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What is a CGE?

Computable, based on data

It has many sectors

And perhaps many regions, primary factors and households

A big database of matrices

Many, simultaneous, equations (hard to solve)

Prices guide demands by agents

Prices determined by supply and demand

Trade focus: elastic foreign demand and supply



3

General features of CGE models

CGE models include equations specifying:

 market-clearing conditions for commodities and primary 

factors

 producers' demands for produced inputs and primary 

factors

 final demands (investment, household, export and 

government)

 the relationship of prices to supply costs and taxes

 various macroeconomic variables and price indices

Neo-classical flavor

 demand equations consistent with optimizing behavior 

(cost minimization, utility maximization)

 competitive markets: producers price at marginal cost
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CGE simplifications

Not much dynamics (leads and lags)

An imposed structure of behavior, based on theory

Neoclassical assumptions (optimizing, competition)

Nesting (separability assumptions)

Why: time series data for huge matrices cannot be found

Theory and assumptions (partially) replace econometrics
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What is a CGE model good for?

Analyzing policies that affect different sectors in different ways

The effect of a policy on different:

 Sectors

 Regions

 Factors (Labor, Land, Capital)

 Household types

Policies (tariff or subsidies) that help one sector a lot, and 

harm all the rest a little
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What-if questions

What if productivity in agriculture increased 1%?

What if foreign demand for exports increased 5%?

What if consumer tastes shifted towards imported food?

What if CO2 emissions were taxed?

What if water became scarce?

A great number of exogenous variables (tax rates, 
endowments, technical coefficients)

Comparative static models: results show effect of policy shocks 
only, in terms of changes from initial equilibrium
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Comparative-static interpretation of results

 Employment

0 T

Change

A

years

B

C

Results refer to changes at some future point in time

Now 2022                                           simulation date 2024 (?)



8

Regional modeling

Intense interest in regional results

Policies which are good for nation but bad for one region may 

not be politically feasible

Assistance to one region may harm nation

Two approaches: Bottom-Up or Top-Down



9

The bottom-up approach

Simply add a regional subscript (or two) to each variable and data

1    reg National X(c,s,i) size 37 x 2 x 37 

32  reg BMMX ICGE X(c,s,i,r) size 37 x 33 x 37 x 32 

Database has grown by factor of [33/2]*32 = 528

Number of variables also 528 times bigger

Solve time and memory needs move with SQUARE of model size

(so model needs 280,000 times as much memory and takes 280,000 
times longer to solve)

33 sources 32 locations

2 sources
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Stylized GE model: input-output flows

Primary Inputs

Final Demand

Domestic Goods

Output Capital Households Government

Imported 

Goods

Are demanded from:

Are Supplied to:

Domestic 

Inputs
Labor Capital

Imported 

Inputs
Land

Exports

Department of Economics, University of Sao Paulo
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Input-output table

Produtos domésticos

Produção

corrente

Produtos

importados

São demandantes de:

São ofertados para:

Insumos

domésticos

Insumos

importados

Insumos primários

Trabalho Capital Terra

Demanda Final

Formação

de capital

Consumo

das famílias

Governo e out.

demandas
Exportações

Demanda

Final

Final

Demand

Sales Taxes

Imports Imports

Value Added

Intermediate

Consumption
Total

Outp.

Total Output

The Input-Output Matrix

Sector j
Exports

Households

Government

Investments

Stocks

Selling
Buying

Sales Taxes

Buyng Sectors

Selling

Sectors

Imports

Comp. Emp.

GOS

Sector i

Sector j

Sector i

Department of Economics, University of Sao Paulo
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Input-output network in Paraguay 

Department of Economics, University of Sao Paulo
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Interregional IO models

Buying Sectors

Region L

Selling sectors

Region L
Interindustry Inputs

LL

Sales Taxes

Value Added

Total Output   L

Imports from the World M

Buying Sectors

Region M

Sales Taxes

Value Added

Total Output   M

Interindustry Inputs
LM

Interindustry Inputs
ML

Interindustry Inputs
MM

Selling sectors

Region M

FD
LL

FD
ML

FD
LM

FD
MM

TO
L

TO
M

M

T T

M

T

Imports from the World

Department of Economics, University of Sao Paulo
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Interregional IO models
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Department of Economics, University of Sao Paulo
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Examples of international applications: Azores, Angola, 
Brazil, Chile, Colombia, Egypt, Ecuador, Greece, Iraq, 
Lebanon, Morocco, Mexico, Paraguay, Saudi Arabia
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What should we know?

