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What is special about CGE

Computable General Equilibrium

Multi-equation economic model.
Multiple sectors (commodities, activities).
GE: all markets (for each commodity, labour, capital, savings, etc.).
Micro-founded (derived from agents’ constrained optimization
problems).
Industries compete for mobile (or sluggishly moving) resources.
Circular flow in the national economy.
Most variables: quantities & (relative) prices.

Usual workflow with CGE:
1. Describe baseline equilibrium & calibrate elasticities.
2. Calibrate elasticities.
3. Define shock on an exogenous variables (% dev. from baseline)
4. Solve for changes of endogenous variables (% dev. from baseline)
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Software & technicalities

Software
Two leading options (both commercial):

1 GEMPACK (https://www.copsmodels.com/gempack.htm) – dominant
(i.e. most widely spread models written in its native language);
CGE-focused

1 a bundle of programs (for editing, solving, viewing data/results)
2 two versions: standalone or source (to work with Fortran compiler)
3 RunDynam: for recursive-dynamic models, sold separately

2 GAMS (https://www.gams.com) – not yet dominant, but trending up;
multi-purpose

Non-commercial options:

RunGTAP – demo version, based on GEMPACK (limited number of
models and variables per model; no model editing options), see
https://www.gtap.agecon.purdue.edu (download after free account
creation & login)
gEcon – https://gecon.r-forge.r-project.org
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GTAP: model & database

GTAP

Multiple sectors & regions
→

tremendous
Baseline calibration data
Many variables requirements

Global Trade Analysis Project
(https://www.gtap.agecon.purdue.edu) – data provider for
most CGE models worldwide
(last edition: 2014, 65 sectors, 141 regions).

Commercial access: GTAPAgg2 generates a database of
desired sectorial & regional aggregation.
Some demo databases (mostly ~10 sec. & ~3 reg.) freely
available with RunGTAP.
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Data: Social Accounting Matrix

Social Accounting Matrix (1)

To start with:

Source:
https://www.sciencedirect.com/topics/social-sciences/social-accounting-matrix
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Data: Social Accounting Matrix

Social Accounting Matrix (2)
When Commodities 6= Activities, Institutions = {Households,Government}, +
Capital, + Margins:

Source: Scott McDonald & Sherman Robinson & Karen Thierfelder (2007):
Globe: A SAM Based Global CGE Model using GTAP Data
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Data: Social Accounting Matrix

What is data used for?

Econometric models: to estimate parameters
DSGE models: nothing or to fine-tune parameter values
(Bayesian estimation)
Input-output models: to build (calibrate) Leontief matrix,
i.e. all parameters
CGE models:

to represent the baseline equilibrium (in values & levels)
to calibrate some parameters (baseline shares, ratios etc.)

e.g. Y = α0L
α1 , then use Y and L (jointly with calibrated α1)

to compute α0,
then with α0, α1 see what happens to Y when L rises
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Substitution and transformation

CES (1)
In CGEs, volume components (e.g. labour & capital, domestic & foreign commodity,
primary factors and materials, etc.) are not just added together, but aggregated with
some function. This function guides the model on what happens if one of the
components becomes more/less costly and/or more/less scarce.

Constant Elasticity of Substitution (CES) aggregator:

QVA =

(∑
e SVAeQFE

σ−1
σ

e

) σ
σ−1

(SVAe = QFEe ·PFEe∑
e QFEe ·PFEe

– updatable parameter, σ = ESUB∗ = elasticity of
substitution)

Source: Corong et al. (2017), The Standard GTAP Model, Version 7, Journal of
Global Economic Analysis, 2(1), pp. 1-119.
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Substitution and transformation

CES (2)

Source: Rybalka et al. (2018), https://www.researchgate.net/publication/328335194
_Evalua-
tion_of_the_regionally_differentiated_social_security_contributions_in_Norway
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Substitution and transformation

Special cases of CES

σ = 0: Leontief (components in constant proportions)
in GTAP e.g. commodities into industry-specific intermediate
use

σ = 1: Cobb-Douglas (1:1 replacement)
in GTAP e.g. commodities into final investment / government
demand
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Substitution and transformation

Household consumption aggregate

More complicated due to Engel’s law.
GTAP uses Constant Difference in Elasticities (CDE) aggregator.

Technical exposition:
https://www.gtap.agecon.purdue.edu/resources/download/291.pdf
Parameter matrices C × C (substitution) and C × 1 (income).

Similar logic, but analytically more transparent: Linear Expenditure
System (LES).
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Numeraire, Walras & slacks

Quantities, prices, values

Data expressed in VALUES (V = Q × P)
Model formulated in VOLUMES (Q) AND PRICES (P)

Assumptions
- All prices in baseline equilibrium = 1.
- One of them (numeraire) also = 1 in the newly simulated
equilibrium.
- Also some broad average can be appointed as numeraire (as
GTAP does).

