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Abstract

! This article nses input-cutput methods to obtain the energy-related
! CO2 intensities for the Spanish economy in 1992. Based on those in-
tensities, it yields a structural decomposition of Spanish energy-related
Oy emissions and an estimation of the price effects of hypothetical
carbon taxes levied on fogsil fuel consumption in 1998. Thus the paper
responds both to a lack of reliable disaggregated data on Spanish CO,
emissions and to a growing awareness on the effectiveness of Spanish
climate change policies.
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1. Introduction

As puinted out by 2 growing scientilic evidence and consensus, climate change is
nowadays a most pressing environmental problem faced by humankind. Climate
change phenomena are provoked by the increasing concentrations of greenhouse
gases in the atmosphere, with anthropegenic CQq production ss the main con-
tributor. Hence, the uneqguivocal need to define and subsequently control human-
made COy emissions.

With such objectives in mind, our article provides a new disaggregated mea.-
surethent of Spanish energy-related CO» emissions and an estimation of the price
effects of alternative (hypothetical} carbon taxes in Spain. DPrevieus work on
these issues ineludes the decomposition of Spanish COz emissions by Antén and
de Bustos {1995), and the cailculation of the price effects of the proposed Eu-
ropean carbon tax within Spain (Martin and Velszquez, 1992). However those
exercises employ 1985 encrgy and input-cutput data, largely outdated after the
strony changes brought about by the Spanish growth processcs of the late 19805
and early 1990s. Moraover, the use of an input-output price model by Martin and
Veldzquez contrasts with the recent and widespread application of input-output
demand models to calculate €O, intensities by sector and eventually the price
efiects of carbon taxes.

This article overcomes the preceding shorteomings, following the same ap-
proximation used by Gay and Proops (1993) and Proops, Faber and Wagenhals
(1993} to estimate Pritish and German CQq emissions, thus allowing for an in-
ternational comparison of the resulls. Our price effects are also obtained through
inpul-oniput methods as in Symons, Proops and Gay {1994) for the United King-
dom, or Cornwell and Creedy {1996) for Australia. In coutrast with those exer-
cises, however, we advocate and simulate the use of the actual darnage approach
as the primary basis for a unilateral carbon tax rate.

The structure of the paper is as follows. Section ? examines the main reasons
for a comprehensive assessment and control of Spanish CQOy emissions, with an
etnphasis on the use of environmental taxation. In Section 3 we describe the inpit-
output methods that allow us to caleniate the (energy-related} COy intensities for
each Spanish economic sector, the foundation 1o calculate disaggregated emissions
by sector and the price effects of taxes on CO; emissions. Section 4 deais with the
data needed for the empirical implemantation of the input-cutput model, Section
3 yields the main results of Lhe exercise, whose policy implications are discussed
in Section 6. Finally, the conciusions of the article are presented in Section 7.



2. Spanish CO, Emissions: The Need for Assessment and Control

Despite Spain is not a major €Oy emitter and ig currently sulrject to rather
tax international cotnmitments,! there sye powerful reasons to think that climate
change concerns imay play a significant role in future Spanish environmental poii-
cies.

First of all, tlere are strong internal pressnres to comtrol the emission of
greenhouse gases. as Spain is already largely susceptible to processes of desert
advance and water scarcity that are likely to worsen with climate change. There
are also external pressures to contyol Spanish G0s emissions, specially due to the
exponential growth in recent years which, at the moment of writing, has almost
consumed the Kyoto permitted increase in greenhouse £az emissions for the year
2010.2 Morcover, econemic convergence to EU averages and the rising Span-
ish energy and carbon intensities will probably make untenable the preferential
treatmettt enjoved by Spain in this matter so far.

Therefore it is clear that some policy instrumenis (o control Spanish CO.
emissions are necessary at the moment. In particular, we will consider the use of
environmentsl taxes, s wetl known and efficient “market’ echanism of environ-
mental policy. Yet before implementing any control instrument on Spanish CO,
etnissicns it is desirable to have detailed information on them, 55 we observe pext.

2.1. Towards a Comprehensive Assessment of Spanish CQ; Emissions

Table 1 presents the main sources of Spanish COg eruissions in 1994, the lat-
est available at the moment of writing. Note the impertance of energy-related
cmissions, which explains oir focus in the energy segment.

Still, there are significant pieces of information missing in this table. First of
all, the degree of aggregation is very high, gpecially within the enerpgy field, How-
ever, it is perhaps more important to know the sectors that are really responsible
for GOq emissions, rather than those that directly cause such emissions.

*Spain sigued and ratified the United Nations Framework Cunvention on Climate Change. As
a0 Annex | party, Spaia shonld return to 1990 levels of anthrepogenic greenhouse gas emlsions
by the year 2000 {Rio target). Moreover, as an Annex B party of the 16997 Kyoto Protocol
fdeveluping the Couvention, Spanish presnhouse £5d emissiong in 2010 chodld be below 1940
levels. In both cases, huwever, Spain was granted a surprising exemption throsgh an BUMs
overall Larget which allowed Spanish emissions to grow substantially. This was justified on the
SLOong eOergy renuirements to overcome the relative under-development” of the Spanish economy
(see Labandeira, 1597),

‘It i expected that total Spanish gresnlouse gaa emissions will be allowed to incromse by
153% hetween 1990 and 2010 (sce Mas, 1998].

For instapce, tleclriciy-related amissions should not be exclusively mmoputed to the elec-
tricity indusiry s other sectors use clectricity to produce theic goods and are thus indicectly
‘responsible’ for some COy cmissions (see Sections 3.1 and 52.2].