How microeconomic theory – cost-minimizing, utility-

maximizing – underlies the equations

The use of nested production and utility functions

How input-output data is used in equations

How model equations are represented in percent change form

How choice of exogenous variables makes model more flexible

[How GEMPACK is used to solve the BMMX model]

CGE models mostly similar, so skills will transfer
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CGE models – Definition 

Numerical Structure

Database

“Picture of the Economy”

Analytical and Functional 
Structures

Functioning Mechanisms of 
the Economy
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Nested structures in CGE models

In each industry: Output = function of inputs:

output = F (inputs) =  F (Labor, Capital, Land, dom. goods, imp. goods)

Separability assumptions simplify the production structure:

output = F (primary factor composite, composite goods)

where: primary factor composite = CES (Labor, Capital, Land)

labor = CES (Various skill grades)

composite good (i) = CES (domestic good (i), imported good (i))

All industries share common production structure

BUT: Input proportions and behavioral parameters vary

Nesting is like staged decisions:

First decide how much leather to use – based on output

Then decide import/domestic proportions, depending on the relative prices of 

local and foreign leather

Each nest requires 2 or 3 equations
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Inputs to production:
Nests (example)

skill nest

primary factor nest

top nest

Armington nest

KEY

Inputs or

Outputs

Functional

Form

CES

CES

Leontief

CESCES

up to
Labour

type O

Labour

type 2

Labour

type 1

CapitalLabourLand

'Other

Costs'

Primary

Factors

Imported

Good G

Domestic

Good G

Imported

Good 1

Domestic

Good 1

Good GGood 1

Activity 

Level

Work 

upwards
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Example 1: CES skill substitution

X=15

X=10

Skilled
Xs

Cost=$9

A

B

C

R

Cost=$6
UnSkilled

Xu

Xa = Xs
a + Xu

a

0 < a < 1
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Effect of price change

X=10

Skilled
Xs

Unskilled Xu

PR1

A

B

PR2

Unskilled wages
fall relative to
skilled wages

A B
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Example 2: Substitution between domestic and 
imported sources

KEY

Inputs or

Outputs

Functional

Form

CESCES

up to

Imported

Good C

Domestic

Good C

Imported

Good 1

Domestic

Good 1

Good CGood 1

Armington hypothesis:

CES aggregation for 
different sources

Good-specific parameters

Same structure for all
users



23

Numerical example

p = Sdpd + Smpm average price of manufactures dom. e imp.

xd = x - σ(pd - p) demand for domestic manufactures

xm = x - σ(pm - p) demand for imported manufactures

Let pm= - 10%; x = pd = 0; Sm= 0.3 and σ = 2

Then, cheaper imports imply:

p=-0.3(-10%) =-3% decrease in the average price of imp. mnf.

xd=-2[0-( -3%)]=-6%  decrease in domestic demand

xm=-2[-10%–(-3%)]=14%  increase in import volume

Effects on domestic sales are proportional to Sm e σ
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Johansen models

Class of general equilibrium models in which a equilibrium is a 

vector V, of length n satisfying a system of equations

(1)

where F is a vector function of length m

We assume that F is differentiable and that the number of 

variables, n, exceeds the number of equations m

Johansen’s approach is to derive from (1) a system of linear 

equations in which the variables are changes, percentage 

changes or changes in the logarithms of the components of V

 F V  0
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Illustrative computations

We will assume that the system (1) consists of 2 equations and 

3 variables and has the form

V1 and V2 (endogenous); V3 (exogenous)
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Illustrative computations (cont.)

Initial solution:

What is the effects on V1 and V2 of a shift in V3 from 1 to 1.1?