This allows to simulate % changes in Q and P without much loss
of generality.
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Numeraire, Walras & slacks

Walras law

The sum of the values of excess demands across all markets must
equal zero, whether or not the economy is in a general equilibrium.

Implication: if all markets but one in equlibrium (D=S), the last
one in equilibrium as well.

CGE models have options of introducing excess demand or supply
in some markets using slack variables.

the standard choice is setting all slacks= 0 (as exogenous
variables)
when a slack variable 6= 0, there is no equilibrium in some
market
one special slack variable in GTAP related to the last market:
walraslack (endogenous, = 0 in general equilibrium)
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Linearization

Linearization
Model equations: linear or (usually) non-linear. The latter can be represented as linear
with: (i) non-constant coefficients, (ii) re-defined variables, and then solved at a
reasonable accuracy.

Action General rule Example

equation F (Y , L) = 0
Y = α0L

α1

Y − α0L
α1 = 0

differential ∂F
∂Y

(Y , L)∆Y + ∂F
∂L

(Y , L)∆L = 0 ∆Y −
α0α1L

α1−1∆L = 0

percentage
deviations...

Y ∂F
∂Y

(Y , L)
∆Y

Y
·100%︸ ︷︷ ︸
y

+

+L ∂F
∂L

(Y , L)
∆L

L
·100%︸ ︷︷ ︸
l

= 0 Yy − α0α1L
α1 l = 0

...level-dep.
coefficients

Y ∂F
∂Y

(Y , L)y + L ∂F
∂L

(Y , L)l = 0
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Closure

Closure

Our simple example Y y − α0α1L
α1 l = 0 has 2 variables and 1

equation. We could solve it:

for y, given l (y endogenous, l exogenous)
for l, given y (l endogenous, y exogenous)

In general, system has to be quadratic, i.e. # endogenous variables = #
equations.

With N variables and K equations, we have to select N − K variables as
exogenous.
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Closure

Closure

Source: Mateusz, an experienced CGE user from consulting industry.
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Solution

Solution: example (R code)
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Solution

Solution: Johansen vs Euler (R code)

Johansen Euler
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Setting up RunGTAP

Install RunGTAP.
Version > Change > UNCON3X3

This changes GTAP6.2 model to its uncondensed version. This
means that we can access and shock more variables (otherwise
skipped for numerical efficiency).

Version > New > Next > New Aggregation [Give name] &
Next > Locate ZIP archive [at the bottom & use the supplied
ZIP file & rest unchanged] & Next > FINISH

This provides data at a given sectorial and regional
aggregation. Some training datasets are provided (Version >
Change), e.g. for Burfisher’s handbook.
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Food VAT reduction in DE

Tax variables in GTAP

“naturally” exogenous in standard closures
naming convention: t*, e.g. indirect tax on household
consumption of domestic goods: tpd
CGEs extensively use the power of the tax notion:

tax base plus tax value
tax base

normally > 1 (when net taxes > 0, i.e. taxes > subsidies)
tx = shock to (i.e. % change in) the power of the tax x
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Food VAT reduction in DE

Tax variable shock (1)

Consider a policy of lower VAT for food in DE: 19%→ 16%. GTAP
data implies a higher effective indirect tax rate on top of producer’s
price, so let us lower that rate by 16%−19%

19% · 100% = −15.7895%,
for both domestic and imported goods.

Example: indirect tax, ProcFood, Germany
baseline (initial), ad valorem rate: 33.0811%
% change ad valorem rate: 16%−19%

19% · 100% = −15.7895%
target (final), ad valorem rate: 27.8577%

baseline (initial) power of the tax: 100+33.0811
100 = 1.330811

target (final) power of the tax: 100+27.8577
100 = 1.278577

% change power of the tax: 1.278577−1.330811
1.330811 · 100% = −3.9249%

Shock tpd("ProcFood","Germany") = -3.9249;
Andrzej Torój SGH Warsaw School of Economics | Institute of Econometrics
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Food VAT reduction in DE

Tax variable shock (2)

After shocking tpd, do the same to tpm to get:
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Food VAT reduction in DE

CGE story for Exercise 1

1 PM – market prices (% changes) – almost 0 for ProcFood, only contain taxes
on producers

2 View > TAB Files > Main Model > Ctrl+F: “tpd” (shocked variable), see l.
1081, 1087, 1092 > PPD, PPM are consumer prices

3 PPD on ProcFood – reduced
4 QO (output quantity) – up for ProcFood, up or down on other categories

(consumer substitution)
5 QXS (trade flow quantities) – 3D result, so we have to choose a “slice” to see a

table, pick “ProcFood”
1 imports to DE increase (PPM went down as well as PPD!)
2 flows from DE to DE increased! what should that mean? For

multi-country regions, this means trade between region members. For
Germany, just change 1 (Sim) (percentage changes) to 2 Pre or 3 Post
(pre- or post simulation levels) and re-open the view...

