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Can Climate Change Mitigation Policy be Beneficial for the I sraeli Economy?
A Computable General Equilibrium Analysis

Ruslana Palatnik and M ordechai Shechter

Abstract

The growing attention to global warming due to glemise gas (GHG) emissions in the
process of fossil fuel--based energy productionexpressed in the Kyoto Protocol, which
prescribes, on average, a 7 percent reduction i @hrtissions for developed countries. Although
Israel was not included in the list of the oblightuntries ("Annex A"), it should consider the
economic implications of participating in the enss reduction effort, as such a commitment
becomes highly feasible following the Bali roadnvéch oblige a successor to the Kyoto Protocol
to launch negotiations including all partiesthe UNFCCC on a future framework, stressing the
role of cooperative action and of common thougfedsntiated responsibility.

This study aimed to quantify the economy-wide counsaces for Israel of meeting the targets
of the Kyoto Protocol, employing a Computable Gahé&mquilibrium (CGE) model of the Israeli
economy. Initially, to this end, we constructedagial accounting matrix (SAM) to serve as a
benchmark by combining physical energy and emissiata and economic data from various
sources. The efficacy of decentralized economientives for C@emission reduction, such as
carbon taxes on emissions and auctioned emissiomtsewas assessed in terms of their impact on
economic welfare. In addition, we tested for theusng so-called double dividend.

Two distinct cases were analyzed. In the first, eveetested a revenue-neutral environmental
policy which proportionally cut pre-existing taxesabour supply was assumed to be exogenously
fixed. The results showed that, although signific®®, emission reduction can be achieved,
followed by modest economic cost, no double divileould be discerned. Next, in order to
check for the employment double dividend (lower,Gnissions and lower unemployment), we
introduced labor market imperfections, with the aifrcutting income tax. The results of this case
indicate that an employment double dividend is jidssinder a rather standard set of assumptions.
Moreover, for higher substitutability between timery composite input and the labor-capital one,
an even “strong” form of double dividend can beanied.

We performed several sensitivity analyses with eespo the modeled production function,

which re-confirmed the finding that higher subgtdn possibilities lead to lower welfare costs
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associated with a given emission reduction targie qualify this general result by also showing

that the opposite holds when the emission taxisakeld constant, rather than reduced. It may be
concluded on the basis of this analysis that a ldodividend may be an achievable goal under a
GHG emission reduction policy in the case of ecolesrsuch as Israel. The CGE approach applied
in this research is adopted for the first timehe tsraeli economy and should contribute to better

informed debate on environmental policy in Israel.
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1. Introduction

As a party to the UNFCCC since May 1996 and agaasory to the Kyoto Protocol since
December 1998, Israel is committed to fulfilling bligations for reducing GHG emissions into
the atmosphere. Israel is defined as a develomngtcy under the Convention and not included in
Annex |. However, the roadmap of the Climate ChaBigeference in Bali identifies that Israel may
become obligated for GHG reduction in the followpast Kyoto agreements.

Although the baseline year for Annex | countried®90, Israel has set its baseline year for
compliance with the obligations of the UNFCCC aS@@ue to the unprecedented growth in both
population and economy which occurred during thst fpart of the decade. During this period,
nearly a million immigrants arrived in the counttlyus increasing the population by almost a fifth
and bringing about a sharp increase in energy nd@as a consequence, GHG emissions.

A number of special circumstances dictate the rfeednitigating the effects of climate

change in Israel including the following (IFNCC@@®):

. Israel's population density and its location atékge of the desert make it especially
vulnerable to climate change. Some 60% of the @tjoul resides in a narrow coastal
strip along the Mediterranean Sea; 90% of the @i is concentrated in 30% of
the land area in this Mediterranean region.

. Israel's freshwater resources are limited and apmemndent on seasonal rainfall to
replenish groundwater and surface sources. Climatmge may affect the rainfall
regime.

. The coastal strip, with its vital infrastructurestural resources and phreatic aquifer is
particularly vulnerable to rising sea levels.