Table 1 Spanish CO; Emissions in 1994

1000 tonnes | per cent

Energy-Aelated: 287 197 83.85
Electricity 76,082 2R.Th
Transport 50,722 20587
Industries D0, BG6 19.23
Households 17,262 G.52
Agrieufture 17554 6.6
Industrial Frocesses 16,30 g.18
Weste 2657 1.0
Total 264,641 100.00

Source: Spanish Ministry of the Bovironment

A major sim of this paper is to provide a comprehensive, disaggregated and
righily allocated assessment of Spanish energy-related GO, emissions. Apart from
the intrinsic interest of such information, there are obvious reasons to CarTy oub
this objective. Indeed, any strategy to curb climate change effects should have
enowgh data oo emissions and sources to choose the adequate instruments in both
econoinic and eavironmental terms.

2.2. The Carbon ’I‘ax_: Design and Implementation

As indicated before, carbon taxation is the adopted environmental instrument
in our exercise. When dealing with the design of a hypothetical carbon tax we
st first refer to the jurisdictional ailocation, with “first-best’ carbon taxes being
allocated to a worldwide authority because they respond to a global environmental
problem. However, the practical impossibility of setting such an institutional
arrangement has recommmended the assignment of any hypothetical tax intending
to control Spanish CO; emissions to the Spanish central government.

Concerning the selected carbon tax rates, it is well known that the shadow
prices from the maximization of the net ‘social’ benefits of emissions could be
mterpreted as the Pigouvian tax rates. But oven if such & cost-benefit paradigm
was not followed, the carbon tax rates couid be equally defined as the shadow
prices from welfare optimization with a binding environmental standard {carbon
budget approach).

The previous shadow price approximations contrast with the actual damage
cost approach, where the environmental tax rates are determined by computing
the reduction in damages from a marginal abatement of emissions {see Section
4.2).

Our carbon tax simulations refer to the wear 1998 and were carried out with
the tax rate obtained by Fankhauser (1964) through an actual damage cost ap-
proach, a representative Pigouvian tsx rate and the EU praposals on carbon
taxation. However, we use Fankhauser’s estimate as our central carbon tax rate
on various grounds. First, because some shadow Prices are caleulated to keep
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future einissions in the optimal path indicated by a cost-benefit model, thus re-
quiring a complete international coordination that we do not presume for the
applied exercise. Second, because the alternative shadow price approach shares
the same problem, with the added difficulty of setting the carbon target.? Fi-
nally, hecause a unilateral Spanish carbon tax is not thought to affect the Future
trajectory of total CO2 emissions (Spain canses slightly less than one per cent of
the world’s CO» cmissiona), a sine que non condition for a reliable spplication of
the actual damage approach.

Choosing a non-contentious and siinpie catbon tax base is much easier. (iven
the major significance of CO; emissions from fossil fuel combustion (see Table 1),
it seems reasonable to tax energy-related emissions alone. Wheress this clearly
leads to a higher adiministrative feasibility, the presence of a large number of
pollaters still renders difficult the direct taxation of emissions. Howewer, the
axistence of a good linkage between fossil fuel consumption and COs emissions
sustains the use of product taxation to overcome the previous problem.” The
product tax rates can be directly calculated from the carbon content of each
fossil fuel, indicated by Table 2 (see Section 4.1), and the adopted carbon tax
rate. Actually, product carbon taxes only need to be iutroduced at one stage,
thus enhancing the practical feasibility of this approximation.

3. The Input-Output Method

We employ input-ountput methodology to assess Spanish CQy emissions and to
exanine the price effects of a hypothetical carbon tax. The approach is justified on
the generalized dependence of contemporary socteties upon CQy; emissions, which
means that it is not possible to estimate the actual emitters and the effects of
carbon taxes by considering a single sector. Indeed, the comparative significance
of *indirect’ emissions requires the use of such a comprebensive approximation to
attribwite emissions by sector. '

The utility of input-outpnt methods to appraise the incidence of energy taxes
1s widely known, as they are able to disentangie the complex industrial relation-
ships within any developed economy (see e.g. Common, 1985; Casler and Rafiqui,
1993). In particular, input-cutput analysis has been recently nsed to assess OOy
emissions wnd to estimate the price effects of carbon taxation in a number of
countries (Proops, Faber snd Wagenhals, 1993; Symons, Proops and Gay, 1994
Cornwell and Creedy, 1995). The preceding studies employed an input-output

'Some recent research on the effects of carbon taxes for the UK and Australia has evidenced
the shorteomings of this approach (Symons, Proops and Gay, 1954: Cornwell and Creedy, 1995},
Tha hypothetical carbon tex rates were endogenonsly determined to meet the Toronte tarpet:
a. 20 pur cent reduction i O0; emissions hetween 1988 and 2005, Sueh a seeingant CO5 targel
and the structural rigidities of the input-output appreach have led to extremwly high carbon
taxes, at least when compared to the literature estimates, with limited policy relevance.

*This iz relnforced by the enrrent absence of fessible COz contro! techuologics.
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demand model to calenlate the CO2 inteusities for each industrial braneh, i.e.
the carbon contents of their products, which allows for a straightforward compu-
tation of the price changes after curbon taxation. Qur exercise for the Spanish
econounty basically follows the same procedure.

Input-output analyses are thus well suited to ussess the effects of a onc-stage
carhon tax on primary fossil fuels upon the relative prices of outputs.® Yet 5 key
assutuption of this process is the full shifting of carbon taxation to consumption,
with no substitntion taking place in production after the carhon tax.” Input-
output methods are however unique in allowing o highly disaggregated analysis
of the economy, even if they should only be taken as a short-term approximation
tor whe iinpacts of taxes on inputs.

We next present a description of the input-output model used in our exercise.
The underlying detnand model is rather simple, depicting the relationship between
C0 emissions and fossil fuel nse hy industries and final consumers.

The Model

‘The input-output approximation to production was devised in its juodern form
by Leonticf (1936}, Assuming that overall econcrnic activity can be disaggregated
into n different producing sectors, input-output analysis decomposes total output
oi the economy into final and intermediate demands, thus explicitly dealing with
imter-industry trading.

