahead… 
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Economics of Climate Change in Brazil Modeling Logical 
Structure 
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Modelos do IPCC: HadAM3

RegCM3

Downscaling IPCC 

Scenarios

A2, B2

HadRM3 Eta CCS

Regional models

Climatology

1961-90 

PROBIO-IPCC Global models used: IPCC TAR (HadAM3)-Version 1 

Maps and data of 

climate 

anomalies  

2071-2100, A2, B2

Climatology 

regional model 

1961-90

Climate anomalies (future-

present), from regional mulimodel

ensemble Time slices 2071-2100,

A2, B2
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The land-use model produces estimates of changes in the 
allocation of land to agriculture, pasture and forestry;… 
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… the agriculture productivity model produces estimates of 
productivity changes, by different crops;… 



… and the energy model produces estimates of changes in 
the energy matrix.  

Evolution of regional intensities: 

 

Energy input 

 

Sector 
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“Physical” changes 

 

 

Changes in the allocation of land to 

agriculture, pasture and forestry 

 

 

 

Changes in productivity by crops 

 

 

 

 

Changes in the energy intensity use 

 

 

Shocks in CGE variables 

 

 

Capital-augmenting technical change in 

agriculture and livestock (regional shocks)  

 

 

 

All-input-augmenting technical change in 

agriculture (regional shocks) 

 

 

Technical changes variables for 

import/domestic composites related to 

energy products (sectoral shocks) 
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These physical changes are then translated into shocks in the 
spatial CGE system 



Costs (benefits) of GCC 

2008 2035 2050 

SMCG – without GCC 

CMCG – with GCC 

Costs over time 
(PV of differences – marginal flows) 
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Macroeconomic outlook 

Adjusted to present values, discounted at a rate of 1% a 

year, these losses would range between R$ 719 billion and 

R$ 3.6 trillion, which would be equivalent to losing at least an 

entire year of growth over the next 40 years 

 

The average Brazilian citizen would lose between R$ 534 

(US$ 291) and R$ 1,603 (US$ 874). The present value (2008) of 

the reductions in Brazilian consumption accumulated to 2050 

would range between R$ 6,000 and R$ 18,000, representing 

60% to 180% of current per capita annual consumption 
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Regional costs (benefits) of GCC 
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Discount rate: 1% 
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Downscaling of climate projections (local uncertainty) 

Source: © Crown copyright 2006, data supplied by the Met Office. 
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A small country… 
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… with strong regional disparities 

Atlas du Liban, par Éric Verdeil, Ghaleb Faour et 
Sébastien Velut 
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… with strong regional disparities 

Atlas du Liban, par Éric Verdeil, Ghaleb Faour et 
Sébastien Velut 
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Regional setting and sectors in the ARZ model 

SECTORS: 

 

1. Agriculture and livestock 

2. Energy and water 

3. Manufacturing 

4. Construction 

5. Transport and communication 

6. Other services 

7. Trade 

8. Administration 
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In the first part of the project*, one scenario (baseline) was 
produced 

Projections of economic variables: macroeconomic, sectoral 

and regional 

 

Time horizon: 2030 

 

Baselines: without GCC (temperature and precipitation) 

 

 

 

 

 

 

 

*Inaugural article of REGION, the journal of the European Regional 

Science Association 
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In the second part of the project, we incorporated the effects 
of GCC (temperature and precipitation) 

Using the very same modeling structure used for the elaboration 

of the baseline, we incorporate the effects of GCC in a specific 

sector (agriculture) 

 

The objective was to verify whether such changes would 

potentially generate impacts that would redirect the future of 

regions 

 

Thus, one can assess the potential impacts of GCC in terms of 

benefits and costs for the country and its regions 
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Impact analysis 

Systemic impacts of climate change in Lebanon from agriculture 

 

 

 

What are the economic costs of climate change? 

 

Which regions are chiefly affected and to what magnitude? 