. Technologies for reducing GHG emissions in différesectors (e.g., electricity
generation, transport, waste, agriculture, heatowing of buildings, etc.) are
expected to carry additional advantages such assemi reduction from other

pollutants which damage public health, infrastroetand water sources.

The contribution of sectors to total @@quivalent emissions is presented in Figure 1faBy
the largest source of GQmissions is the oxidation of carbon when fossél$ are burned to
produce energy. Cement production is the most itapbmon-energy industrial process emitting
CQO,. The contribution of GHG emissions from agricuttis dominant. Emissions are attributed to
direct emissions from agriculture soils, manure ag@ment and animal grazing, and indirect

emissions from agriculture.



Figure 1: Contribution of Sectorsto Total CO, Equivalent Emissionsin Israel in 1996:
(Source: IFNCCC, 2000)
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The contribution of GHGs to total GCGequivalent emissions is shown in Figure 2. The
proportions of methane (GHand nitrous oxide (pD), as opposed to that of carbon dioxide §ZO
are small. This analysis centers on carbon dioaislement alone. However, since the quantities of
N2O and CQ emitted in fuel combustion are correlated, abatenoé the latter will cause some
decrease of the former. Methane abatement mostigecns treatment of solid waste and therefore
may be omitted from the discussion as it requirdgfarent kind of consideration.

Figure 2. Contribution of Greenhouse Gasesto Total CO, Equivalent Emissionsin Israel in
1996: (Source: Avnimelech, Y. et al., 2000)
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Table 1 summarizes the emissions and removals of CH, and NO from the different
sectors of the Israeli economy as estimated for6188ethane and nitrous oxide emissions are
converted to a CPequivalent by means of the Global Warming Potér{teWP) which is a

measure of the radiative effects of the differert&3 relative to CQ@



Table 1: Summary of GHG emissions and removals (1996, kilotons): (Source: IFNCCC, 2006)

CO, CO,
Sector CO; CHs | N2O |equivalent| equivalent
(20 years) [ (100 years)
Energy (Fuel combustion) 50,344 | 3.55 0.58 50,705 50,599
Energy Industries 28,46p  0.57 0.36 28,599 28,590
Manufacture & Construction 6,720 0.23 0.qQ7 6,792 746,
Transport 11,031 2.18 0.12 11,187 11,114
Commercial/Institutional/Residential 3,520 0.49 | 0.02¢ 3,555 3,539
Agriculture 607 0.08 | 0.00% 612 610
Industrial Processes 1,889 1.73 2,373 2,425
Cement Production 1,673 1,673 1,673
Lime Production 107 107 107
Soda Ash Use 17 17 17
Ammonia Production 92 92
Nitric Acid Production 1.73 484 536
Agriculture 42.4 381 3,441 2,071
Domestic Livestock 32.4 1,814 680
Manure Management 10 0.8 784 458
Soil Emissions 3.01 843 933
Forestry -370 -370 -370
Waste 380 21,280 7,980
Municipal Solid Waste 370 20,72( 7,770
Waste Treatment 10 560 210
Total 51,863 | 4255 | 6.12 77,429 62,705

To conclude, as a small country, Israel is alsonallscontributor to global warming. Israel
contributes less than 0.5% of global carbon emissiavhich is approximately the level of
emissions of such countries as Austria and Denniekertheless the sensitivity of the country to
the impacts of the impending global and regionanges, on the one hand, and international
incentives, on the other hand, dictate the intemgmatof national policy with international
agreements.

This study aims to quantify the economic consegeemd meeting the targets of the Kyoto
Protocol. Both the Computable General EquilibrivtdGE) model of the Israeli economy and a
social accounting matrix (SAM) with energy and esmoa data are constructed specifically for this
purpose. The efficacy of economic incentives forGEmissions reduction, such as taxes on the
emission and auctioned emission permits, are as$essl considered in terms of their impact on

the country's economic welfare

! Summary of GHG emissions and removals table update2D04 is presented in Appendix A, table A.1.
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In addition, the study tests the possibility foutite dividend. The question as to whether the
strong form of double dividend or employment doublleidend holds, heavily depends on the
structure of the economy. While a green tax refarikely to fail to increase non-environmental
welfare in economies with functioning labour masket may succeed in economies suffering from
involuntary unemployment. We check this statemearidforming the basic model assumptions on
labour market structure and tax revenue recychistesn.