The basic equation is

Xx=Ax+y {3.1)

with x as the n-vector of goads required for total output, y as the n-vector of

goods that zatisfles final demand and Ax as the n-vector of interinediate demand.

Actaally, A is the nxn matrix of technological coefficients, constants that reflect

the inputs required {from all sectors} for the preduction of each particuler sector.®
Recuganization of expression {3.1) yields

x={I-A)ly (3.2)

where I i a unit matrix of order n and (I — A)™! is the Leontief inverse, which
converts final demand iote total output. This s an essential result as fnal de

"The exervise fur Spain involves the application of a product carbot tax oo three jrimary
fossil fels {voal, lignite wnd nelural gas) and an two transformed produces (liguid fossil fuels and
msnufactured gas). This tneans that encrgy losses in the production of liquid fuels and mannfac-
tnred gas are wol baxed and that some sort of double taxubion arises {see Martin and Veldegues,
19523, although we leei that the consideration of sueh matters would not alter significantly the
final ontoome.

T As a cunseyuence. this input-output exercise does not futend o study the industrial reaction
to bhe carbon tex. Nete, nowever, that the fufl shilting assurnption can be partly colieved with
the use of sensitivily aoafysis.

# Ap indicated above, Lhe proportionality between the inputs into a sector and the total gutput
trom that seclor (uu substitution) constitutes a drawback of input-output methodelogy. heing a
reasonable assnmption only in the shert o,



tnsnd, not total output, is the contrel variable for governments. Moreover, the
Leontief inverse indicates the direct (from final demand} and all the indirect (from
intermediate demand) requivements for production in the QConoImy,

dince we just contemplate CO- emissions frotn fossil fuel comnbustion, we now
dehine the use of fuels by industries and consumers as in Gay and Proops {1943).
Following the information provided by Spanish input-oputput tables, we consider
57 producing scctors and five types of fossil firels: coal, lignite, liguid fuels, natural
gas and manufactured gas.

Total industrial fuel use is the S-veetor

f=RB'x (3.3)

where B' represcnts the transpose of the 57x5 matrix B, containing the coefhi-
cients of fue] use per unit total cutput (kilotonnes/terajonles per million Spanish
pesetas).

Total direct fuel use by final consumers iz the H-vector

h= C"y‘ {3.4]

where C? i3 Lhe transpose of C, a 57x5 matrix of coefficients that relate quantities
and values of the fuel purchased as part of fnal demand {kilotonnes/terajoules
per million Spanish pesetas).

Total COg emissions from fossil fuel usc are given by the scalar

g = e (f + h) (32.5)

where &' is the transpose of the 5-vector mndicating the CO2 production per unit
fuel burnt (Kilutonnes of GOy per kilotonnes/ terajouies of fuel).
From equations (3.2), (3.3), (3.4) and (3.5) we have

g=eB(I-A)"y+eCly (3.6}

i.e., the energy-related CO4 emissious by an economy can be attributed to total
final demand for goods and services {disagpregated national product).

Focusing ouly on the erissions related to private consumption, g, from equa-
tion (3.6} and the matrix expansion for (I - A)7!

gp=€cwp+€B%1+A++ﬂ+_jyp (3.7)

with yp as the 57-vector representing private consumpiion. The second term of
Lhis expression shows the emissions due to Jdirect fossil fuel demand by consumers,
e'C'yp. and the emnissions from direct and indirect (first-ronnd, second-round,
atc.} fuel use by industries.

Assuming that the carbon tax on fossil fuels is fully shifted forward to con-
sumplion {see Section 3), prices are increased in proportion to the carbon content
of the produced goods. In fact, the price rises are given by

t=pnu {3.8)



where u is the 57-vector showing the cnergy-related CO4 intensities (kg of CO
per Spanish peseta) and u is the general tax rate on COy emissions. Particulatly,
t vould be also interpreted as s S7-vector with the derived nd valorer tax rates
on the produced goods.

Therefore, to estimale the price effects of carbon taxation we need to know
the CO» intensities for all producing sectors, which can be directly caleulated
from equation (3.6) with

u' =o' [B'(1-A)7" + of (3.9)

Tatal COy intensities ean bu further decompesed into the intensities from, fuel
use by consumers, o'C, from direct fuel use by industries, ¢'B’. and from indirect
fucl use Ly industrics, e'BY (A + A%y )

The actual industrial emissions brought about by total final demand can be
calculated] from

Eifec)= €' B’ "x (3.10)

where “x is the diagonal matrix derived from the x vector. As indicated before,
these emissions are those directly produced from Fossil fuel burning by sector.
The imputed industrial emissions by sector brought about by total finaf de-
mand, net those actually produced in a sector but those for which it is responsihle,
are given by '
Giimy= B (I-a)! "y {3.11)

with "y as the disgonal matrix derived frum the ¥ vector.

4. Data

In this section we present the data used to implemen, the preceding input-output
tnudel. ‘We were unable to obtain fully updated information, which simply did
not exist when writing this article, 50 our emission figures refer to the year 1902
Of course this is an important shortcoming, as the provided emission resuits
are rather old and do not match with the more recent carbon tax simulationy.
However, we belleve that the structural cmission diferences between 1992 and
Lhe present are not that important, as the strong changes seen in the Spanish
energy domain during the late 1980s were taken into account.

Section 4.1 deals with the production of matrices and vectors, stressing the
dilliculties to obtain reliable and updated data on disaggregated Spanish energy
consummiption. This has led us to produce a set of energy data From vacious and
fragmentary sources, which fortunately seems largely consistent with reality (see
Section 5.2). Section 4.2 focuses on the alternative values of the carbon tax rate
used in the simulation of the price effects.



4.1. Production of the Matrices and Vectors

The A matrix and the y and x vectors were caleulated and obtained from the
1992 Spanish input-output table, the latest available from the Spanish Institute
of Statistics (INE) at the moment of writing.® In any case, as indicated before,
we expect few variations between the 1992 and the current COs intensities. Our
interest in the actual emissions of Spanish origin has recommended the use of
domestic or internal magnitudes, except in the case of primary use of fossil fuels
where imports were aj30 considered (ses Seciion 5.2).

