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Lebanon vs Brazil

Area (km?)

Population (1,000,000)
Population density

GDP (USD)

GDP per capita (USD)

Per capita CO, emissions (kg)
FIFA ranking

10,400 (156%)
4.14
398
64.2 billion
16,000
4.94
121t
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8.51 million (5th)

201
23
2.39 trillion
12,000
1.90
6th



Falougha and Sao Paulo

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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Outline

v Insights from the Brazilian experience
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Economics of Climate Change in Brazil Modeling Logical
Structure

A RELATIONS' NETWORK: the way the sections of this _‘ﬂf‘
study are structured i
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Mitigation !

Clirmate Change
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Sea level rise

Adaptation

SUSTAINABLE DEVELOPMENT

Ervironmental Impacts | Economical Impacts Social Impacts
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PROBIO-IPCC Global models used: IPCC TAR (HadAM3)-Version 1

Downscaling Climatology - 'PCC_
Modelos doIPCC HadAM3 1961-90 c:g’aélg >
Climate anomalies (future-
m ) present), from regional mulimodel
ensemble Time slices 2071-2100,

A2,B2

Climatology
regional model

— 1961-90

Maps and data of
climate

> anomalies
2071-2100, A2, B2

EtaCCS
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Temp. Media A2 OJF Temp. Media A2 DJF Temp. Media A2 DJF
2020s 2050s 2080s

art

£OL4AGES - -
Department of Economics, University of Sao Paulo 9



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;...

Legenda
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I 454 -99,0

Variacédo da produtividade projetada da lavoura de soja por microrregides para 1039

Cenario B2
Projecdo: Lat Long , SAD69
Fonte: PRECIS (2007)
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... and the energy model produces estimates of changes in
the energy matrix.

Evolution of regional intensities:
v Energy input

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

“Physical” changes Shocks in CGE variables

Changes in the allocation of land to :> Capital-augmenting technical change in
agriculture, pasture and forestry agriculture and livestock (regional shocks)

Changes in productivity by crops :> All-input-augmenting technical change in
agriculture (regional shocks)

Technical changes variables for
Changes in the energy intensity use ':> import/domestic composites related to
energy products (sectoral shocks)

Department of Economics, University of Sao Paulo 13



Costs (benefits) of GCC

Costs over time
(PV of differences — marginal flows)

e SMCG - without GCC
— CMCG - with GCC

2008 2035 2050
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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

Department of Economics, University of Sao Paulo 15
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Mudancas climaticas podem causar
perdas de R$ 3,6 trilhdes ao pais
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Regional costs (benefits) of GCC

o

Il renor que -5
Sa-4
4a-3

[ |0sa0
[ | impacto positivo

Proporg&o do PIB estadual

0 400 800 )

Quilbmetros

Il menor do que -1000
I 1000 a -500

-500 a -250

B 2502125

B 1258 625

] 6252-31.25

3125a0
impacto positivo

VariagZo bruta do PIB egtadual ( R$ bi de 2008)

800 1200

Discount rate: 1%

Quilsmetros

RS bilhéies de 2008 Proporgdo do PIB Estadual PIB Estadual

AZ-BR B2-BR A2-BR B2-BR (RS hilh&es de 2008)
Rondbnia -12,0 -34,6 -0,73 -2,10 16,5
Acre -1,0 -6,9 -0,18 -1,20 5,8
Amazonas -25,2 -89,7 -0,57 -2,02 44,5
Roraima -5,0 -11,9 -1,18 -2,83 4,2
Para -30,7 -80,4 -0,54 -1,41 56,9
Amapa -0,9 -13,0 -0,16 -2,28 5,7
Tocantins -16,7 -31,1 -1,29 -2,40 13,0
Maranhdo -87.8 -119,5 -2,66 -3,63 330
Piaui -8,8 -40,7 -0,61 -2,80 14,5
Ceara -78,1 -146,2 -1,42 -2,66 55,0
Rio Grande do Norte -15,9 -50,5 -0,69 -2,18 23,1
Paraiba -28,7 -33,0 -1,31 -1,50 21,9
Pernambuco -41,0 -139,7 -0,64 -2,20 63,5
Alagoas -88,9 -95,1 -4,61 -4,93 19,3
Sergipe -7,7 16,8 -0,43 0,93 18,0
Bahia 15,4 -45,7 0,12 -0,37 124,5
Minas Gerais -155,1 -446,4 -0,55 -1,58 283,2
Espirito Santo -123,7 -157.6 -1,95 -2,49 63,3
S&o Paulo -230,2 -1215,4 -0,25 -1,31 927,7
P e 53,9 157 fop:eia 1950
Santa Catarina 12,1 -158,0 0,10 -1,33 1191
Rio Grande do Sul 2584 70,6 1,24 0,34 209,0
Mato Grosso do Sul -58,8 92,1 -1,82 -2,86 32,3
Mato Grosso -295,1 -333,0 -5,03 -5,68 58,7
Goias -22,3 -117.6 -0,30 -1,57 74,7
Distrito Federal 0,0 -96,2 0,00 -1,01 95,1
Norte -91,6 -267,7 -0,63 -1,83 146,5
Nordeste -341,6 -653,7 -0,92 -1,75 372,8
Sudeste -477.4 -2049,3 -0,30 -1,29 1589,7
Sul 563,1 -3,5 1,08 -0,01 520,1
Centro-Qeste -376,3 -638,9 -1,44 -2,45 260,7
BRASIL -723,8 -3613,1 -0,25 -1,25 2889,7
PIB Brasil 2008 = RS milhdes 2.889,72
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Outline