The next chapter reviews studies focused on th@eauom aspects of global warming in
Israel. Chapter 3 describes the structure of tagcstnergy-environment CGE model employed in
the research, followed by a discussion of the adatahapter 4. Chapter 5 presents the results of the
simulations produced with the model assuming angemous labour supply. Alternatively, in
Chapter 6 economic incentives to reduce,@issions are replicated under the assumption of
labour market imperfections and different greenigyokevenue recycling scheme. Chapter 7

summarizes, concludes and outlines the areas #raamt further research.
2. Literature Review

This review focuses on research assessing globahiwg impacts on the Israeli economy.
Most of the related literature deals with evaluated "market damages”, i.e. industry based cost/
benefit assessment:

Haim et al. (2007) explored economic aspects ofcaljural production under projected
climate-change scenarios by the “production fumctiapproach, as applied to two representative
crops: wheat and cotton. Results for wheat variedray climate scenarios; net revenues became
negative under the severe scenario, but may inereader the moderate one. By contrast, under
both scenarios cotton was found to experience siderable decrease in yield with significant
economic losses.

Kan et al. (2007) followed a series of two previstgdies: a preliminary study by Yehoshua
and Shechter (2003), who employed a simple prooludiinction model approach to assess the
economic impact of climate change on the agricaltsector in Israel; and a more elaborated study,
using the same production function approach, byistadet al. (2003). Kan et al. developed a
model that enables assessment of climate-changactsymn optimal agricultural management,
where adaptation to water quality and quantity gleans considered endogenously with respect to
both the extensive and intensive margins.

Yehoshua et al. (2007) analyzed the major impaseaflevel rise — manifested principally in
land loss due to inundation and erosion - on Isddkediterranean coast. Given the specific and

rather unique nature of the Israeli coastline, gtigdy has employed specific tools to assess the



damages. The economic assessment focused mainbluing the beaches as a public resource for
recreation, using methods such as CVM and TCM.

Avnimelech, Y. et al. (2000) scanned GHG pollutsectors of the Israeli economy and
provided sector based policy guidelines for GHGs=mon reduction in the form of technical and
economic measures.

A small selection of studies attempted to evaluhte economy wide costs and benefits of
global warming mitigation. Tiraspolsky (2003) examnil the effectiveness of a national carbon tax
scheme applied to different emitting sectors argpacted some distributive and competitiveness
effects arising from this application. The argumémt modest-level regressivity of tax in the
residential sector was confirmed by partial analysidistributional incidence of a modeled carbon
tax of NIS* 70 per ton of C@

Gressel et al. (2000) assessed the demand fundiiwniossil fuels and electricity and
analyzed welfare losses caused by carbon taxekese goods. However, this approach evaluated
costs for energy addicted sectors without incorogesubstitutes.

The Israeli economic literature lacks a researclchvanalyzes the economy-wide effects of
economic incentives for GHGs emission mitigationageneral equilibrium modeling basis. As
previously shown, the most important GHG carborxidi®, which is an anthropogenic emission, is
largely due to the combustion of carbon-rich fofisélls. On the supply side of the economy, fossil
fuels are the sole large-scale source of energifewh the demand side, energy is employed as an
input to virtually every activity, raising concertizat even modest taxes or gquantitative limits on
CO, emissions will precipitate large increases in gpaurices, reductions in energy use, and a
decrease in economic output and welfare. The ecg+wiate character of the issue implies that
elucidating the impacts of carbon taxes requireskind of analysis for which CGE models are
particularly well suited (Wing, 2004). Thereforayrdirst goal is to construct a CGE model which
would best reflect the Israeli economic structurnéhwdetailed disaggregation of energy flows.
Lacking the traditionally used GTARor SEEA databases, we constructed a consistent Social
Accounting Matrix for Israel in 1995. By applyingag model to this benchmark we aim to answer
the following research questions:

1. In what range would a carbon energy tax/ tradablenfi prices need to lie in order to meet

the Israeli potential Kyoto target for energy-rethemissions of C£7% reduction)?