 

Climate variables 
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The agriculture productivity models produce estimates of 
productivity changes, by different crops 

𝑌𝑖𝑒𝑙𝑑𝑖𝑡 = 𝑓 𝐶𝑙𝑖𝑚𝑎𝑡𝑒𝑡 ,𝑃𝑟𝑖𝑐𝑒𝑠𝑖,𝑡−1,𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦𝑖𝑡 + 𝜀𝑖𝑡  

Variables / Productivity prd_cereals prd_fruit prd_olive prd_indus prd_veget

time 0.0244 0.5559 0.0384 0.1484 0.2186 

(0.037) (0.000) (0.117) (0.145) (0.011)

time2 -0.0131 

(0.002)

p_cereals1 0.0078 

(0.582)

p_fruit1 0.0386 

(0.184)

p_olive1 2.2395 

(0.109)

p_indus1 -0.0020 

(0.009)

p_veget1 -0.1250 

(0.000)

winter_n -0.0577 -0.6053 0.2251 -0.3244 0.1010 

(0.315) (0.017) (0.072) (0.509) (0.805)

spring_n 0.0702 0.4372 0.0089 -0.5671 0.2468 

(0.258) (0.104) (0.944) (0.279) (0.562)

summer_n -0.0072 -0.0474 -0.1113 0.3504 -0.4723 

(0.903) (0.851) (0.376) (0.485) (0.252)

fall_n 0.0513 0.5917 -0.1108 0.2718 -1.2008 

(0.392) (0.041) (0.376) (0.598) (0.006)

winter_tem_max_n -0.1400 -0.8466 0.1530 -0.0264 -0.4372 

(0.367) (0.210) (0.644) (0.984) (0.700)

spring_tem_max_n 0.1344 0.1275 0.2447 -1.8785 -1.7605 

(0.263) (0.801) (0.330) (0.068) (0.042)

summer_tem_max_n -0.0114 -0.2612 -0.0399 -0.6323 -0.0561 

(0.891) (0.452) (0.822) (0.376) (0.927)

fall_tem_max_n -0.0585 0.5741 -0.0824 1.3437 -0.4552 

(0.557) (0.174) (0.691) (0.116) (0.502)

winter_tem_min_n 0.0302 -0.2286 -0.4641 -0.1710 0.6329 

(0.876) (0.781) (0.267) (0.918) (0.656)

spring_tem_min_n -0.1542 -0.2203 -0.6467 0.9328 2.2449 

(0.381) (0.764) (0.093) (0.530) (0.075)

summer_tem_min_n 0.2573 1.0862 0.4560 0.9984 1.2984

(0.098) (0.148) (0.165) (0.438) (0.222)

fall_tem_min_n 0.1676 -0.1608 0.1076 -1.2030 0.4263 

(0.216) (0.783) (0.702) (0.305) (0.643)

constant -0.0086 -8.4601 -2151.58 18.8068 57.1251 

(0.781) (0.508) (0.109) (0.000) (0.000)

R-Squared 0.8334 0.8267 0.4880 0.8747 0.9237



Accumulated productivity changes in the agriculture sector 
due to climate change: Lebanese governorates, 2010-2030 

Econometric estimates of crop yield models 

 

+ Climate scenarios 

 

+ Regional distribution of crops in Lebanon 
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2010-2030

Accumulated (%)

Mount Lebanon -5,72

Northern Lebanon -8,44

Bekaa -3,10

Southern Lebanon -9,66

Nabatieh -9,98



These physical changes are then translated into shocks in the 
spatial CGE system 

“Physical” changes 

 

 

Changes in productivity by crops 

 

 

Shocks in CGE variables 

 

 

All-input-augmenting technical change in 

agriculture (regional shocks) 
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2010-2030

Accumulated (%)

Mount Lebanon -5,72

Northern Lebanon -8,44

Bekaa -3,10

Southern Lebanon -9,66

Nabatieh -9,98
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Differential results across sectors and regions, and over time 

Economic growth (-) 

 

Welfare (-) 

 

Regional concentration (-) 

 

Regional inequality (-) 

 

Emigration (+) 

 

Impacts are magnified over time 
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Macroeconomic outlook 

If the costs from climate change in Lebanon by 2030 were 

brought forward to today, at an intertemporal discount rate of 

1.0% per year, the cost in terms of the GDP would be LBP 

4,140 billion, which would account for 7.22% of the GDP 

for 2010.  