Johansen approach:

 Complexity and size of the system (1) normally rule out 

the possibility of deriving from it explicitly solution 

equations

 Solve a linearized version of (1)

)1 ,1 ,1(),,( 321  IIII VVVV

0465.1

9535.0

2

1





V

V



27

Step by step

Derive from (1) a differential form

(2)

v is usually interpreted as showing percentage changes or 

changes in the logarithms of the variables V

Johansen-style computations make use of a initial solution, VI, 

with results being reported usually as percentage deviations 

from this initial solution

0)( vVA

)model"("matrix  fixed     )()( IVAVA 
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Step by step (cont.)

Derivation of (2) is by total differentiation of (1)

Se V = VI,

(3) 

0
0     1       1   

   0   2

3

2

12

131 


























dV

dV

dV
VVV

0
0   1    1

1   0   2

3

2

1




























dV

dV

dV

0)( vVA I
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Step by step (cont.)

On choosing variable 3 to be exogenous:

(4)

(5)

(6)a

aa

aa

vVBv

dV
dV

dV

vVAVAv

dV
dV

dV

vVAvVA

dV
dV

dV

I

II

II

)(

5.0 

5.0

)()(

0

1

1    1

0   2

0)()(

0
0

1

1    1

0   2

3
2

1

1

3

1

2

1

3
2

1
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Any difference?

Before: V3    10%      V1    4.65%, V2   4.65% 

Now: V3    10%      V1     5%, V2    5% 

Differences are due to linearization errors…

The operations give us the values of the derivatives or 

elasticities only for the initial values, VI, of the variables

When we move away from VI, the derivatives or elasticities will 

change

In percentage change form:





3
2

1

3

1

2

1

5.0 

5.0

0

1

0.5    0.5

0       2 

v
v
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v
v
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Linearization error

YJ is Johansen estimate

Error is proportionately less for smaller changes

Y
1 step

Exact

X
X0 X

Y0

Y
exact

F

YJ

dX

dY
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Breaking large changes in X into a number of 
steps

Multi-step process to reduce linearization error

Y
1 step

3 step

Exact

X
X0 X1 X

2
X3

Y0

Y1

Y3

Y
exact

Y2

X
F

YJ
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Extrapolating from Johansen and Euler 
approximations

The error follows a rule (arbitrary polynomial approximation of 

continuous function)

Use results from 3 approximate solutions to estimate exact 

solution + error bound

Method y Error
Johansen (1-step) 150% 50%
Euler 2-step 125% 25%

Euler 4-step 112.3% 12.3%

Euler -step (exact) 100% 0
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Summary

1. We start with the model’s equations represented in their levels 

form

2. The equations are linearized: take total differential of each 

equation

3. Total differential expressions converted to (mostly) % change 

form

4. Linear equations evaluated at initial solution to the levels model

5. Exogenous variables chosen; model then solved for movements 

in endogenous variables, given user-specified values for exogenous 

variables
But, a problem: linearization error

Multi-step, extrapolation



Dealing with uncertainty

behavioral parameters 

and structural coefficients 

35

Numerical Structure

Database

“Picture of the Economy”

Analytical and Functional 
Structures

Functioning Mechanisms of 
the Economy



Dealing with uncertainty

CGE models have been frequently criticized for resting on weak 

empirical foundations

It is not always easy to find empirical estimates of key 

parameters, such as substitution elasticities, in the literature.  

If there is a considerable uncertainty surrounding the “right” 

parameters, and these are key elements in the CGE results, a 

consistent procedure in their evaluation is imperative

The problem in CGE models is compounded by the presence of 

a variety of parameters, some estimated with known 

probability distributions, others with no known distributions 

combined with input-output/SAM data that are provided as 

point estimates
36



Sensitivity analysis in CGE models

If a consistent econometric estimation for key parameters in a 

CGE model study is not possible, the effort should be directed 

to tests of the uncertainty surrounding these parameters in 

terms of their impact on the model

Estimate policy results based on different qualitative sets of 

values for the behavioral parameters and structural coefficients

Through the judgment of the modeler, a range of alternative 

combinations reflecting differential structural hypotheses for 

the regional economies can be used to achieve a range of 

results for a policy simulation

37



Systematic sensitivity analysis in CGE models

Problem of numerical integration:

