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 Environmental fiscal reform (EFR) and the “double 
dividend” (DD):

- introducing environmental taxes

- using revenues to reduce other (distortionary) taxes

- improves not only the environment but also the economy

 Reviews of the literature agree that:

“Switching taxation from labour to energy/carbon can 
increase welfare, employment and reduce emissions”

 SIZE? 

1. INTRODUCTION
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Experience from Previous 
Studies
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Experience from Previous Studies

 Looked in detail at the assessment of the 1992 and 
2002 proposed tax reforms using 6 different models.

 Almost without exception these European models find 
that a switch in taxation from labour to carbon/energy 
will increase employment and reduce carbon emissions.  
Differences are about the size of the impact.

 For the 1992 proposed carbon/energy tax, which rose 
to $10 per barrel of oil equivalent over about 7 years 
(equivalent to about US$39/ton CO2 in 2010 prices), 
the size of the employment impact ranged from 0.4 to 
2.6% by the end of that period
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Experience from Previous Studies

 In the case of the 1997 tax harmonisation proposal 
(which was to be implemented from 2002 but never 
fully implemented) the tax varied by fuel and ranged 
from US$13 to US$23 per ton of CO2 in 2010 prices.  
The impact of this tax on employment was estimated to 
range from 0.14% to 0.33% and the impact on GDP was 
from 0.03% to 0.2%.

 Both the employment and GDP impacts are notably less 
than for the 1992 proposal.  One reason for this could 
be that the 1997 proposal involved lower taxes and had 
a less wide coverage. 
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Some Theoretical Considerations

 Important factors that influence the size of the employment:
– The degree of substitution between factors. The larger the 

elasticity of substitution between labour and energy, the 
larger is the employment increase. Also, the smaller the 
substitution elasticity between capital and other inputs, the 
larger was the employment increase.

– Employment gains are reduced with increased export 
competition, and employment gains disappeared completely 
if none of the tax can be shifted abroad.

– The employment gains depend on how much the tax does not 
raise real wages because of energy price rises.  This effect is 
greater when the tax is borne by non-workers (e.g. 
pensioners). But that has a distributional effect.
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Experience from Previous Studies

 We have had some carbon taxes in a number of 
countries with corresponding reductions in labour 
taxes.  What can we say about the impacts they have 
had? Unfortunately very little.

 The empirical work is indicative of a small double 
dividend but, painstaking as it is, a number of the key 
linkages are left out.  (Danish Carbon Tax, UK carbon 
levy have been looked at).  

 We need to evaluate any new introductions of 
Carbon/Energy Tax Reform (ETR) very carefully (e.g. 
Australia).
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Some Attempts at Introducing EFT in Europe

 Belgium, Denmark, Finland, Germany, Italy, 
Netherlands, Sweden, Switzerland and UK have all tried 
some such taxes.

 Perhaps most successful were the Danish and UK cases. 
But neither were studies very carefully.  Both had major 
exemptions and both are believed to have +ve 
employment effect.

 Our own assessment of the UK case based on surveys of 
companies indicated the same.  (Review for the EC, 
2002)



EFT in Italy and ET in Europe
 Over half of the revenues (about 2,200 bn IL or €1.1 

billion) were raised in the first year from a carbon tax 
introduced in January 1999 will go towards reducing 
employment charges.  The tax was discontinued in 
2002.

 The level of environmental taxation is low in the 
country and has declined since 1998, as it has in many 
countries.



Environmental Taxes as % of GDP



Previous Studies of Environmental Tax Reform in Spain

 Manresa and Sancho, 2002
 Faen et al. 2009.
 Both are CGE models that evaluate a carbon tax or a permit 

scheme for the country, recycled through a range of measures, 
one of which is a reduction in employment taxes.  The models 
assume equilibrium in all markets except the labour market, 
where involuntary unemployment is allowed for through a ‘wage 
curve’ representing real wages, for each level of unemployment.

 Unfortunately both are based on the 1990 I-O data, which is out 
of date.
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Manresa and Sancho

 A 10 percent tax on all energy products and a 15 percent tax on 
petrol and other petroleum products.

 We have calculated the implied taxes on carbon, which are high, 
but note an energy tax does not discriminate on the basis of 
carbon.