The ratios of CO; emissions Lo fuel use were obtained from OFICO (159%) for
lignites, and [rom Gay and Proops {1993) for the remaining fossil fuels. Table 2
depicts the e vector for the Spanish economy.

Table 2 e Vector {5x1)

(1) Coal |%50: 2.250
(2) Lignite |50 1.410
(3) Liquid Fuels [AC0p 3,200
(4} Natueal Gas %202 0.055
{5) Mamufsctured Gas kut;.if{%a 0.055

The B and C matrices could be calculated from the official (extended) energy
input-output tables. Unfortunately, the latest and only available energy input-
output table refers to the year 1985 (INE, 1991), which we believe largely outdated
atler the strong changes seen in the Spanish encrey field between 1985 and 1992

Therefore, we decided to produce the B and C matrices from primmary data
on fossil fuel use in 1992 and from the conventional input-output table. Often,
this constituted 2 tough and lengthy tusk due to the fragmentation and/or un-
availability of the required data. The basic sonrce of macro data was the Spanish
cnergy balance, the best available energy information used by the Ministry of the
Envircnment to produce its inventories of emissions. The lack of data on direct
fossil fuel nse by consummers was solved through the use of OECD euergy statistics
(IEA, 1995). Disaggregated data on industrial consumption of fossil fuels were
obtained from the official industtial survey (INE, 1995), althongh fossil fuel use
hy ihe public sector and service sectors hsd to be disaggregated following the
value flows of the conventional input-output table.

Tables 3 and 4 show the produced B and C matrices. We fee! that their
validity is demonstrated by the goud approximation of the estimated overall level
of fossil fuel use, given hy expressions (3.3) and (3.4}, to the actual Agures reported
by the Spanish government (see Ministerio de Medio Ambiente, 1996).

*This Lable is obtainable row vhe INE by renuest. The latest pubiished version of the Spanish
input-outpuh Lable refers to 1989 (INE, 1983,



(tables 3 and 4, here)

4.2, The Carbon Tax Rate

As indicated in Section 2.2, there are two main theorctical options to determine
the earbon tax rate: the actual damage cost method and shadow price spproaches.
While the former provide the estimated benefits from a marginal sbatement of
(07 emissions {implicitly yielding the social costs of emissions), the latter caleu-
late the tax rate as the carbon price required to keep emissions on the socially
optimal path yielded by an intertemporsl optimization model. Such an opti-
inization model may take account of both costs and benelits from reducing CQ»
emissions, or simply minimize the costy Lo attain an exogenous carbon target.!?
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Figure 1: The Actual Marginal Damage Cost of CQs Ernissions

The superiority of the actual damage approach to establish the unilateral
Jpanish carbon tax rate wag aiready pointed out. Fankhauser (1994} estimnated

*The DICE {Nordhans, 1993} or CETA (Peck and Teisherg, 1992) models are examples
of cost-benefit intertemporal optimizacion, whilst Anderson and Williams £1993) ilustrate the
carbon budget alternative, where greenbouse damages do not need to be modeled and valued.
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the actual marginal damage cost of COy emissions by comparing the present
value of the stream of damages associated with the ‘business s usual’ emissions
{ws reported by the IPPC) to thal brought about by a marginal abatement in
the base period. Figure 1 depicts this proeedure, which is only acceptable in the
case of sroall scale CO2 reductions not capable of altering the BAU trajectory
of cuissions. Otherwise, a new trajectory should be caleulated to appraise the
marginal change, thus reducing the practical appesl of this approach.

Table 5 summarizes some resuits of the applied literaturz on this matter,
which we use as an input to carbon tax rate setting. Note that the actual damage
estimate is significantly higher than those reported by shadow price studies, not
only explained by methodological differences but also by Fankhawser's use of
cxpected values instead of the usual best guesses, as the distribution of global
warming damage is skewed to the right.

With this background, the tax rates used for simulation were 3 representa-
tive of the actual damage approach as centrsl estimate (20.3 1990 US$/tonne of
carbon), & representative of the lower eost-benefit estimate (6.0 1980 US$/tonne
of carbon), and the rate of the Eurcpean Commission proposed ‘ecotax’ for 1998
a3 upper cstimate (34.8 1998 US$/tonne of carbou).}' After transforming the
riginal carbon taxes into a tax on CO; emissions and updating the Bgures to
1998 pesetas, the simmulated tox rates (central, lower and upper) arc respectively
1014.7, 300 and 1461.4 pesetas per tonne of COs. '

Table 5 Carbon Tax Rates in Different Studies, 1991-2000

Study 1990 USE/tonne of carbon Type
Peck & Teisberg (1992) 10-12 B
Anderson & Williams { 1993) 25 (1990}-120 {2010) B
Cline (1993) 5.8 124 CB
IMaddison [1994) 0.9-6.1 CB-AD
Nordhaus (1994) best guess=5.3; exp. value=12.0 CB
Fankhauser (1994) exp. value=20.3 Al

Note: CDB=cost benefit; B=carbon budget; AD=actual damage:

How do the previous results compare to implemented tax rates on CQ» emis-
sions? A number of countries of Northern Europe have recently intreduced car-
bon taxes, wilh rates generally higher Lhwn those contemnplated in this exercise.
However, these taxes usually involve revenne-neutral reductions in other CLCTEY

taxes and are seldom levied on energy intensive sectors (see Alvarez, Gago and
Labandeira, 1998}

H'The B ecotax, withou the energy segment. would be levied on the carbos content of fossil
fuels al 4 level equivalent to USE 4 per barrl of oil in 1998 izee Pearson and Smith, 1991},

11



5. Results

3.1. CO; Intepsities and Price Effects of Carbon Taxes

The energy-related (0O intensities, in Kilograms of CO; per peseta, by Spanisly
liput-output sector are the fundamental result of our exercise. They were ob-
tained from the etnpirical inplementation of expression (3.9) and constitute an
essential input tor Lhe disaggregated estimation of Spanish COry emissions and for
the calculation of the price effects from the hypothetical carhon taxes.