CGE model: 𝐹 𝑣, 𝑎 = 0

Solution vector: 𝑣∗(𝑎) ≡ 𝐻(𝑎)

Mean: 𝐸[𝐻 𝑎) =  Ω 𝐻(𝑎)𝑔 𝑎 𝑑𝑎

Variance:

𝐸 𝐻 𝑎 − 𝐸 𝐻 𝑎 2 =  
Ω

𝐻 𝑎 − 𝐸 𝐻 𝑎 2𝑔 𝑎 𝑑𝑎

38



Systematic sensitivity analysis in CGE models

Problem of numerical integration:

 𝑎
𝑏
𝑓(𝑥)𝑔 𝑥 𝑑𝑥  𝑗=1

𝐽
𝑤𝑗  𝑎

𝑏 𝑓(𝑥𝑗)

Monte Carlo: J random numbers generated from 𝑔 𝑥 , 
in the interval [a,b], integrating J times with the 

weights𝑤𝑗=1/J

39

Numerical approximation



Sensitivity analysis in CGE models

𝐹 𝑉 = 0

𝐴 𝑉 𝑣 = 0

𝐴 𝑉𝐼 𝑣 = 𝐴𝛼 𝑉
𝐼 𝑣𝛼 + 𝐴𝛽 𝑉

𝐼 𝑣𝛽 = 0

𝑣𝛼 = −𝐴 𝑉
𝐼 −1𝐴𝛽 𝑉

𝐼 𝑣𝛽

𝑣𝛼 = 𝐵 𝑉
𝐼 𝑣𝛽

40



Sensitivity analysis in CGE models

𝑣𝛼1
…
𝑣𝛼𝑚

=

𝐵11 … 𝐵1(𝑛−𝑚)
… … …
𝐵𝑚1 … 𝐵𝑚(𝑛−𝑚)

𝑣𝛽1
…
𝑣𝛽𝑚

𝑣𝛼1
…
𝑣𝛼𝑚

=
𝐵11
…
𝐵𝑚1

𝑣𝛽1 +
𝐵12
…
𝐵𝑚2

𝑣𝛽2 +⋯+

𝐵1 𝑛−𝑚
…

𝐵𝑚 𝑛−𝑚

𝑣𝛽 𝑚−𝑛

 𝑣𝛼 =  𝐵 𝑣𝛽 or
 𝑣𝛼1
…
 𝑣𝛼𝑘

=

 𝐵11
…
 𝐵𝑘1

 𝑣𝛽1 +

 𝐵12
…
 𝐵𝑘2

 𝑣𝛽2 +⋯+

 𝐵1𝑗
…
 𝐵𝑘𝑗

 𝑣𝛽𝑗

 𝑣𝛽
∗ = 𝑎𝑟𝑔𝑚𝑖𝑛

( 𝑣𝛼 − 𝑡)
2

𝑡2
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Applications of CGE models for impact assessment of 
natural and man-made disasters
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1. Insights from integrated assessment modeling 
experiences
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Costs (benefits) of GCC

2008 2035 2050

SMCG – without GCC

CMCG – with GCC

Costs over time
(PV of differences – marginal flows)

44



2. Sectoral-specific shocks

45
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Physical changes translated into shocks in the spatial CGE 
system

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

Department of Economics, University of Sao Paulo
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Differential results across sectors and regions, and over time

Department of Economics, University of Sao Paulo
Economic growth (-) / Welfare (-) / Regional concentration (-) / Regional inequality (-) / 
Emigration (+) / Impacts are magnified over time
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3. Linkages matter 

Distribution of impacts depend on the degree of linkage 

within and leakage from the regional economy
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Regions within countries put pressure on the demand for 
natural resources 

Department of Economics, University of Sao Paulo
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Trade in water in Morocco
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Domestic and international production chains and pressure 
on natural resources: Brazilian Amazon