v The AUB-USP Study
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Downscaling of climate projections (local uncertainty)

Change Iin annual average surface air temperature
from 1860-1990 to 2070-2100 from HadCM2 1S92a
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A small country...
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... with strong regional disparities

d'exploitations
de plus de 4 ha

50 km

Exploitation de taille
supérieure a 4 ha (%)

Source : RGA 1999.

Beyrouth

Part du total des
établissements (%)
41

Saida -29
° ]
18
23123 M,
1752 g
_ 790 11
r -0 Hy

]
Nb. des établissements ] 0,5
industriels =

50 km

Source : recensement des immeubles

et établ s. ACS 1997.

Nombre

® d'établissements

° industriels de plus
de 20 salariés

— Source : ACS 1997.

Atlas du Liban, par Eric Verdeil, Ghaleb Faour et

Sébastien Velut
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... with strong regional disparities

w w

Zahleh

Beyrouth

Nombre de lits
par catégorie d'hotels

Nombre d'habitants

5 650 pour un commerce

_2700 [ 776

-1 800 | 123

. 5(2)8 :1<2) 288 L] 70 e Supermarchés libanais

3 400 [:J 48 e Supermarchés internationaux
Tyr I Hotels des catégories 4 et 5 ~ 950 = 36 - Limites d? caza
[T Hotels des catégories 1 a 3 ~ 9 26 /" Routes principales
Nombre
S0.km d'établissements
commerciaux

Source :
Lebanon 2004, Hotels Guide, Ministry of Tourism. Source : ACS 1996 ¢t 1997,

Source : www.pages .com,Ib. Relevé : D. Summer.

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

Department of Economics, University of Sao Paulo 27



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

Department of Economics, University of Sao Paulo 28



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?

“Physical” model “Economic” (CGE) model

Changes in all
Changes in primary factor

Climate variables productivity by technical
cCrops coeeficients in
agriculture

Department of Economics, University of Sao Paulo 29



The agriculture productivity models produce estimates of

productivity changes, by different crops

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_cerealsl 0.0078
(0.582)
p_fruitl 0.0386
(0.184)
p_olivel 2.2395
(0.109)
p_indusl -0.0020
. (0.009)
Yle ld . p_vegetl -0.1250
Li (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

+ &£
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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

U

2010-2030
Accumulated (%)
Mount Lebanon -5,72
Northern Lebanon -8,44
Bekaa -3,10
Southern Lebanon -9,66

Nabatieh -9,98

Department of Economics, University of Sao Paulo 31




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

2010-2030
Accumulated (%)
Mount Lebanon -5,72
] Northern Lebanon -8,44
Bekaa -3,10
Southern Lebanon -9,66
Nabatieh -9,98
N
“Physical” changes Shocks in CGE variables

Changes in productivity by crops |:> All-input-augmenting technical change in
agriculture (regional shocks)

Department of Economics, University of Sao Paulo 32



Differential results across sectors and regions, and over time

Economic growth (-)
Welfare (-)

Regional concentration (-)
Regional inequality (-)
Emigration (+)

Impacts are magnified over time

Department of Economics, University of Sao Paulo 33



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.