Table 6 depicts the total {energy-related) COq intensities by sector and their
decomposition in intensities from fuel e by consumers and from direct and
indirect fuel use by industries {see Section 3 for more details}. As these intensities
should enly refer to Cg emisstons of Spanish origin, we had to use a ‘modified’
Leontief inverse accounting only for domestic intermediste demands sud imported
fossil fuels,

{tables 6 and 7, here)

The Spanish CQ; intensities follow the general trends observed in other Eu-
ropean countrics (see e.r. Proops, Faber and Wagenhals, 1993}, As expected,
energy-intensive sectors such as electricity, gas, coal or transport arc those with
the highest COy intensities. The importance of ‘indirect’ CQy ernissions by in-
dustries, i.e. those which are not actually produced by consumers, is alsa evident
[rom the results {see Lhe third and fourth columns). This clearly sustaing the use
of input-output analysis in our exercise.

Regarding the sifects of the simulated carbon taxes on Spanish prices for. the
year 1898, they were caleuiated from expression (3.8) and are presented in Table
7. As previously indicated, such price changes refer to final consumption and
reflect a full shilt forward of the carbon tax burden by firms.

The second, third and fourth colimns of Tsble 7 show the per cent increase
in prices {rom the alternative values of p, the original carbon taxes levied on
vtnitlers used for simulation (see Section 4.2). As the CQq intensities lead to the
relative differences between seciors, the ranking of price variations {ffth column}
does not depend upon the adoptad carbon tax rate.

'The observed price changes obviously keep the pattern of COy intensities,
with energy-intensive sectors suffering the highest effects in both relative {see the
ranking) and absolnte terms.'? There are also significant coincidences with pre-
vious research on the price effects from the application of the proposed European
energy/carbon tax to Spain (Martm and Veldzquez, 1992}. Nevertheless we found
vomie differences in the *COq ranking’ of energy-intensive and transport sectors,
after introduciug the implicit tax rate employed by Martin and Veldzquez in the
model of Section 3. However, these inconsistencies may be partly explained by

"¥We have nut reported wny price effect on ‘non-market’ sectors.
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their primaty taxation of crude o, their 1se of an input-output price model or
the deep transformations that have oceurred in the Spanish energy and economic
domains between 1985, the base year lor Mart{n and Veldzquez, and 1992,

5.2. Estimating Spanish CO; Emissions

The produced vectors and matrices were introduced in expressions (3.6) and (2.7)
to estimate total and disaggregated (by scetor) Spanish energy-related (00, cmis-
sions. The results of this assessment for the year 1992 are presented in Table 8.
Again, given our sole interest in COy emissinns physically produced by Spanish
sources, ouly domestic magnitudes and imports of fossil fuels were contemplated
in the muodilied Leontief inverse. It should be noted, however, that Spanish im-
ports are responsible for some COy emissions generated abroad and, conversely,
some etnissions produced in Spain should be alloeated to other countries' demand
for Spanish produects.13

The lirst two columns of Table 8 were obtuined from equation (3.8}, respec-
tively depicting the emissions from direct fossil fuel demand hy consumers and
from {direct and indirect) industrial fuel use o vover private consumption. The
third column shows the actual industrial emissions brought sboul by total final
demand, as calculated from equation {3.10). Finally, the fourth colutun yields the
imputed industrial emissions (by sector] brought about by total final demand,
from expression (3.11}.

{table 8, here)

Once more, the difference between expressions {3.10) and (3.11) and between
their associated columns in Table B proves the relevance of input-output analysis.
In fact, a simple asgignment of COp emissions to actual polluters would not
provide the correct information to estimate the price effects of carbon taxation.
Insieas, CO; intensities and the corresponding price changes must be caleulated
from the imputed etnissions by sector.

The distribution of Spanish O emissiona again evidences the relevance of
indirect emissions caused by final consumption. They actually account for ap-
praximately 50 per cent of total emissions, in contrast with a mere 15 per cent of
02 emissions arising directly in final consumption.

Finally, the estimation of ermissions serves to test the consistency of the input-
output demand mudel employed for sll our preceding calculations. In this SEnse,
the estimated energy-related CQy emissions are slightly larger than those provided

¥ Assining identical I matrices (ur Spain ane all the exporcing countries, the CQg pmissions
of Spanich responsibility would increase by 12,000 tonnes per year (a five per cent higher than
the total Bgure of Table 8). Surprisingly, if Spanish exports are not congidersd, Spain would
be responsible lor less thaa 210,000 tonres of GOz per year (a 156 per cent lower than the total
figure of Tahle #).
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by the official Spantsh inventory (231,261 kt; see Ministerio de Medio Ambsicnte,
1396}. It is our view, however, that the divergeuce is small and can he attributed
to the emission ratios used in the ¢ veclor. Previous input-output research on
this issue by Antdn and de Bustos { 1995} has produced even larger CO; ostimates
and some deviation in their relative distribution, probably explained by their
departure from the 1985 Spanish energy input-ontput Lable.

6. Policy Implications

The preceding empirical results suggest a numuher of guidelines for futurs Spanish
climate change policies. First of all, it seems necessary Lo avold focusing all pulicy
actions on the actual CQg emitters. Tnstead, it is preferable to desiyn a strategy
able to modify the behaviour of those responsible for Cs emissions. In this
sense, Il i particularly imperative to improve the energy efficiency of Lhe Spanish
economy deparling, for instance, from the disaggregated information provided by
the energy/economy matrices and the CO; intensities presented in this paper.

