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Introduction to CGE Modelling

CGE modelling 1is a challenging field. It requires mastery of
economic theorya. meticulous preparation of data and familiarity
with underlying accounting conventionsa. knowledge of econometric
methods - and an understanding of solution algorithms and
associated software for solving large equation systems. Howevera
the most important requirement 1s the ability to communicate. (GE
modelling is primarily about shedding light on real-world policy
issues. For (GE analyses to be influentiala. modelers must explain
their results in a way that 1s comprehensible and convincing to
their fellow economists-. and eventually to policy makers-.

While CGE modelling is challenging. 1t 1s also rewarding. (GE
models are used 1in almost every part of the world to generate
insights into the effects of policies and other shocks 1in the
areas of trade. taxationa public expenditurea. social securitya
demography-. immigrationa. technology. labor marketsa. environment-
resourcesa- infrastructure and major-project expendituresa
disastersa and financial crises. C(GE modelling 1is the only
practical way of quantifying these effects on industries-
occupations. regions and socioeconomic groups-
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What 1s UPGEM?

Large-scale dynamic economic model designed to
provide quantitative estimates of the economy-wide
effects of policy proposals

The UPGEM database-. 1n combination with the model’s
rigorous theoretical specification. describes the
main real inter-linkages in the South African
economy

The theory of the model i1s then. essentially. a set
of equations that describe how the values in the
database move through time and move in response to
any given policy shock

CGE models such as UPGEM represent a significant
improvement over input-output models by allowing
for price-induced behaviour and resource
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Absorption Matrix (Use Table)
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UPGEM Emissions Database

The energy and emissions database linked to the
model™s core economic database implies the input-
output-emissions relationship for each industry
in the model

The energy and emissions inventory for UPGEM 1is
based on Blignaut et al. (2005) and Seymore et
al. (2014) and was developed using emission
factors from various South African sourcess
including DEA- which are in line IPCC default
factors

Fugitive emissions were not captured in the
database



UPGEM Theoretical Structure

The theoretical structure of UPGEM is based on the
well-documented MONASH model developed by the
Centre of Policy Studies

Industries minimise costs subject to i1nput prices
and a constant returns to scale production function

Households maximise a Klein-Rubin utility function
subject to their budget constraint

New industry-specific capital are constructed as
cost-minimising combinations of domestic and
imported commodities

Export demand is inversely related to the foreign-
currency price

Government demand and the details of direct and



UPGEM Theoretical Structure

In policy simulations. the labour market follows a
lagged adjustment path where wage rates respond
over time to gaps between demand and supply for
labour across each of the different occupation
groups

Disequilibrium in the labour market over the short
to medium term 1s therefore allowed

Capital accumulation is specified separately for
each industry and linked to industry-specific net
investment in the preceding periodi investment 1in
each industry 1is positively related to its EROR

Fiscal account dynamics relates public sector debt
to debt incurred during a particular year and
interest payments on previous debti adjustments to
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UPGEM Production Structure

Industry output in
modified UPGEM

Leontief
Intermediate Intermediate Electricity Composite
composite good 1 composite good n composite primary factors
t t 1 t
CES CES CES
Domestic Imported Domestic Imported Capital 1y Land
good 1 good 1 goodn good n — sbour an
I CES
EES f
Functional
form I I
Labour up to Labour
Qutput or . ) type 1 P type 11
input Generation Generation
type 1 type 8

Industries in UPGEM
combine various
intermediate composite
goodsa an electricity
composite good and a
primary factor composite
in fixed proportion

For each top-level
composite in the
production recipe. CES
sub-nests allow price
induced substitution
between imported and
domestic versions of each
good. electricity
generation types. primary
factors and labour types

The electricity composite
sub-nest distinguishes
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UPGEM Simulation Basics

Our aim was to isolate and measure the impact of
introducing the proposed carbon tax policy on the
economy

A good way to do this 1s to compute the

dif ferences between a scenario in which the tax
was imposed - the policy simulation - and a
counterfactual business-as-usual scenario in which
the tax did not occur - the baseline scenario

Results are then reported as percentage change
deviations over time between the first ‘baseline’
run and the second “policy® run

Great care must be taken in converting policy run
results to their levels values as they are
sensitive to baseline forecast assumptions



Key Assumptions: Baselilne

Main baseline scenario based on available
projections (in 2014) for selected macroeconomic
variables up to 2030

Alternative baseline scenario accounts for recent
economic slowdown

Due to endogeneity concerns. we did not make any
explicit assumption or projection regarding
potential changes to the electricity generation-
mix 1n the baseline

We also did not make any explicit assumptions
regarding technical change or efficiency gains of
clean technologies relative to fossil fuel based
sources in the electricity generation-mix

These assumptions dictate that the electricity



Key Assumptions: Baselilne

In principles two key variables determine the level
of emissions projected in the baseline: how much we
will produce (GDP). and at what level of technology
and efficiency