Trade in value-added

Trade in CO2

emissions

S
o
u
rc

e
 o

f 
d
e
m

a
n
d
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4. Use of expert-models in integrated frameworks improve 
simulations design (Rocha, 2022) 

 Irregular water supply resulting 

from climate change brings 

limitations and risks to several 

economic and social activities

- irrigated crops

- livestock

- forest production

- fishing

- tourism

- hydroelectric power generation

- industrial production

- water distribution and sewage

Climate
change

Water
availability

Economic
impacts
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How will Brazilian hydrographic regions and economic sectors 
be affected and adapt to change in water availability?

Climate change, 
water availability
and cost of water

Price elasticity
of water demand

Climate change, 
water resources
and economic

impacts

Availabililty and
consumption of
water resources

Brazilian hydrographic 
regions data

Brazilian Environmental-
Economic Accounting for 

Water

Hydroclimatic model
(SW=P-E)

Climate data
(historical and future)

Water cost change
(SABESP financial report)

Water consumption data

Key-parameters

Shock

Water demand and price
(econometric model – GMM)

Impacts on GDP 
(macro and regional)

Water save

Capital for save water
(adaptation)

Impacts on activity level 
(sector and region)

ICGE model
(data, equations, and 
shock mechanisms)
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Understanding the analytical structure of the CGE model 
allows to identify the main adjustment mechanisms 

Channel 1 represents an 
adaptation by increasing the 

water price. In other words, with 
the changes in water availability, 
it will be necessary to adjust the 
price of water in order to adapt 

demand to the new reality. 

Channel 2 represents a productive 
adaptation in which the primary 
factors raw water and capital can 
be replaced (this is limited by the 

dependence of the economic sector 
on the water input).
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Impacts on GDP, by hydrographic region

Impacts on regional GDP and 
sectoral activity level.  

Green icons represent low impact of 
climate change (positive or small 
negative values), yellow icons 

represent medium impact (negative 
values), and red icons represent 
high impacts (negative values). 

Hydrographic regions located in the 
semi-arid Northeast and their 

neighbors, PNB, AOR, ALT, and AOC, 
are mainly affected.  
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Impacts on water demand and capital used for saving water, 
by hydrographic region, long-run

Green icons indicate large reduction 
in water demand due to climate 

change and increased use of capital to 
save water, yellow icons indicate 
medium impact on water demand 

reduction and capital purchase to save 
water, and red icons indicate low 

capacity to reduce demand 
(sometimes even increases water 

consumption) and purchase of capital. 

PRN, PRG and PNB have a high 
capacity to reduce water demand, 

whether due to economic scale (PRN 
case) or due to the impact of climate 
change (PNB and PRG). Agriculture, 
livestock and forestry sectors play an 

important role in this change. 

Capital for save water: PNB and PRG are 
expected to see the biggest changes in 
these inversions. On the other hand, 
ASU and URU are expected to spend 

less on this adaptation. 
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5. Economic effects are not only local – economic impacts 
spread through production and income linkages

What are the economic costs of floods in São Paulo?

Haddad, E. A. and Teixeira, E. (2015). “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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Example of GIS-based influence area of flood points, 
for different scenarios (50m, 100m, 150m, 200m)
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Case study: São Paulo, 2008

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) – confirmed by 

surveys in affected areas

 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 (shift in the production frontier)

What if floods had not occurred in 2008? 

What would have been the difference in terms of regional output?

Estimated foregone (reweighted) labor income (in BRL thousand)
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Loss in space – spatial spillovers 

Direct and total GRP/GDP impact (in BRL million)
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Reaching the planner: Hotspots 2008

Source: Teixeira and Haddad (2014)
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6. Total costs will depend on the degree of resiliency of the 
economic system

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 resilience (both technological and spatial)
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Destruction of capital stocks (percentage change)
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Summary of results

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]

Department of Economics, University of Sao Paulo 66
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GDP – Lebanon
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Total costs – USD million
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Multiplier
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Interregional and international trade may serve as a 
shock absorber 