A policy jnstrument simply levied on actual etergy-related emissions by fi-
nal consumers exemnplifies the ahove mentioned limitations of a partial climate
chauge strategy. As indicated in Section 5.1, nost CQq emissions by final con-
sumers are tndirect and thcrefore a comprehensive approach accounting for the
energy requirernents of final demand is necessary. Otherwise, the environmental
effectiveness of the policy instrument will be very limited indeed.

The results of our carbon tax simulations reinforee the well-known theoretical
support, for this policy instrument. The tax incidence s rather moderate it terms
of prices, althaugh concentrated in some key economic sectors. This means a high
policy feasibility, as lung as the key affected sectors are somehow compensated.
In fact, the experiences with carbon taxes in Europe demonstrate that such pref-
erentinl tax ireatments are common.”® As a whole, the practical feasibility of
carbon taxes and their substantial revenues have actually defined the so called
green tax reform modcl {Alvarez, Gago and Labandeirs, 1598).

Of eonrse, our input-output exsrcise has assured a somewhat unrealistic aliift
forward of the tax burden to consumption. In a way this iz positive because the
carbon tax beeomes a comprehensive environmental instrinnent that is paid by
the fina] sources of the problem and that will nmodify their consuting belaviour.
However, [rom a policy perspective such » concentration of the tax indycetnents
in final consumption is a major shortcoming of our ansiysis, as the adopted

" Compured 1o most EU countries, Spain slows unfavourable energy intensity ratics wr in
linal energy nse/GDF [Labandelrs, 15497).

'""This is muinly related to the adverse effects of wnilateral carbon Laxes on the markets [or
energy-ineensive produces of the country. Given the WT0's logal objelinns to measures desigued
tir protect inlernal and external markets sgainst non-taxed foreign produces, most connkriss have
apted {or wide carhon tax exemptions,



hypotheses disregard the potentially sizable environmental and economic cfferts
of the carben tax on the intermediate agents. Completing the study of the effects

frow carbon taxation in the Spanish supply side constitutes an obvious extension
of this research,

7. Conclusions

"This article responds to the current and pressing need Lo comtrol Spanish C();
emissions in an efficlent nanner. In this sense, it identifies the actnal and imputed
sources of COs emissions and it advoeates and sirnulates the use of environmental
taxation to curb Spanish greenhouse gas emissions.

‘The paper has provided a new disaggregated estimation of Spanish encrgy-
related CO» emissions and of the price offects from alternstive bypothetical carbon
taxes in Spain. These results were largely derived from the calculation of the 1092
Spanish coergy-relaled CO; intensitics throngh an input-cutput demand model.

"The empirical assessment of Spanish COy cmissions and of the carbon tax ef-
fects calls for the adoption of a comprehensive strategy in Spanish climate change
policies. Ouo the one hand it seems necessary to improve the overail cHiciency ol
the Spanish energy system, not merely [ocusing on the actual GOy emitters, On
the other hand carbon iaxes appear to be a fersible and efficient instrument, both
in cnvironmneutal and economic terms.

i
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Table 3 B Matrix (57x5); kilotonnes {(1)42) {3)} and terajoules {
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Table 4 C Matrix {57x5); kilotonnes {(1} {2) (3)} and terajoules {{4) (5)} per million 1992 pesetas
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Table 6 Partial and Total CO; Intensities, 1992

INDUSTRY e*C? ] e'B’ e'B*(I+A+...) u

kg COz/ptas) | (kg COz/ptas) | (kgCOz/ ptas} | (kg COz/ ptas)
{1} Agriculture, Forestry &
Fishing 0.0 0.0014873 0.0028153 D.0043026
(2) Coal Mining 0.07875(Q 0.0006893 0.0032331 0.0826720
(3) Lignite Mining 0.015510| 0.0017840!] 0.0031965] 0.0204500
{4) Cake g.4q 0.0001812 0.0037453 0.003%265
(5) Qil B.0 Q.0002814 0.00124%6 0.0015010
{6} Oil Processing 0.028800 0.0041383 0.0004242 0.0333630
{7} Natural Gas 0.037125| 0.0028516 ¢.0004415| 0.0402180
(8) Water 0.0 0.0014137| 0.0052442[ 0.0066586
(9 Electricicy 0.0 0.0410070 0.0048287 0.0458360
(10} Manufactured Gas 0.028765 0.0 0.0019357 @.0307050
(11) Nuclear Fuels 0.0 0.0 0.0025963 0.0025963
(12) Iron & Steel 0.0 0.0011823] 0.0046635| 0.0058458
(13) Non-Ferrous Metals 0.0 0.0012082 0.0075275 0.0087357
(14} Cement 0.0 0.0222660 0.0054939 0.0277600
(15) Glass 0.4 0.0106560 0.0038617 04.0143180
{16) Ceramics & Bricks 0.0 ©0.0154110 0.0047872| €.0201980
(17) Other Minerals 0.0 0.0022477 0.0061630| @.0084107
(18) Chemicals 0.0| 0.0023802| 0.0036306| 0.0060108
{19) Metal Products 0.0 0.0005442 0.0022171 0.0034612
{20) Agricultural &
Industrial Machines ¢.0| 0.0002112 0.0013366| 0.0021478
(21) Office Machines o.a 0.o000219 0.0002007 0.00029316
(22} Electrical Products 0.0 3.0001905 0.0015%026 0.0020931
{23} Motor Vehicles C.0 0.0003026 0.0028844 D.0031870
{24) Dther Vehicles 0.0 0. 0001757 0.0017352 0.0019%L5%
{25) Meat 0.0 0.0002416 0.00327574 0.0039%58(
{26) Milk G.0 0.0005638 0.0035873 0.0048811
(27) Other Faod D.0| 0.0012165 0.00288480] 0.0041045
(28) Drinks .0 0.0007746 0.002839%9 3.0036145




INDUSTRY fcont,) e . eB(IrAt.) .