Given the assumptions imposed on the baseline
forecast- emissions grow in line with projected
GDP-. which explains why the main baseline scenario
generates such high emissions growth over the
forecast period (see figure 1)

The most consequential assumption we make in the
baseline-s in terms of 1ts impact on the policy
results (both in %A deviation and levels terms). 1is
that we do not allow renewable technologies to
become cheaper or more efficient over time



Key Assumptions: Policy
Closure

Variables that we believe will not be directly
influenced as a result of the policy shock are set
as exogenous. that is- they do not deviate from
their baseline path despite the introduction of
the carbon tax

Naturally exogenous variables in the policy run
typically include technical change variables. tax
rates-. shift variables such as the positions of
foreign export demand curves. and variables that
force certain economic relationships or behaviours
to hold in the long-run

The policy shock must be applied to an appropriate
exogenous variable as identified in the simulation
design phase based on the policy brief. in this
case a tax on specific carbon-emitting energy
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Tax Policy Design

All policy scenarios modelled are based on a carbon
tax of R120/tC0, equiv. (before any exemptions)
being imposed on all industries that use three
specific fuel inputs - coal. gas and petroleum

The k0% to 70% tax-free allowance. which includes
the basic and trade-exposure exemptionsa was
modelled

Performance offset and carbon budget allowances
were not modelled

Different closure settings were used to control how
the tax revenue was recycled back into the economy-
with various recycling schemes tested



Tax Policy Design

The T2 scenario captures all the main tax design
elements in the Carbon Tax Policy Paper with
gradual removal of tax-free allowances from 2021
but exemption for the agricultural sector
maintained throughout

The Rl recycling scheme broadly targets
industries/production via an output-based rebate-
whilst other schemes (R2 to R5) focus more
narrowly on households and renewable energy
producers. with expected results

By looking at selected policy resultshs
particularly for the TE2RY4 scenario- the role of
certain modelling assumption can further be
highlighted and interrogated



Results: Emission Reductions

FIGURE 1. In scenario T2R1, emissions in 2035 are expected to be 33 percent lower in 2035 than
under the baseline assumptions
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Results: GDP Growth

FIGURE 2. In the context of the expected growth of the economy, the impact of the carbon tax is
small (T2R1 scenario)
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Results: Consumption

FIGURE 3. Household consumption and employment deviations are in line with GDP impact
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Note: The two employment projections overlap almost completely, with a difference of 1.4 percentage points by 2035.



Results:

Industry Output

FIGURE 4. The impact of the tax, in terms of expected change in output in 2035 relative to the
baseline, is small for most sectors
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Results: Exports

FIGURE 5. There are as many key export sectors that see an increase in exports as a result of the
carbon tax as there are sectors that suffer a decrease in exports
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Mote: Sectors are selected on the basis of export size as of February 2015.



Results: GDP

FIGURE 6. The impact on GDP is small for all four tax scenarios
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Results: Abatement

FIGURE 7. The different tax policy options give varying degrees of abatement
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Results: Tax Recycling
Choices

FIGURE 8. Broad revenue recycling schemes result in smaller deviations from baseline growth
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Results: Tax Recycling
Choices

FIGURE 9. By focusing tax revenue recycling on the renewable sector emissions can be lowered
further
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Results: Alternative Baseline

FIGURE 10. The deviation from baseline for the focus scenario is still small under revised growth
assumptions

250
200 Baseli
dJseling
8
I Aleternative
= 150 baseline
(]
[ ]
&
—_E 100 | s
(a8
(]
0
50
0
2] b A D Q ) », o = A9 b A\ o) fﬁ \S] W 1 A q;* “
o e - - S EaP) PR Py Py H Py ) PP o L P P e
SN N P N NP U U LR S L i P P
mm Alt, baseline GDP rebased to 2014 = 100 Alt. T2R4 GDP rebased to 2014 = 100
= Alt, T2R1 GDP rebased to 2014 = 100 = Baseline GDP rebased to 2014 = 100

=== T2R1 GDP rebased to 2014 = 100 = T2R4 GDP rebased to 2014 = 100



Results: Alternative Baseline

FIGURE 11. The magnitude of the reduction in emissions is similar under the revised baseline
assumptions
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Key Points to Remember

Why are we doing this? To internalise the world®s
biggest externality and create the necessary
incentives for change!

Without even considering the benefits of
counteracting climate change or efficiency gains
in renewable technology-. the effects of the carbon
tax on most macroeconomic and industry-level
variables are minimal in the long run

When interpreting policy results-s it 1s important
not to confuse %A deviation with levels outcomes-
for example. to place the impact of the carbon tax
into perspective. even the worst affected industry

(coal) will still be larger 1in absolute terms 1in
2030
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Thank You