Department of Economics, University of Sao Paulo 34



Regional costs of GCC - Gross Regional Output

Regional impacts of productivity changes in agriculture due to CC on GRP
(% deviations from baseline)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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\ 090000000000
o000, N

N\ T

T
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Regional costs of GCC - Emigration

Systemic impacts of productivity changes in agriculture due to CC on regional
population (net migrants)

2010-2030
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%

Department of Economics, University of Sao Paulo 36



Outline

v' Next steps: overcoming limitations
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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)

o

Proporg&o do PIB estadual
Il renor que -5
S5a-4

4a-3

[ |0sa0
[ | impacto positivo

VariagZo bruta do PIB egtadual ( R$ bi de 2008)
Il menor do que -1000

I 1000 a -500

500 a -250

B 2502125

B 1258 625

[ 6252-31.25

3125a0
impacto positivo

Discount rate: 1%
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Quilbmetros
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Quilsmetros

RS bilhéies de 2008 Proporgdo do PIB Estadual PIB Estadual
AZ-BR B2-BR A2-BR B2-BR (RS hilh&es de 2008)

Rondbnia -12,0 -34,6 -0,73 -2,10 16,5
Acre -1,0 -6,9 -0,18 -1,20 5,8
Amazonas -25,2 -89,7 -0,57 -2,02 44,5
Roraima -5,0 -11,9 -1,18 -2,83 4,2
Para -30,7 -80,4 -0,54 -1,41 56,9
Amapa -0,9 -13,0 -0,16 -2,28 5,7
Tocantins -16,7 -31,1 -1,29 -2,40 13,0
Maranhdo -87.8 -119,5 -2,66 -3,63 330
Piaui -8,8 -40,7 -0,61 -2,80 14,5
Ceara -78,1 -146,2 -1,42 -2,66 55,0
Rio Grande do Norte -15,9 -50,5 -0,69 -2,18 23,1
Paraiba -28,7 -33,0 -1,31 -1,50 21,9
Pernambuco -41,0 -139,7 -0,64 -2,20 63,5
Alagoas -88,9 -95,1 -4,61 -4,93 19,3
Sergipe -7,7 16,8 -0,43 0,93 18,0

A i
Minas Gerais -155,1 -446,4 -0,55 -1,58 283,2

¥ O oarg =Laa,1 =10/,0 =190 =2,05 03,2
Rio de Janeiro 31,5 -229.8 0,10 -0,73 315,5
S&o Paulo -230,2 -1215,4 -0,25 -1,31 927,7
Parana 292,6 83,9 1,52 0,44 192,0
Santa Catarina 12,1 -158,0 0,10 -1,33 1191
Rio Grande do Sul 2584 70,6 1,24 0,34 209,0
Mato Grosso do Sul -58,8 92,1 -1,82 -2,86 32,3
Mato Grosso -295,1 -333,0 -5,03 -5,68 58,7
Goias -22,3 -117.6 -0,30 -1,57 74,7
Distrito Federal 0,0 -96,2 0,00 -1,01 95,1
Norte -91,6 -267,7 -0,63 -1,83 146,5
Nordeste -341,6 -653,7 -0,92 -1,75 372,8
Sudeste -477.4 -2049,3 -0,30 -1,29 1589,7
Sul 563,1 -3,5 1,08 -0,01 520,1
Centro-Qeste -376,3 -638,9 -1,44 -2,45 260,7
BRASIL -723,8 -3613,1 -0,25 -1,25 2889,7
PIB Brasil 2008 = RS milhdes 2.889,72
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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

Legenda:
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Economic Vulnerability to Climate Change*

Scenario A2-BR

Legenda:

0.557 - 0.642

0.642 - 0.732

0.732 - 0.866

0.866 - 0.943

0.943 - 1.048

1.048 - 1.108

1.108 - 1.264 .

- 1.264 - 1.419 Scenario B2-BR

B 1.419- 1.676
I 1676 -

Legenda:

0.557 - 0.642
0.642 - 0.732
0.732 - 0.866
0.866 - 0.943
0.943 - 1.048
1.048 - 1.108
1.108 - 1.264

[ 1.264 - 1.419
B 1.419- 1.676
B 1676 - 2.313

N

N

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

What are the economic costs of floods in Sao Paulo?

Haddad, E. A. and Teixeira, E. (2014). “"Economic Impacts of Natural Disasters in
Megacities: The Case of Floods in Sao Paulo, Brazil”, Habitat International, 45, p. 106-113
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Example of GIS-based influence area of flood points,
for different scenarios (50m, 100m, 150m, 200m)
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Estimated foregone income

Table 3

Estimated foregone (reweighted) labor income (in BRL thousand).