ZNIS — New Israeli Sickles is the Israeli nationatrency.

*The latest availableGTAP6 database (Dimaranan, 2006) doesn't includaggjregation for the Israeli economy. The
data on the Israeli economy appears as a parRebt of the Middle East Countries”.

4 The system of integrated economic and environmextabunts (SEEA) developed by United Nations e{20103)
provides a framework for such a dataset, but itwdas/et been implemented in Israel.
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2. What impact would this type of a carbon tax/ trddgbermit system have on the Israeli
economy, welfare and emissions?

3. How would this carbon tax/ tradable permit systeffech sectoral output, household
consumption patterns and demand for the variougggrm®mmodities?

4. How will a “sensitivity analysis” effect the modedsults?

5. Is an (employment) double dividend possible forldraeli economy?

6. How do the following schemes for recycling the mawe of the carbon tax/ tradable permit
system affect the results regarding:

* Proportional tax reduction

* Reduction of the labour tax rate
3. The Static Energy-Environment CGE Model for the | sraeli Economy

Our research introduces the first energy-environr@$BE model for Israel with specific
detail in the area of taxation. It is a structurahl, static model of a small open economy witlr fo
energy commodities, 14 other commaodities, a goventjran investment agent, a foreign agent and
a single representative household. It incorporaesrgy flows among producers and between
producers and consumers.

CGE models are simulations that combine the alistgameral equilibrium structure
formalized by Arrow and Debreu with realistic econo data to solve numerically the levels of
supply, demand and price that support equilibrimoss a specified set of markets. CGE models
are a standard tool of empirical analysis, andwadely used to analyze the aggregate welfare and
distributional impacts of policies whose effectsyntge transmitted through multiple markets, or
contain menus of different tax, subsidy, quotarangfer instruments. Examples of their use may be
found in areas as diverse as fiscal reform andldpreent planning (e.g., Perry et al 20@GUnning
and Keyzer 1995), international trade (e$hjelds and Francois 1994; Martin and Winters 1996;
Harrison et al. 1997), and increasingly, environtaeregulation (e.g., Weyant 1999; Bovenberg
and Goulder 1996; Goulder 2002). Kremers et al022(rovide a survey of CGE models for

climate change policy analysis.

3.1. General Features
The general structure of this computable generailibgum model is a familiar one which
has been used frequently in a number of applicatiamcluding the analysis of the effects of
greenhouse gas emissions restrictions, as notedeabidhe standard assumptions of market
clearing, zero excess profits and balanced buagetdch agent apply. Commodity markets merge

primary endowments of households with producer wistpin equilibrium the aggregate supply of



each good must be at least as great as the tt¢éainediate and final demand. Producer supplies
and demands are defined by producer activity lewsld relative prices. Final demands are
determined by market prices. The model is calilokédethe benchmark data.

A less common feature is the separation of aatiwitirom commodities which permits
activities to produce multiple commodities, whileyacommodity may be produced by multiple
activities. In addition the model allows to expttr¢ imported commodities adopting the Armington
assumption, as explained in section 3.3. It is ragslithat the economy is in equilibrium in the
benchmark. A policy simulation is implemented asaunter-factual’ scenario, which consists of
an exogenous set of shocks to the system. The roatjait shows the state of the economy after all
markets have reached a new equilibrium, i.e., wedaot a comparative-static analysighe
sectors and commodities are described in appendixeBfollowing sections present an overview of

the model.

