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Introduction (1/3)
 Economic theory (as well as ex-ante modeling studies) suggests that 

carbon pricing is an economically efficient policy instrument to mitigate 
climate change (Nordhaus, 1977; Aldy et al., 2010, Timilsina, 2022)

 Existing empirical studies (ex-post), however, report mixed findings about 
the effectiveness of carbon pricing in reducing CO2 emissions

 Some studies, such as Andersson (2019), Metcalf (2019), Murray and 
Maniloff (2015) find significant reductions of emissions due to carbon 
pricing whereas studies such as Shmelev and Speck (2018), Wakabayashi 
and Kimura (2018), Pretis (2020) do not find much impacts

 Several reasons, such as methodology used, data quality, measurement 
errors, and real-world issues might have caused the inconclusive literature

 Lack of strong empirical evidence of emission reduction could discourage 
the implementation of carbon pricing

 This study investigates the emission reduction effect of carbon taxes with 
different characteristics in Australia and Slovenia



Introduction (2/3)
Australia

 Prime Minister Julia Gillard (Labor minority government) introduced a 
carbon pricing scheme in 2011 despite the opposition of Liberal Party; It 
came into effect on 1 July 2012; tax rate was A$23/tCO2

 Emitters with annual GHG emissions below 25,000 tonnes and those 
under the transport and agriculture sectors were exempted

 Revenues from the carbon tax were used to cut personal income tax of 
those with A$80,000 annual income or less; increased pensions and 
welfare payments to cover expected price increases; compensation for 
some affected industries

 It was repealed just after two years (1 July 2014) by Tony Abbott’s 
Conservative government

 Our study aims to assess the GHG mitigation impacts of that carbon 
pricing  together with the renewable policy introduced in 2009



Slovenia

• Introduced in 1996 at the rate of €4.17/tCO2, which was increased to 
€12.52/tCO2, in 1998; the rate was increased to in 2000 and to 2003 and 
remained unchanged until 2005 when Slovenia joined the EU ETS

• This study aims to understand how effective was that carbon tax to reduce 
emissions during the 1996-2005 period in Slovenia

Introduction (3/3)



Methodology and Data (1/2)

 Synthetic control technique

 It compares the variable of interest (here per capita emission) of a 
treated country (Australia or Slovenia) with that of countries (donor 
pool) which have the most possible similarity on the explanatory 
variables (predictors)

 The variables (predictors) considered are sectoral emissions shares, 
GDP per capita, population, and fossil fuel mix in primary energy 
consumption 

 Data are compiled from various sources including International Energy 
Agency, Energy Informational Administration, World Bank and 
Emissions Database for Global Atmospheric Research maintained by 
the EU.



Methodology and Data (2/2)
Denoting countries by index j (j = 1 for the treated country), years by index t, 
emissions per capita with and without treatments by, Yjt(1) and Yjt(0), respectively, the 
treatment effect for unit j at time t is 

The estimated treatment effect is given by �𝜏𝜏1𝑡𝑡 = 𝑌𝑌1𝑡𝑡 1 − ∑𝑗𝑗=2
𝐽𝐽+1𝑤𝑤𝑗𝑗∗𝑌𝑌𝑗𝑗𝑡𝑡

Where wj* are weights of countries in the donor pool, which is determined in such a way
that wj*≥ 0 ∀j and ∑ (Wj to W j+1) =1. With X1 to represent the kX1 vector of treated
country and X0 to represent the kxj matrix of same characteristics of control countries,
the kXk matrix of V that represents the relative importance of the k characteristics
through the minimization of

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠{ 𝑋𝑋1 − 𝑋𝑋0𝑊𝑊 ′𝑉𝑉 𝑋𝑋1 − 𝑋𝑋0𝑊𝑊 }

where (𝑋𝑋1 − 𝑋𝑋0𝑊𝑊) = ∑ℎ=1𝑘𝑘 𝑣𝑣ℎ(𝑋𝑋ℎ1 −𝑊𝑊2𝑋𝑋ℎ2 − ⋯−𝑊𝑊𝑗𝑗+1𝑋𝑋ℎ 𝑗𝑗+1 )2

with h referring the predictor k

Please see Abadie’s JEL 2021 paper for more details on the methodology.

𝜏𝜏𝑖𝑖𝑡𝑡 = 𝑌𝑌𝑗𝑗𝑡𝑡 1 − 𝑌𝑌𝑗𝑗𝑡𝑡 0 1



Estimation Technique for Australia (1/2) 

The donor pool for Australia is constructed as follows:

 Used a global panel dataset (1980-2018) with all variables

 Economies with any missing data in any year excluded

 Economies with carbon tax or ETS during 1980-2018 excluded

 Small economies with population below 1 million excluded



Estimation Technique for Australia (2/2) 
 Total number of economies on donor pools dropped to 33

 Only four out of 35 donors has significant weights
Weight Economy
0.39 Taiwan
0.30 Israel and Palestine, State of
0.26 Canada
0.05 Hong Kong