Higher degree of resilience Lower degree of resilience 
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What if the São Paulo subway system did not exist?
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The integrated modeling framework

O-D Database
Transportation 

Network

Accessibility 
Index

Commuting 
Time

Personal 
Characteristics

Urban 
Structure

Sectoral Mix

Productivity CGE Model
Systemic 
Effects 

Other Effects

Employment 
by Sector

Change in the 
Network

Travel demand model

Spatial CGE modelProductivity model

Calibration stage

Simulation stage
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Input-output relations embedded in the SCGE model

Place of production Place of residence Place of consumption

Intermediate consumption 
Value added
Gross output

Activities

Intermediate consumption 
Value added
Gross output

Factors of production

Earned labor income
Other earned income
Taxes and transfers

Households, firms and government

Intermediate consumption
Household consumption

Other final demand

Activities, households, firms and govt.

Local demand
Interregional and 

international imports

Commodities

Local production
Interregional exports

Commodities



Production function of sector j in municipality r
(nested CES)
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Output

Intermediate 
inputs

Domestic

Region 1 Region n

Imported

Primary 
factors

Capital Labor

Region 1 Region n

Place of production Place of residence



Causal relations underlying the system of equations of 
the SCGE model
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Decrease in labor productivity Increase in labor requirement per unit of output

Increase the price of composite goods Demand for labor increases

Decrease (increase) real regional income: 

firms, investors, households

Pressure on labor prices to increase (output more 

labor-intensive)

Prices decline (increase) Prices increase

Firms: less (more) competitive          

Investors: potential lower (higher) returns 

Households: "poorer" ("richer")

Excees demand of labor

Lower (higher) domestic demand        

Lower (higher) external demand

Lower (higher) output by firms

Lower (higher) demand for primary factors

Pressure on primary factor prices to 

decrease (increase)
Increase price of labor
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Direct and total GRP/GDP impact (in BRL million)

Extraction BRT

Direct (place of work)

São Paulo City (SPC) 3358.0 1954.2 1403.8

Rest of SPMR (SPMR) 838.5 633.2 205.3

Total

São Paulo City (SPC) 6154.7 3860.1 2294.6

Rest of SPMR (SPMR) 2172.0 1663.4 508.6

Rest of São Paulo State (RSP) 2296.8 1546.2 750.5

Rest of Brazil (RB) 8701.8 5836.0 2865.80.0

Brazil 19325.3 12905.7 6419.6

Intra-city multiplier 1.8 2.0 1.6

Economy-wide mutliplier 4.6 5.0 4.0

Simulation
Difference

Capital costs per route-
kilometer = 

BRL 400 million
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GRP gains in the RMSP municipalities “Extraction”
(in BRL 2008)
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8. Traffic data help understanding localized 
impacts of unexpected events

How do temporary disruption events affect cities?

Measure hourly congestion in São Paulo Metropolitan 

Region (SPMR) using information from Uber Movement

 Average travel time (OD pairs)

 Different levels of aggregation 

(space and time)

 Free flow approach



Travel Time Index (TTI)

𝑖𝑜𝑑𝑝 =
𝑡𝑜𝑑𝑝

𝑡𝑜𝑑
∗ − 1 

iodp : TTI of trips made between TZs o and d during period p (odp)

todp: observed travel time (odp)

t*od: free-flow travel time (odp)



Interpreting the TTI

• Average TTI on weekdays: 41.2%

• Individuals traveling by car (OD): 3.62 million

• Total time spent on these trips : 5.47 million hours

• Time that would be spent under
free flow: 3.87 million hours

• Time lost due to congestion: 1.6 million hours/day
26.4 minute per capita

• Time gained with the 2016 180,000 hours/day
congestion reduction: 3 minute per capita
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TTI Application

Department of Economics, University of Sao Paulo

Analyzing the impact of different events of traffic congestion

• Rainy days;

• A national truck drivers’ strike between May 21 to May 31, 2018;

• The 2018 FIFA World Cup (especially when the Brazilian national team 

was playing);

• School holidays;

• The closing of part of Marginal Pinheiros due to the collapse of a bridge 

(Nov. 15, 2018).
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TTI Application