 

In terms of welfare, the average Lebanese citizen would lose 

around LBP 504 thousand (US$ 336) in terms of the present 

value of the reductions in household consumption accumulated 

to 2030, representing 4% of current per capita annual 

consumption. 

  



Regional costs of GCC – Gross Regional Output 

35 

Regional impacts of productivity changes in agriculture due to CC on GRP  
(% deviations from baseline) 
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Regional costs of GCC – Emigration 
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Systemic impacts of productivity changes in agriculture due to CC on regional 
population (net migrants) 

Accumulated % of 2010 values

LEBANON -128336 -3,19%

Beirut -18137 -4,28%

Mount Lebanon -52798 -3,27%

Northern Lebanon -21772 -2,65%

Bekaa -14863 -2,94%

Southern Lebanon -13698 -3,22%

Nabatieh -7069 -3,07%

2010-2030
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Overcoming limitations 

This is a challenging study, engaging a wide range of institutions, 

organizations and individuals. This provides opportunities in the form of 

increased integration between the institutions, more accurate data 

through information sharing and interdisciplinary approaches and a 

greater understanding of the potential impacts of climate change in 

Brazil to ensure the most effective response by the relevant political, 

economic and social sectors. 

 

The challenge therefore also brings with it limitations and potential 

problems. 

 

 Coordination and integration of studies (people, data and 

methods) 

 

 Study content and substance  

 

 Various sources of potential inconsistency (theory, data, 

dynamics, integration, cascade of uncertainty, etc.) 
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Focus areas 

Modeling 

 Downscaling 

 Impact analysis 

 Resiliency 

 Scenarios building 

 

Methodological integration 

 Land use and Economics 

 Energy and Economics 

 Transportation and Economics 

 Health and Economics 
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Regional costs (benefitss) of GCC  (2) 

40 

Discount rate: 1% 
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Downscaling: The case of Minas Gerais 

 

 

For a 1% per year discount rate, the costs are R$ 155 billions 

(scenario A2-BR) and R$ 446 billions (scenario B2-BR), 

representing between 55% and 158% of the State GRP of 2008.  

 

 

Which regions would (potentially) be more affected?  
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PV of GRP marginal flows associated with GCC 
(in proportion of 2008 GRP) 
 

Scenario A2-BR 

Scenario B2-BR 
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Economic Vulnerability to Climate Change* 

* Location quotient of the impacts: ratio between the regional  
share in total impacts and the regiona share in the State GRP 

Scenario A2-BR 

Scenario B2-BR 
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Climate change is said to increase the frequency and 
intensity of extreme events 

Climate forecasts present changes in frequency and intensity of short- 

lasting extreme events * 

 

 

Preliminary climate change studies suggest that between 2070 and 

2100 a rise between 2°C to 3°C in São Paulo can double the number 

of days with intense rain (above 10 mm).   