Kuwait Canada Algeria
Russia Saudi Arabia Trinidad and Tobago
Turkmenistan Oman Singapore
Belarus Libya South Africa
Israel and Palestine, State of Azerbaijan South Korea
Taiwan Hong Kong Venezuela
Mongolia North Macedonia Uzbekistan
Moldova Georgia Armenia
Bosnia and Herzegovina Iraq Iran
Kyrgyzstan Malaysia Jordan
Argentina Cuba Jamaica



Estimation Technique for Slovenia 

 Unlike Australia we faced problem in Slovenia due to too short pre-
treatment period (1992-1996)

 European countries without carbon tax served for the donor pool, the
weights are as follows:

Weight Country (Unit)
0.44 Iceland
0.27 Bulgaria
0.14 Greece
0.12 Portugal
0.02 Poland



Results – Australia (1/2)

Fossil fuel sectors do not get tax benefits
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 The annual average per capita emission (AAPCE) of Australia for the post 
treatment period (2009-2018) is 7.9% smaller than the corresponding value 
of synthetic Australia

 Compared to 2008 per capita emissions, the AAPCE for the post-treatment 
period is 7.15% smaller
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Results – Australia (2/2)

Variables Treated Synthetic Donor Pool Avg. 
Emissions share (power) 0.52 0.47 0.40 
Emissions share (transportation) 0.21 0.21 0.17 
Emissions share (other) 0.28 0.33 0.43 
Log of gdp per capita (USD 000s) 3.68 3.42 2.46 
Btus of coal per capita (Hundred MMs) 1.04 0.46 0.14 
Btus of ng per capita (Hundred MMs) 0.50 0.34 0.50 
Btus of petroleum per capita (Hundred MMs) 0.94 0.97 0.65 
Emissions per capita in 2001 2.58 2.33 0.23 
Emissions per capita in 2007-2008 (avg.) 3.00 3.14 1.49 

 

Covariate balance



Validation of Results – Australia (1/4)

Leave one out test
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Placebo in-time test

The pre-treatment period is moved back by 10 years to 1998 to examine 
the effect of a fake policy 

Validation of Results – Australia (2/4)
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Placebo in-space test (gaps plot)

Validation of Results – Australia (3/4)



Explanation of Australia Results (1/2)

Sectoral emission trends



Explanation of Australia Results (2/2)

Electricity generation trends



Results – Slovenia 



Conclusions

 The renewable energy policy introduced in 2009 and carbon tax policy 
introduced in 2012 (but withdrawn in 2014) were found to reduce, on 
average, 8% of CO2 emissions annually during the 2009-2018 period in 
Australia

 The findings are validated for all possible tests for robustness 

 The reductions in CO2 emissions occurred mainly in the power sector 
where renewables caused reduction of coal-based power generation, 
which was further reduced due to the carbon tax

 We could not find a concrete evidence of CO2 emission reduction in 
Slovenia, however, the result might be caused due to lack of data as we 
did not have necessary data for the pre-treatment analysis.



References
Abadie, A. (2021). Using synthetic controls: Feasibility, data requirements, and

methodological aspects. Journal of Economic Literature, 59(2):391–425.
Aldy, J. E., Krupnick, A. J., Newell, R. G., Parry, I. W. H., and Pizer, W. A. (2010). Designing climate

mitigation policy. Journal of Economic Literature, 48(4):903–934.
Andersson, Julius J. (2019). Carbon Taxes and CO2 Emissions: Sweden as a Case Study. American

Economic Journal: Economic Policy, Vol. 11(4), pp. 1–30.
Metcalf G (2019). On the economics of a carbon tax for the United States Brookings Papers on Economic

Activity, pp 1–60 (https://www.brookings.edu/wp-content/uploads/2019/03/On-the-Economics-of-a-
Carbon-Tax-for-the-United-States.pdf)

Murray, Brian C. and Peter T. Maniloff (2015). Why have greenhouse emissions in RGGI States
declined? An econometric attribution to economic, energy market, and policy factors. Energy
Economics, Vol. 51, pp. 581–589.

Nordhaus, W. D. (1977). Economic growth and climate: The carbon dioxide problem. American
Economic Review, 67(1):341–346.

Pretis F (2020). Does a Carbon Tax Reduce CO2 Emissions? Evidence From British Columbia SSRN
Journal (https://doi.org/10.2139/ssrn.3329512).

Shmelev SE and Speck SU (2018). Green fiscal reform in Sweden: econometric assessment of the carbon
and energy taxation scheme. Renewable and Sustainable Energy Reviews, 90: 969–981.

Timilsina, G. R. (2022). Carbon taxes. Journal of Economic Literature, 60(4):1456–1502.
Wakabayashi M and Kimura O (2018). The impact of the Tokyo Metropolitan Emissions Trading Scheme

on reducing greenhouse gas emissions: findings from a facility-based study. Climate Policy, 18:
1028.

https://www.brookings.edu/wp-content/uploads/2019/03/On-the-Economics-of-a-Carbon-Tax-for-the-United-States.pdf


THANK YOU

Govinda R. Timilsina
Sr. Research Economist

Development Research Group  
The World Bank  

1818 H Street, NW  
Washington, DC 20433, USA  

Tel: 1 202 473 2767  
Fax: 1 202 522 1151  

E-mail:  gtimilsina@worldbank.org 



Placebo-in-space (MSPE ratios)

Validation of Results – Australia (4/4)
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