Department of Economics, University of Sao Paulo

Analyzing the impact of different events of traffic congestion

𝐶𝑡 = 𝛼𝑡 + 𝛿𝑡 + 𝛽𝑅𝑡 + 𝜎𝑆𝑡 + 𝛾𝑊𝑡 + 𝛾𝑊𝐵𝑡 + 𝜂𝐻𝑡 + 𝜃𝐸𝑡 + ζS𝐻𝑡 + 𝜔𝑡tt + 휀𝑡  (5) 

 
𝐶𝑡 : the congestion index C in the MRSP during each date t; 

𝛼𝑡 : a vector of year specific intercepts; 

𝛿𝑡 : a vector of fixed effects associated with each day of the week (Mon, Tue, ...); 

𝑅𝑡 : a dummy variable indicating days with more than 0.1mm of accumulated rain in the RMSP; 

𝑆𝑡 : a dummy indicating the dates of the truck drivers’ strike (May 21-31, 2018); 

𝑊𝑡 : the 2018 FIFA World Cup dates (06/14/2013-07/15/2018) 

𝑊𝐵𝑡: The Brazilian National team games during the World Cup; 

𝐻𝑡 : holidays; 

𝐸𝑡 : holiday bridges;1 

S𝐻𝑡 : school holidays (winter and summer); 

𝜔𝑡 : year specific linear time trends. 

                                                 

1 Holiday bridges occur on Mondays when Tuesdays are holidays, and Fridays when Thursdays are holidays. 
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TTI Application
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Economic cost of time (CGE estimates)

Fonte: Haddad, E. A. e Vieira, R. S. (2015). Mobilidade, Acessibilidade e Produtividade: 
Nota sobre a Valoração Econômica do Tempo de Viagem na Região Metropolitana de São 
Paulo. Revista de Economia Contemporânea, v. 19, n. 3, pp. 343-365.
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“Quick” impact assessment

Example: Trips between Alto de Pinheiros (O) and Tamboré (D)
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Example: Working day versus Holiday

Department of Economics, University of Sao Paulo

Working day Holiday



87

Example: Working day versus Holiday

Department of Economics, University of Sao Paulo

Working day Holiday
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Example: Working day versus Holiday

Department of Economics, University of Sao Paulo

Working day Holiday
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9. Never forget about uncertainty on the numerical 
structure of the model

ICGE Model

Interregional IO 

System

Econometric 

Model
Climate Data

Agricultural 

Data

Climate Models

Results



The snowball effect of uncertainty 
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Interregional CGE Model for Paraguay



92

Accumulated productivity changes in the agriculture sector 
due to climate change: Paraguayan regions, 2010-2100

Econometric estimates of crop yield models

+ Climate scenarios

+ Regional distribution of crops in Paraguay

Department of Economics, University of Sao Paulo
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Introducing uncertainty

Department of Economics, University of Sao Paulo
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Regional shocks

Department of Economics, University of Sao Paulo
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Regional equity-efficiency trade-off

Department of Economics, University of Sao Paulo
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Regional equity-efficiency trade-off

Department of Economics, University of Sao Paulo
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Real GRP

Department of Economics, University of Sao Paulo



10. More on linkages: analytically important structural 
links

Disequilibrium-based methods depart from disturbances in the 

existing system to generate a new equilibrium comparable to 

the original one

Under the field of influence approach:

 Small coefficient changes in order to assess how 

“influential” a coefficient or a set of coefficients is to the 

system as a whole

 For known structural changes, one might be interested 

in assessing the impacts of given functional changes 
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Application to transportation links

In order to address the issue of identification of the 

analytically most important structural links in generating 

CGE model outcomes for the case where a CGE model has 

been linked with a network-based transportation system, 

we proceed with a thorough decomposition of the results of 

simulations that considers the role played by various small 

changes in specific transportation costs

These incremental changes are associated with (a group of) 

coefficient changes computed from the information 

contained in the initial solution, V*
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Application to transportation links
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Application to transportation links
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11. State-of-the-art
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