Impact radius

50 m 100 m 150 m 200 m
Primary 7.08 992 22.39 33.13
Manufacturing 45401 2,014.94 3,131.36 5,557.37
Utilities 673.48 1,444.4 1,795.81 2,146.47
Construction 185.72 589.96 1,034.77 1,778.95
Commerce 1,057.58 2,046.03 3,702.56 6,024.32
Transportation 663.62 948.01 1,483.51 1,933.59
Services 3,132.72 9,034.60 16,445.59 31,519.12
Public administration 300.43 1,354.86 15,233.56 16,317.47
TOTAL 6,474.63 17,442.72 42.849.55 65,31042
# of affected firms 8,577 19,784 35,896 57,938
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Direct and total GRP/GDP impact (in BRL million)

Table 5

Direct and total GRP/GDP impact (in BRL million).

Impact radius

50m 100m 150m 200 m
Direct loss
Sao Paulo City (SPC) 16.63 4354 883 14353
Total loss
Sao Paulo City (SPC) 40.08 94.38 150.34 248.55
Rest of SPMR (SPMR) 3.35 905 1272 19.66
Rest of Sao Paulo State (RSP) 9.14 21.04 3249 4986
Rest of Brazil (RB) 3995 93.72 15491 246.10
Brazil 92,52 218.19 35046 564.17
Intra-city total impact-damage ratio 2.4 2.2 1.7 1.7
Economy-wide total impact-damage ratio 5.6 5.0 4.0 39
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“Reaching the planners”: Hotspots 2012

Teixeira, Eliane (2013)
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Resiliency: Unexpected events

What are the economic costs of the 2006 War in Lebanon?
Methodological experimentation with alternative approaches to
assess the economic impacts of extreme events
Disasters impact analysis as an “inexact science”

Focus on the higher-order economic impacts associated
with direct damage

Uncertainty about key trade elasticities: qualitative sensitive

analysis to look at the potential range of the total costs under
different degrees of resiliency (both technological and spatial)
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Why assessing the impacts of bombing on Lebanon?

Characteristics of the 2006 War: destruction of capital stocks (vital
economic infrastructure as main targets)

Access to estimates of damage at the regional level (Council for
Development and Reconstruction)

Small territory with localized bombing provides an opportunity to
better understand resiliency at the spatial level

Parallel project to develop the first fully operational interregional
CGE model for Lebanon ("The ARZ Project”)

Up to recently, the economic impacts of conflicts received relatively
little attention from research communities

Interface of Regional Science and Peace Science
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Destruction of capital stocks (percentage change)

Beirut Mount Lebanon Northern Lebanon Bekaa South Lebanon Nabatieh

. = B

0,00 -~

-10,00

-20,00

-30,00

-40,00

% change

-50,00

-60,00

-70,00

-80,00

-90,00

B Agriculture B Energy ™ Manufacturing B Transport and communication B Administration

Department of Economics, University of Sao Paulo 53




Macro-regional effects (GDP/GRP effects)

Beirut -4.61
Mount Lebanon -2,44
Northern Lebanon  -2,05
Bekaa 2,21
South Lebanon -14,43
Nabatieh -50,15
LEBANON -6,26

Obs. In % change
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GDP - Lebanon
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Summary

Low degree of technological resilience (substitution of primary
inputs)

Spectrum of spatial resilience (substitution of suppliers)

Direct damage: USD million 1.105
Total damage: USD million 1.644 [1.138; 5.521]

Multiplier: 1,49 [1,03; 5,00]
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Total costs — USD million

Total costs (USD million)
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Interregional and international trade may serve as a
shock absorber

Higher degree of resilience
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Interregional and international trade may serve as a
shock absorber

Lower degree of resilience
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Renewed interest in the theme

Various recent (major) initiatives after this pioneering (ongoing) effort
in Brazil

Wide range of research opportunities
- REDE CLIMA (“intelligentsia”)

= “Instituto Nacional de Mudancas Climaticas” (Brazilian Model of
Climate Change)

- FAPESP
Focus on contributions to the debate on what Brazil should do about

climate change based on sound technical and economic analyses -
public policy
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Research agenda (Economics of Climate Change Network)

Issues: forecasting, unscheduled events (natural disasters), financing and
(regional) compensating schemes, modeling integration, downscaling

Goal: Brazilian Model of Climate Change
Task: From soft links to hard links

= Focus so far on high disaggregation and impact analysis (policy
evaluation versus policy optimization)

Starting point: accumulated experience in this first multidisciplinary project
+ international partnerships (state-of-the-art)

Spatial dynamic CGE model as the core of the integrated system

Partnership with other countries (e.g. interregional models for Colombia,
Ecuador, Azores, Lebanon, Austria, Chile)
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T’:

ehaddad@usp.br

WWW.UsSp.br/nereus
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