 

 

 

 

 

 

 
* Vulnerability of Brazilian megacities to climate changes: São Paulo Metropolitan Region (2010) - 

INPE, UNICAMP, USP, IPT, UNESP  
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The number of days with intense rain is expected to 
increase in São Paulo 

IPCC 2007 

Number of days with rain above 80mm  
in São Paulo Metropolitan Region 

Source: Maria Assunção Faus da Silva, IAG/USP 



47 

Impact analysis: Extreme events 

What are the economic costs of floods in São Paulo? 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Haddad, E. A. and Teixeira, E. (2014). “Economic Impacts of Natural Disasters in 

Megacities: The Case of Floods in São Paulo, Brazil”, Habitat International, 45, p. 106-113 
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Data: floods 

EMC – Emergency Management Center 

 

 

 

 

 

streets 
flooded 

frequency of 
floods 
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Data: georeferencing floods 
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Data: georeferenced floods (2008) 
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Data: firm level database (RAIS) 

      RAIS - Annual Relation of Social Information 
       
      Coverage:  national territory 
                       municipality level 
                      97% of formal labor market 
 

Firms:  location 
           total wages 
           “SIC” code 
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Example of GIS-based influence area of flood points, 
for different scenarios (50m, 100m, 150m, 200m) 
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Example 

The most severe flood 
point in 2008 

Influence 

Zone

Affected 

Firms

100 m 137

Longitude -46.70449

Latitude -23.57267
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Direct damage is estimated based on the 
characteristics of the affected firms 

Assumptions: 

 

 Technology based on a continuous-time production function 

approach 

 One day of flood affects one day of production of firms within the 

influence zone (working days) 

 Information on the average sectoral labor productivity from 

input-output data used to assess direct damages 

 Reweighting scheme 
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Higher-order impacts estimated using a spatial CGE 
model 

What if floods had not occurred in 2008?  

 

What would have been the difference in terms of 

regional output? 
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Estimated foregone income 
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Macroeconomic impacts 
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Direct and total GRP/GDP impact (in BRL million) 
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Loss in space… 

Potential GRP losses in the RMSP municipalities, 100m scenario 

In % of 2008 GRP In BRL 2008 
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“Reaching the planners”: Hotspots 2012 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 
                 

Teixeira, Eliane (2013) 
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Potential GDP losses in the São Paulo wards during 2008 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 
                 
 

Source: Teixeira and Haddad (2014) 
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Impact analysis: Climate anomalies (mainly droughts) 

63 

For agriculture, not only does climate change have the potential 
to modify the agricultural use, but also the climate itself is a 
direct input for crop production 

 

In 2005, several regions in Brazil experienced expressive 
reduction in precipitation compared to the historic average 

Southwest of Amazonia and Pará 

Sertao of Northeast (Ceará, Rio Grande do Norte, Paraíba and 
Pernambuco 

South of Brazil (Rio Grande do Sul, Santa Catarina and Paraná) 

 

As the agriculture sector has important forward linkages in the 
Brazilian productive structure, climate anomalies, even spatially 
concentrated, can imply in damages for the whole country 
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Physical models can provide estimates about the direct impact of 
climate anomalies on the quantum of agriculture production. It is possible 
to integrate these models with (economic) general equilibrium models 
(CGE models) to account for the systemic impact of climate anomalies 
considering the linkages of the agriculture sector with the other sectors in 
the economy 

 

Objectives: 

(i) To build an integrated framework using physical models and economic 
models that allows dealing with climate anomalies in a systemic context 

(ii) To evaluate the extent to which climate anomalies impact the 
economic system 

     What is the cost of climate anomalies, such as those in 2005, to the 
economy? 

     What sectors and regions are chiefly affected and to what extent? 

We use a methodological framework in which physical and 
economic models are integrated for evaluating the economic 
impact of climate anomalies 
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We use the profit function approach to estimate short-term impacts of 
climate on agricultural production [Jehle e Reny, 2000; Mas-Collel et al., 
2006; Lau, 1978]. This approach assumes: 

* Farmers allocate their inputs for the production of temporary crops 
and permanent crops; 

* Farmers allocation decision: Profit maximization problem in a 
competitive market (exogenous prices); 

* Inputs considered: Labor, Land, Fertilizers, and Energy. 

* Climate is considered as an input into the profit function: 
long-term climate (seasonal pattern) and climate variability 
(specific anomaly in the year). 

* Other fixed factors: soil type; investments; farmer education. 