3.2. Production Sector

A firm can choose the quantity of each of the comitres it can produce. The output is
divided among the produced commodities with a EHilinction, where the elasticity of
transformation is equal to zero for all industrigéhis perfectly inelastic function ensures that the
shares of commodities produced, in terms of quamntmain the same during all simulations. The
production process is represented by a nested gtiodufunction as depicted in Figure 3 below. In
the figure, the Allen elasticities of substitutiane indicated with ‘s:’ and are identical for each
industry in the nest. The top-level function is aohtief function (s:0) which determines the
producer’'s demand for the aggregate factor inputbbr, capital and intermediate energy KLE,
and each of the intermediate (non-energy) inputd M(KLEM’ structure). CESfunctions are
applied for levels two to five of the productionnfttion. The elasticities of substitution between
labourL and composite capital and ener#}, and between aggregate enekggnd capitaK are
adopted from Kemfert (1998)Elasticities for theE andFOS nests are borrowed from GTAP-EG
(Rutherford & Paltsev, 2000). Finally, crude oildanil productsare aggregated in a Leontief
function, as crude oil is only used in the oil nefly and any substitution between these two fuels

should not occur.

® Dellink (2005) shows how the modeling framework d@nexpanded to a fully dynamic analysis and disesishe
validity of the comparative-static approach as ppraximation. A good example of a dynamic multicegl model for
climate policy is given in Boéhringer and Welsch @2).

® CET=Constant Elasticity of Transformation

"KLEM is an acronym commonly used in environmentr@mic modeling to identify production functiomutture
nesting type of capital (K)-labour (L)- intermedianergy composite (E)- intermediate (non-enenmgyy)its (M)
8CES=Constant Elasticity of Substitution

% Kemfert (1998) econometrically estimates L-KE andEelasticities for German industry overall to h&4% and
0.653, respectively. It is assumed that the Isemnomy has equal flexibility to German industry.
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Figure 3: Nesting Structure of the Production Function
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In recent few years, electricity has been produnddrael using natural gas too, but the latest
Input-Output table of 1995 which was used in strting the benchmark lacked the data on natural

gas flows.

3.3. International Trade

To accommodate the possibility that imported comitrexl are exported, the Armington
assumptioff is applied in combining domestic productigand importd M, using a CES function.
The resulting homogeneous ‘Armington commaoditieg’ @ither sold in Israel or exported. A CET
function determines the scope for choice betweenesdtic demand and export. The elasticity of
substitution between Israeli made products and rep(ihe Armington elasticity in the CES
function) as well as the elasticity of transforroatbetween domestic sales and exports in the CET
function, are set equal to 4 (Dellink, 2005). Thisates substantial flexibility in choices aboug th

destination and source of commodities.

10 Assumption: that imported and domestically producechmodities are substitutes of each other, butpeofect
substitutes. This solves the problem that the ddntkof good is found to be both exported and ingxbin actual trade
data which is inconsistent with the Heckscher-Ohlimdel under perfect competition (Armington, 1969).
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3.4. Consumption

Total domestic supply of each commodity is assurtedexactly meet demand (market
clearing). Total demand is made up of intermedi@®mand and final demand, including household
and government consumption, investment and expbnistmediate demand is dealt with in the
production discussion. Household consumption, adl we investment are driven by the
maximization of a Cobb-Douglas utility function $edt to a budget constraint. Therefore, these
agents respond to price incentives but keep theesbiatheir budget spent on each commaodity
fixed.

The household sector is represented by a singleeReptative Agent (RA). In our model, 18
different goods exist — corresponding to producBeetors. The RA demands consumption goods
and saves the remainder of her disposable incomme.cbnsumer’s objective is to maximize her
utility, subject to her budget constraint. Utilisyobtained from consumption goods according to a
Cobb-Douglas utility function. The RA owns all facd of production, i.e., labour and capital. The
RA’s income is made up of a net income derivingrfrine supply of labour and from the rental of
capital plus net transfers. Household savings aogenously fixed and equal to the sum of the
government’s budget surplus and the balance okttmdplus less investments and the value of
increases in stock. This ensures that the finaruyielle is closed. RA consumption is taxed at a
constant rate. Carbon emitting commodities are #sed or under the obligation to purchase
emittion permits in the counter-factual scenarios.