(kg COr/ptasy | (kg CO2/ pias) {kg COz/ ptas} | (kg COz/ ptas)
(29) Tobacco 0.0 0.000075E 0.0009743 0.0010501
(30} Textiles & Clothing B.0] 0.0005798| 0.0022496] 0.0028293
(31) Leather & Footwear 6.0 0.0002932 0.0020863 0.0023795
{32) Timber & Furniture 0.0 0.0000799 0.0028580 0.002937%
(33) Puip & Paper 0.0 0.0057972 0.0043131 0.0107100
(34) Printing 0.0 ©.0003759| 0.0030448| ¢.0034207
{35) Rubber & Plastics .0 0.0005212 0.0025513 0.003072¢6
(36) Other Manufacturing 0.0 0.0000839% 0.0017685 0.001B525
(37) Construction 0.0 0.0004225 0.0029503 0.0033728
(38) Recovery & Repair 0.0 0.0001273 D.001802%9 0.0019302
(39 Commerce g.0 3.0000853 0.0012971 0.0013524
(40) Restaurants & dotels 0.¢ 0.0002163 0.002544¢ 0.0027609
{41) Railways 6.0{ 0.0023012| 0.0077284| 0.0103000
{42) Road Transport 0.0 0.0147€00 0.0014267 G.0161870
{43) Sea Transport 0.0 0.0246010| 0.0015466| 0.0261480
{44) Air Transport 0.0 0.0157210 0.0Q014385 0.017155%(
{45) Services for Transport 0.0 0.0000941 0.0011776 0.0012717
{46) Communications 0.0 0.0000247 0.00072595 0.0007542
(4T Credit & Insurance 0.0 0.0000145 0.0006210 D.0006355
{48) lmputed Production to
Banking Services G.0 0.0 0.0 0.0
(49) Services to Firms 0.0 0.0001416 0.0006274 0.0007690
(50) Real-Estate Renting 0.0 0.0000061 G.0006784 0.0006845
{51y Education & Research
(Markex) 0.0 2.0001558 0.001344%7 0.0015004
'(52) Henith (Market) 9.0| 0.0000861| 0.00.0377| 0.0011238
(53) Other Services (M) 0.0 0.000083%| 0.0010381| 0.0011221
(54) Public Services ¢.0 0.0001693 0.001478% 0.0016482
{55) Education & Research
{Non-Market) 0.0} 0.0000921F 0.0008677| 0.0009598
(56) Health (N-M) 0.0 ©0.0000955( 0.0012732| 0.0013687
(SﬂﬂtherSewices{N-M) a.g 0.0000838 0.0006251 0.0007089




Table 7 Price Effects of CO2 Taxation in the Spanish Economy, 1998

Cost-Benefit | EU proposals | Actual Damage | Ranking
INDUSTRY (" increase) | {% increase) (% increasc)

(1) Agriculture, Forestry & Fishing 0.12908 0.62861 0.43628 21
(2} Coal Mining 2.48017 12.07844 8._38298 1
(3) Lignite Mining 0.61471 2.99366 2,07773 8
{4) Coke 0.1178Q 0.57366 0.39825 24
(5) Oil 0.04503 0.21930 0.15220 41
{6} Oil Processing L.000B8 4.87426 31.3829%¢5 4
{7) Natoral Gas 1.20655 5.87587 4.07812 3
(8) Water 0.19976 0.97281 0.67518 17
(%) Electricity 1.37507 6.69660 4.64774
(10} Manufactured Gas 0.52114 4,4859¢6 3.1134¢ 5
(11) Nuclear Fuels 0.0778%9 0.37532 0.26327 34
(12) Iron & Steel 0.17537 0.85407 0.59276 15
(13) Non-Ferrous Metals 0.26207 1.27629 0.88580 15
(14} Cement 0.83280 4.05574 2.81487 [
(15) Glass 0.42954| ~2.0%185 1.45184 12|
(16} Ceramics & Bricks 0.60585 2.95098 2.04811 9
(17) Other Minerals 0.25232 1.22880 0D.85284 15
{(18) Chemicals 0.18032 0.87818 0.60545 18
(19) Metal Products 0.10384 0.50568 0.35097 26
(20) Agricultural & Industrial
Machines 0.06443 0.31379 0.21779 36
(21) Office Machines 0.027%5 0.13611 0.0944¢ 48
(22) Electrical Products 3.0827% 0.30580 0.21224 a7
(23) Motor Vehicles 0.09561 3.46561 0.32315 29
{24} Other Vehicles 3.05748 0.27981 0.13427 349
(25) Meat 0.11997 0.58426 0.4055D 23
(26) Milk 0.13653 0.66452 0.46148 20
(27) Other Food 0.12314 0.59967 0.41620 2z
{28) Drinks 0.10844 0.52B08 0.36651 25




INDUSTRY (eonz,) Cos‘t-ﬂeneﬁt EU [r:-ruposals Actual Damage | Ranking
(% increase) | (% increase) (% increase)

(29) Tobacco 0.03153% 0.1%53413 0.10648 47
(30} Textiles & Clothing 0.08488 0.41337 0.28689 32
{31) Leather & Foutwear 0.07138 0.34764 d.241218 35
(32) Timber & Furniture 0.08814 0.42923 0.29790 31
(33) Pulp & Paper 0.32131 1.56477 1.08602 13
(34) Printing 0.10262 0.46977 0.3488¢ 27
{35) Rubber & Plastics ¢.09218 0.44850 0.3115% 30
(36} Other Manufacturing 0.05557 0.27064 0.18784 4a
(37) Construction 0.10118 0.492771 D-34200 28
(38) Recovery & Repairs 3.05730 0.28200 0.158572 35
(39) Commerce 0.04057 0.19758 0.13713 43
(40) Restaurants & Hotels 0.08282 0.40337 0.27998 33
(41} Railways 0.300849 1.48534 1.01701 i4
(42) Road Transpert 0.48552 2.36495 1.64138 11
(43) Sea Transport 0.78444 3.82022 2.65141 7
{44) Air Transport 0.51478 2.50697 1.73995 10
(43) Services for Transport 0.02815 0.18579 0,12895 44
{46} Communications 0.02283 0.11020 0.07648 50
(47} Credit & lnsurance 0.01501 0.08285 0.06444 52
(48) Imputed Productlon to
Banking Services 0.0 0.0 0.0 53
(49) Services to Firms 0.02301 0.ll235 0.077%7 49
(50} Reai-Estate Renting 0.02054 0.10001 ¢.06541 51
(31) Education & Research
{Market} D.04501 0.21920 0.15214 42
{52) Health (M) 6.03371 0.156418 0.11395 45
(53} Other Services (M) 0.03366 0.16394 0.11378 48