 

The physical model uses the profit function approach for the 
agriculture sector 
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Database used to estimate the physical model 

Agricultural data: Brazilian Agricultural Census of 2006 (IBGE). 

Climate data: National Meteorology Institute (INMET) 

Spatial scale: municipalities 

 

Climate anomaly is defined as the difference between the 
observed value and the long-term average (for rainfall) divided 
by the standard deviation over the period 
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Strategy for sequential modeling integration 

(i) The physical model was estimated for permanent and 
temporary crops using the Census dataset 

(ii) The model estimated was used to project the physical impact 
of climate anomalies for permanent and temporary crops in 
2005 using climate and production data for this year 

(iii) The total impact on agriculture production was calculated 
using the Laspeyres index, whose weights were given by the 
shares of both permanent and temporary crops output for 
each municipality  

(iv) These impacts were aggregated across the municipalities in 
each state to obtain a measure of the physical change in the 
agriculture production at the state level 

(v) Such a measure was translated into a productivity shock in 
the agriculture sector in each state 
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Climate anomalies for 2005 and their physical impact on 
agriculture production by state 
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Climate anomalies for 2005 and their physical impact on 
agriculture production by state 

Productivity Shock

-3,7%

RO -1,6%

AC -2,0%

AM -13,0%

RR 3,2%

PA -14,9%

AP -11,0%

TO -3,0%

MA -10,6%

PI -4,0%

CE -16,2%

RN -8,2%
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BA 8,5%
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ES 37,3%

RJ 11,3%
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The integrated framework 
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B-MARIA27 CGE Model (Haddad, 2007) 

27 states 

56 sectors and 110 products 

6 groups of economic agents 

Short run closure 
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Impacts on GRP 

Shocks on agriculture sector Impact on Gross Regional Product 
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The economic costs of 2005 climate anomalies accounted for 
0.16% of GDP 

GDP Exports Imports
Household 

Consumption
BRAZIL -0,1630 -0,8190 -0,4810 -0,1629

RO -0,0010 -0,0035 -0,0006 -0,0009

AC -0,0006 -0,0021 -0,0002 -0,0005

AM -0,0080 -0,0298 -0,0014 -0,0063

RR 0,0014 0,0053 0,0015 0,0014

PA -0,0434 -0,1659 -0,0249 -0,0365

AP -0,0013 -0,0054 0,0002 -0,0008

TO -0,0031 -0,0126 -0,0031 -0,0027

MA -0,0317 -0,1266 -0,0225 -0,0262

PI -0,0025 -0,0101 -0,0019 -0,0020

CE -0,0241 -0,0897 -0,0096 -0,0201

RN -0,0031 -0,0104 -0,0025 -0,0032

PB -0,0007 0,0011 -0,0013 -0,0016

PE 0,0038 0,0214 -0,0012 0,0008

AL -0,0033 -0,0145 -0,0016 -0,0023

SE 0,0019 0,0070 0,0011 0,0016

BA 0,0494 0,2017 0,0235 0,0374

MG 0,0619 0,3108 0,0492 0,0364

ES 0,0837 0,4683 0,0336 0,0311

RJ 0,0040 0,0136 0,0063 0,0046

SP -0,0238 -0,1024 -0,0329 -0,0209

PR -0,0313 -0,3048 -0,1979 -0,0151

SC 0,0002 -0,0165 -0,0530 -0,0058

RS -0,1877 -0,8171 -0,1728 -0,1457

MS 0,0021 -0,0195 -0,0149 0,0054

MT -0,0070 -0,1315 -0,0549 0,0102

GO 0,0002 0,0034 0,0024 -0,0001

DF 0,0010 0,0106 -0,0014 -0,0012
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Impact on added value in Brazil 

There are spillover effects associated with the intersectoral 
linkages of the economy 
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Total Costs of Climate Anomalies (BRL millions 2011) 
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Total Costs of Climate Anomalies (BRL millions 2011) 