 The study looks at two elasticities of the wage curve: 0 and 0.15.
 The model does not allow for substitution between capital and 

energy and a Cobb-Douglas substitution between K and L.
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Manresa and Sancho
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Tax Rate 
US$2010/ton 
CO2 

Recycling Via Lower 
Labour Tax 

% Change in 
Unemployment  

Change in 
Employment Emissions Welfare 

22.0 Wage Elasticity = 0.15 -0.63 n.a. -2.82% 0.03%
Wage Elasticity = 0 -2.33 n.a. -1.76% 0.66% 

31.9 Wage Elasticity = 0.15 -0.65 n.a. -3.46% -0.03% 
Wage Elasticity = 0 -2.43 n.a. -2.31% 0.63%

 •Considerable sensitivity to the wage elasticity
•Emissions reductions are small
•Welfare changes exclude benefits of reductions in local pollutants
•Taxing PP as well as energy makes only a small difference



Fæn et al

 Focussed on the differences between recycling the revenues 
from an auction of permits through reduced taxes on skilled 
labour versus reduced taxes on unskilled labour. 

 They considered a 25 percent reduction in the number of permits 
issued from the baseline level.

 Wage curve elasticity is around 0.1, which is the estimated value 
in the reference study by Oswald and Blanchflower.

 Decline in unemployment is smaller than Manresa and Sancho
 It makes a big difference whether the tax is recycled via skilled or 

via unskilled labour
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Fæn et al
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Tax Rate 
US$2010/ton 
CO2 

Recycling Via Lower 
Labour Tax

Change in 
Unemployment  

Change in 
Employment

 
Emissions Welfare

24.3  
On All Labour -0.09% 0.53% -25.00% -0.47% 
On Unskilled Labour 0.07% 0.48% -25.00% -0.48% 
On Skilled Labour -0.31% 0.54% -25.00% -0.47% 

 
•A 25 reduction in emissions via such a low tax seems 
very optimistic



 No research so far relates Environmental fiscal reform 
(EFR) and the shadow economy

Introduction to Our Work

“production activities that are legal but deliberately concealed from 
public authorities in order to avoid 

- paying taxes
- meeting legal standards (minimum wages, maximum hours)
- complying administrative procedures”

Informal employment (informal labor market)
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 Why may be important the relationship between EFR and 
the shadow economy?

(i) Labour taxes affect the decision to work formal or 
informally 

(ii) Informal markets represent a relevant (and growing) 
part of GDP

(iii) Reducing the shadow economy is an important policy 
target  (distortions in efficiency, competition and equity 
implications)

Introduction to Our Work
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Features of the Spanish Economy
 Traditionally high unemployment relative to trading partners and

other EU member states.
– The current level of around 20%, while high, is in fact similar to that 

experienced in 1995 and the low levels of 1998-2006 were exceptional for 
the country

 Large informal sector.
– Arrazola et al. (2010) estimate the size of the shadow economy following 

different methodologies. They conclude that for the period 2005-08 the 
shadow economy represented 21.5% of GDP, with a loss of revenue for 
the government of 7% of GDP. This shadow economy engages 4.3 million 
shadow jobs. 
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Unemployment in Spain and Trading Partners
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)

Greece, Italy, Spain, Portugal and Belgium 21-29%

Norway, Sweden, Denmark, Ireland, France,
The Netherlands, Germany and Great Britain 12-18%

Japan, Austria, United States and Switzerland 8-10%

Spain  (Arrazola et al 2011) 19-23%

Size of shadow economy 2005

Buehn and Schneider (2011)

21

Spain Has a Large Shadow Economy



The Shadow Economy

 Other evidence on the shadow economy in 
Spain
– 25% of all issued €500 notes (known as “Bin Ladens”) 

are circulating in Spain, partly down to crime but also 
el  trabajo en negro.

– Tax amnesty that closed on November 30th 2012 
revealed about €40 billion of undeclared income.
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Markandya, Gonzalez and Escapa (MGE)

 Main features of the model similar to the previous studies.  
– Static CGE model with unemployment modeled via a wage curve
– Single household
– Nested CES production and utility functions to allow for 

substitution between different fossil fuels; between fossil fuels in 
producing electricity; and between K-L and an energy aggregate.