{54) Public Services

{55) Education & Research {Non-

Market)

{56) Health {N-M)

{37y Other Services (N-M)




Table 8 CO»

Emissions from Fossii Fuel Combustion, 1992

Direct Emissions

Indirect Emissions

‘Actual’ / ‘Imputed®

INDUSTRY from Consumption | from Consumption | Industrial Emissions
(1000 tonnes) (1000 tonnes) (1000 tonnes)

(1) Agriculture, Forestry &

Fishing 0.0 5,156.2) 6,609.5 4,760.4
(2} Coal Mining 2,217.5 109.2 175.4 11¢.5
(3) Lignite Mining 12.8 B7.3 12B.7 4.1
(4} Coke 0.0 1.6 7.8 4.3
{5) 011 0.0 6.2 9.1 0.2
(6) Oil Processing 34,573.8 8,106.5(11,801.1] 6,580.4
(7) Natural Gas 1,6882.5 385.7 565.2 140.2
(8) Water 0.0 332.1 416.5 784.8
(9) Electricity 0.0 63,852.6(93,939.2[27,425.3
(10} Manufactured Gas 346.8 0.0 0.0 23.4
(11} Nuclear Fuels 0.0 0.0 0.0 0.6
{12) fron & Steel 0.0 248.6| 1,449.2] 1,833.9
{13} Non-Ferrous Metals 0.0 B4.8 456.5( 1,143.7
(14) Cement 3.0 561.1] &,118.1 275.40
(15) Glass 0.0 1,216.2| 2,851.1 776.9
(16) Ceramies & Bricks 0.0 763.3| 5,800.9] 2,5%2.1
(17) Other Minersis 0.0 362.5| 2,196.6 670.7
(18) Chemicals 0.0 3,093.0( 5,58B8.3| 7,184.8
(19) Metal Products 0.0 234.81 1,041.7( 2,495.§
(20) Agriculturaf &

Industrial Machines 0.0 47 .8 254.0| 1,427.2
{21) Office Machines 0.0 2.0 10.% 315.8
(22) Electrical Producis 0.0 60.6 297.3| 2,109.6
{23) Motor Vehicles 0.0 188.0 861.3] 7,152.4
(24) Other Vehicles 0.0 20.4 128.7 919.0
(25) Meat 0.0 417.5 446.0| 5,709.7
(26) Milk 0.0 629.86 664.8{ 2,651.7
{27) Other Food 0.0 3,156.1| 3,B72.8| 6,861.4
(28) Drinks 0.0 715.4 823.8| 1,478.2




Direct Emissions

Indirect Emissions

‘Actual’ / ‘Imputed’

INDUSTRY {cont. } from Consumption | from Consumption | Industrial Emissions
(1000 tonnes} (1004 tonnes) { 1000 tonnes)

{29 Tobacco 0.0 38.2 38.5 532.8
(30} Textiles & Clﬂthil‘lg a.0 873.¢ 9l2.4| 3,355.18
(31) Leather & Footwear 0.0 119.0 186.7| 1,225.1
(32) Timber & Furniture 0.0 34.8 74.5| 1,829.9
(33} Pulp & Paper 0.0 757.%| 1,784.6 955.2
(34) Printing 0.0 247.6 403.0{ 1,19%1.2
{35) Rubber & Plastics 0.0 229.3 571.4 827.7
(36) Other Manufacturing 0.0 20.4 33.6 501.1
(37) Construction 0.0 534.6{ 3,910.5(26,183.9
{38) Recovery & Repairs 0.0 231 .4 275.0f 2,798.2
(3% Commerce 0.0 451.1 524.7|10,117.0
{40) Restaurants & Hotels 0.0 l,687.8| 1,774.1(20,815.2
(41) Railways ¢.0 264.5 426.4( 1,151.2
{42) Road Transport 0.0 21,752.2|36,150.5|18,107.9
(43) Sea Transport 0.0 1,034.41 4,600.9| 4,241.7
(44} Air Transport 0.0 3,578.1| &,634.7| 7,085.9
(45} Services for Transport 0.0 41.2 74.6 391.s6
{46) Communications 0.0 21.8 31.2 n2.1
(47) Credit & Insurance 0.0 1G.8 17.6 3287
{48) Imputed Production to
Banking Services .0 ¢.0 a.0 0.0
(49} Services to Firms 0 203 .4 S88.0} 1,153.7
(50) Real-Estate Renting 0.0 24.3 26.3{ 2,330.5
(51) Education & Research
(Market) 0.0 75.8 91.1 704.8
{52) Health (Market) 0.0 T4.0 94 .5 945.3
(53) Other Services (M) 0.0 153.7 l82.8| 1,992.2
{54) Public Services 0.0 0.0 980.5] 9,544.4
(55) Education & Rescarch
(Non-Market) 0.0 6.7 177.4| 1,849.6
(56) Health (N-M) 0.0 0.0 233.8| 3,351.3
(57) Other Services (N-M) 0.0 51.0 51.0 430,9
TOTAL  248214.1 kt 38,833.2 122,620.9 209,380.8
per cent 100.0 15.65 45.40 d4.35
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