6 Aggregate assessment: qgdp (change in real GDP) and EV (= Equivalent
Variation = change in consumption with the same impact on welfare)
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CGE story for Exercise 1
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Food VAT reduction in DE

CGE story for Exercise 1
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Sanctions on Russian fuels

Changing closure (1)

Consider a policy of a ban on importing oil, gas & coal from Russia
in all Western regions: DE, EU ex. DE and North America.

Trade volume variable: qxs(com,ro,rd)
com: commodity
ro: region of origin
rd: region of destination

This variable is endogenous – cannot be just changed. We have to declare it as
exogenous, which requires replacing it with another variable of the same size in
the set of endogenous (and let it adjust accordingly).
Changing closure – most difficult part, involving deep understanding of the
model and underlying economic theory. For sanctions, two popular swap
variables to trade quantity qxs:

1 tms(com, ro, rd) – to reduce trade flow by a given %, increase tariff by a
necessary %

2 ams(com, ro, rd) - to reduce trade flow by a given %, deteriorate
transport technology by a necessary % to make the shipment melt like
an iceberg
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Sanctions on Russian fuels

Changing closure (2)

One can either edit the list of exogenous variables directly, or –
more conveniently and transparently – use the standard list
supplemented with swap statements.
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Sanctions on Russian fuels

Shocks to trade flow quantities (qxs)
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Sanctions on Russian fuels

CGE story for Ex. 2
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CGE story for Ex. 2
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Conclusion

Conclusion

Simulating a scenario in CGE:

starts with setting a selected (exogenous) variable at a given
level (tax hike, technology shift, etc.), usually at a sectorial
resolution;
accounts for all agents’ responses in the economy (GE);
takes some computational effort to solve the model (and hence
special software);
requires a critical review of elasticities and closure.

More:
Burfisher, M. (2011), Introduction to Computable General
Equilibrium Models, Cambridge University Press

Andrzej Torój SGH Warsaw School of Economics | Institute of Econometrics

CGE-GTAP 40 / 41



Introduction to CGE Economic building blocks CGE workflow Examples

Conclusion

Conclusion

Simulating a scenario in CGE:

starts with setting a selected (exogenous) variable at a given
level (tax hike, technology shift, etc.), usually at a sectorial
resolution;
accounts for all agents’ responses in the economy (GE);
takes some computational effort to solve the model (and hence
special software);
requires a critical review of elasticities and closure.

More:
Burfisher, M. (2011), Introduction to Computable General
Equilibrium Models, Cambridge University Press

Andrzej Torój SGH Warsaw School of Economics | Institute of Econometrics

CGE-GTAP 40 / 41



Introduction to CGE Economic building blocks CGE workflow Examples

Conclusion

Conclusion

Simulating a scenario in CGE:

starts with setting a selected (exogenous) variable at a given
level (tax hike, technology shift, etc.), usually at a sectorial
resolution;
accounts for all agents’ responses in the economy (GE);
takes some computational effort to solve the model (and hence
special software);
requires a critical review of elasticities and closure.

More:
Burfisher, M. (2011), Introduction to Computable General
Equilibrium Models, Cambridge University Press

Andrzej Torój SGH Warsaw School of Economics | Institute of Econometrics

CGE-GTAP 40 / 41



Introduction to CGE Economic building blocks CGE workflow Examples

Conclusion

Conclusion

Simulating a scenario in CGE:

starts with setting a selected (exogenous) variable at a given
level (tax hike, technology shift, etc.), usually at a sectorial
resolution;
accounts for all agents’ responses in the economy (GE);
takes some computational effort to solve the model (and hence
special software);
requires a critical review of elasticities and closure.

More:
Burfisher, M. (2011), Introduction to Computable General
Equilibrium Models, Cambridge University Press

Andrzej Torój SGH Warsaw School of Economics | Institute of Econometrics

CGE-GTAP 40 / 41



Introduction to CGE Economic building blocks CGE workflow Examples

Conclusion

Conclusion

Simulating a scenario in CGE:

starts with setting a selected (exogenous) variable at a given
level (tax hike, technology shift, etc.), usually at a sectorial
resolution;
accounts for all agents’ responses in the economy (GE);
takes some computational effort to solve the model (and hence
special software);
requires a critical review of elasticities and closure.

More:
Burfisher, M. (2011), Introduction to Computable General
Equilibrium Models, Cambridge University Press

Andrzej Torój SGH Warsaw School of Economics | Institute of Econometrics

CGE-GTAP 40 / 41



Introduction to CGE Economic building blocks CGE workflow Examples

Conclusion

Try this at home!

What if
(a) the same indirect tax decrease (on ProcFood) is harmonized
across EU?
(b) Western trade sanctions on Russia are extended to ProcFood,
and both ways (export and import)?

Thank You!
web.sgh.waw.pl/~atoroj
atoroj@sgh.waw.pl
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