 Difference with previous models are:
– Include an informal sector for labour
– Use the 2005 I-O data
– Account for benefits of reductions in local pollutants.
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Our Model: the Structure 

 We use an Applied General Equilibrium (AGE) model

 Main features similar to previous studies

 Difference with previous models are in the labour market
– involuntary unemployment
– Formal and informal labour (shadow economy)
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 Unemployment, in the formal market, is determined by a 
“wage curve”:

 Real wage        is a declining function of u  

 is an elasticity parameter that measures the sensitivity 
of the wage rate to the unemployment rate

Our Model: Labour Market

(Blanchflower and Oswald, JEL1995):
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Our Model: Labour Market

 We model formal and informal labor as imperfect 
substitutes using a CES function

share of informal employment (sector j) in the benchmark

elasticity of substitution between formal and informal labour

 Mobility between formal and informal labour is determined 
by  
– an endogenous parameter (m)

– an equilibrium condition: wI = wF (1 – u)

Lσ
jδ

informal wage formal “expected wage”

Harris and Todaro, AER 1970
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Our Model: Calibration

 Symetric IO table for Spain 2005 (INE 2009a)

 Sectoral emissions (Environmental Accounts, INE 2009b) 

 Elasticities from literature

 Official Unemployment U=20%

 Shadow Economy: S= 20%

 Damage from emissions:
– CO2-eq. European Commission (2009): range 17-33€/tCO2

– Local pollutants. ExternE project and Markandya et al. (2010)
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MGE Model – Simulations  and Calibrations

 We model different reductions in emissions (the model can cope 
with reductions of up to 40%).

 We consider 3 types of recycling: via a lump sum tax (LST), via a 
reduction in capital taxes (K) and via a reduction in labour taxes 
(L).

 Elasticities of substitution between energy types and between K-
L and energy are taken from the values of Spain in the MIT global 
model of Babiker et al.

 Emissions of local pollutants by sector are taken from INE data,
with values of damages from Markandya et al, (2010).
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MGE Model Results with L Tax Reform
 With flexibility in the wage curve and in the formal and informal 

labour markets there is a gain in welfare (EV) of around 3% with
reductions in labour taxes.

 Welfare effects are strongly dependent on the assumed 
elasticities of wage curve and substitutability between formal 
and informal labour. The lower the wage curve elasticity the 
greater the welfare gains of an L reform.  And the higher the 
elasticity of substitution between formal and informal labour the 
greater is the welfare gain.

 Unemployment fall is significant with the “default” values of the 
two elasticities (around 3.5%).
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MGE Model Results
 Taking the best guess values of the parameters we get, with a labour 

tax recycling scheme, a reduction in unemployment of 3.5%.  
– If there is no flexibility between formal and informal labour (the two are 

used in fixed proportions) the reductions in unemployment is smaller –
3.2%.  

– So introducing an informal sector contributes about 0.3% to the estimated 
reduction in unemployment with the proposed tax shifts. (However there 
is also a reduction on the shadow economy)

 If we have flexibility between formal and informal labour in production 
but the unemployment-wage relationship is fixed, unemployment still 
falls a little (by 1.5%), because workers from the informal sector are 
brought into the formal sector and this reduces the measured level of 
unemployment
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MGE Model Results: Local Pollutants
 Traditional measures of the benefits of ETR do not account for the 

gains in terms of lower emissions of local pollutants.
 We consider SO2, NOx, Non-Metallic Volatile Organic Compounds, 

methane, carbon-monoxide, nitrous oxides, ammonia and 
particulate matter.  

 Coefficients of emissions per unit of output by sector from the 
National Statistical Office of Spain (INE 2009b).

 Damage from pollutants: estimates for Spain from CASES Project  
(Markandya et al 2010) (€/tonne): SO2 (4,518), NOx (3,229), 
NMVOC(740), ammonia (4,936) and PPM(825).  

 Damage from CO2-eq: lower bound of €17.2/tonne and a higher 
bound of €32, taken from European Commission (2008)
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MGE Model Results
 Damages avoided in total with the L reform are around one 

billion euros.
 Damages avoided with other reforms (LST and K) are higher 

because the L reform induces an increase in output which 
increases emissions.

 The value of the reduction in damages are between 0.3 and 1% 
of GDP.

 Most the benefits come from the reduction in CO2.  Other 
pollutants account for only a small  part of the total on the L 
reform (but a bigger part with the LST and K reforms).
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4. Results: general
 Mobility not allowed 
 unemployment fixed 
 No DD (small effect)

 Mobility 
 flexible unemployment 
 Strong DD if TaxL are reduced

0=Lσ 5=Lσ
∞→θ 1.0=θ
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4. Results: general 
TAXL scenario
 Increases the demand of formal labour:

 Lower labour taxes
 Economic structural change: tax on CO2 affects more the 

capital/energy intensive sectors and less the labour intensive 
sectors

 As a result, unemployment (U) and the shadow economy 
(S) are reduced.

 The higher the CO2 tax, the higher the DD: 
 more revenues to reduce labour taxes 

 higher increase in the demand for labour.
 This effect would continue until U or S are zero. 
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4. Results: general 
 Results for a reduction of 15% in CO2 emissions (part I)
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4. Results: general

 Results for a reduction of 15% in CO2 emissions (part II)
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4. Results: ancillary benefits of CO2 reductions 
 Local pollutants will also decline
 Estimated cost avoided for TaxL: between 0.9 and 1.7 billions
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4. Results: general 
 Results for a reduction of 15% in CO2 emissions and 

reducing taxes on labour (TaxL)

 Welfare gain (EV) ~ 3% 
 Official GDP could increase ~ 7% 
 Official unemployment falls ~ 3%
 An extra 0.3-1% on “green” GDP if environmental 

damage is accounted.
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4. Results: the effect of labour market conditions

Reduction of 15% in CO2 emissions
• Mobility between formal and informal sector 

 Formal unemployment flexibility  

M (σL=5)

Mfx (σL=0)
U (θ=0.1)

Ufx (θ =∞)
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4. Results: Sensitivity analysis

 Sensitivity analysis of the key parameters of the model:
 size of the shadow economy (S)
 size of official unemployment (u)
 unemployment flexibility
 substitutability between formal and informal labour 
 sectoral distribution of the shadow economy 

)(θ
)( Lσ

)( jδ
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4. Results: Sensitivity analysis
 Size of the shadow economy in the benchmark (So)
 Base case: So =20%

41



4. Results: Sensitivity analysis 
 Size of the official unemployment in the benchmark :Uo
 Base case: Uo =20%
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4. Results: Sensitivity analysis 
 Unemployment flexibility (wage curve elasticity parameter: θ)
 Base case: θ = 0.1
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4. Results: Sensitivity analysis
 Mobility between formal and informal sector 
 Base case:         5=Lσ

)( Lσ
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5. Policy implications (1/2)

• If  EFR are so good why are not being implemented?
(i) People don´t like paying new taxes (even if revenue neutral)
(ii) EFR will increase the price of energy and gasoline (although this 

effect could be partially corrected, see next slide)
(iii) Effects on income distribution (most likely regressive)

 We show that if the shadow economy is considered (with 
labour tax reduction), some of these barriers could be 
reduced:
 Tax burden would decrease (tax per person could decline with the

same amount of government expending)
 Equity distortions would be reduced
 Also, the ancillary benefits of CO2 reduction could be used to 

overcome the barriers to EFR
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5. Policy implications (2/2)

 Simulations with fixed price of oil/gasoline (red bar) and fixed the 
price of electricity (green bar). 

• Therefore, although it is possible to avoid particular effects on prices with 
tax exemptions… the price increase will be transferred to other goods
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Conclusions on ETR  in Spain

 All 3 studies show that replacing part of the labour taxes with a 
carbon tax will have the benefit of some reduction in 
unemployment and either a small loss of welfare or a small gain 
(as measured by the equivalent variation (EV).

 Our latest analysis shows that if these are included together with 
the shadow economy the environmental tax reform results in a 
notable increase in welfare (around 3%).

 There is a question of the size of the fall in unemployment. The
Manresa and Sancho study estimates a fall of around between 
0.6 and 2.3%.  The Fæn et al. study estimates an impact of about 
0.3%.  Our study indicates a fall of about 3%.
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Conclusions on ETR in Spain 

 Reasons for differences:
– Different IO data
– Shadow economy incorporation
– Tax rates imposed – the higher the CO2 the more scope there is for 

reducing labour taxes (MGE have the highest CO2 tax, although it is 
not exceptionally high).

– Differences in coverage of the models.
– Difference in elasticities of substitution.  Other studies do not 

provide full detailed values used but as noted earlier the higher the 
elasticity of substitution between energy and capital the more likely 
it is that a rise in energy prices will result in a substitution towards 
capital.
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Some Final Thoughts

 The models are highly stylized and take no account of dynamic 
effects.  Hence we could not expect a tax reform to generate the
changes in one period, but rather to take place over a number of
quarters.  

 Trade impacts are muted in the models.  Hence a reform of this 
kind would need to be pan-European to avoid major impacts.

 We need to better understand the distributional effects.
 Nevertheless we would conclude that the case for an 

environmental tax reform involving recycling via a labour tax 
reduction is strong for Spain.

 And perhaps some of the political objections can be overcome if 
we take account of the shadow economy. 
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