Government consumption and export are driven byntlagimization of a Leontief utility
function subject to a budget constraint. A Leontigfction ensures that the shares of commodities,
consumed by government, remain unchanged in tefrggamtity during all simulations. This is a
logical assumption, since the government consumptexision is hardly driven by the market. The
government raises taxes to obtain public revenidstat the same time, gives net transfers, to the
RA and abroad, and demands goods and serviceg Biadehavior of foreign consumers is not
included in this single-country model, the Leonfigfiction is used to keep the relative quantities o
the different exported commodities fixed. Expornts tiaded for foreign exchange, which is used to

pay for imports. Balance of payment equals nebirtgp

3.5. Taxation
One of the main distinctive features of the modelits relatively detailed modeling of
taxation. Seven taxes are modeled, out of whiclpthReexistingj.e. present in the benchmark are:
net taxes on products; net taxes on productiorestadn consumption; labour tax; capital tax and
import tariffs. In some cases the indirect taxes ra@gative, indicating that subsidies are greater

than taxes for that industry. Taxes on consumpéitn the share of indirect taxes on purchased
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products paid by the RA. The share of labour tak @apital tax was calculated based on Ben Gad
(2004) estimations.The energy tax and the tradable emission permggesy are introduced as
counter-factual scenarios. In these simulated smendoth firms and households have to pay a tax
on energy if their use of the energy commodity eauSQ emissions. The tax rate is varied for
each fuel, according to its carbon content. All taxenue is collected by the government. The
government spends all revenue (net of subsidiesjhenaggregate commodity and exogenous
transfers keeping its budget fixed.

3.6. Market clearing conditions

This class of equilibrium conditions refers to thagpply of any commodity which must
balance the demand by consumers at equilibriumegrand activity levels. Domestic demand
equals demand for intermediate inputs to productaiblic sector use, final consumer demand plus
domestic investment and stock change. The moddlidas supply-demand conditions for the
Armington composite goods. On the supply side, Agton composite goods equal the aggregation
of import and domestic production, whereas the dwmside includes domestic and export
components. Primary factor endowment equals prinfacyor demand. Any commodity which
commands a positive price has a balance betweeregajg supply and demand, and any

commodity in excess supply has an equilibrium poiceero.

3.7. Closure and Welfare M easur ement

The price of aggregate private consumption, thesgorer price index, was chosen as the
numeéraire, the price relative to which all priceashes are evaluatgd This price being fixed at
unity, means the total quantity of consumption égjtlze total value of consumption at all times. In
our model we measure welfare focusing solely orvapei household consumption while the
government purchases are fixed. A change in twbalsehold consumption therefore equates a
welfare change as measured by the Hicksian equitvedgiation (EV).

In all of the following simulations the governmdntends to implement the carbon energy
tax/ auctioned permits as an equal yield policygsprving total tax revenue unchanged. The
revenue from the new green instrument must thezdfermatched by a reduction in revenue from
another tax or taxes. With world prices fixed, tmarket for foreign exchange is cleared by
fluctuations in the exchange rate. Labour and ehpitpplies are exogenously fixédMarkets for
labour and capital are cleared by endogenous facioes The model is calibrated to the 1995 data

base. Since the model is static, the output ofrtbdel must be interpreted as the new equilibrium is

11 Absolute price levels are undetermined in the maael only relative prices can be assessed. Fixiagconsumer
price index implies that inflation cannot occur.
12 We change this assumption in Chapter 6.
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reached after the economy has had time to adjustylere changes in factor supply have not (yet)

occurred.
4. Data

4.1. A Social Accounting Matrix for |srael

This section describes the construction of the StlaMIsrael for the year 1995. This is the
most recent year for which the Central Bureau dftiSics (CBS) has produced Input-Output
Tables (CBS, 2002), the main data source for th®1SA

The initial task of building a SAM involves compmif data from various sources into a SAM
framework. The CBS Supply Table (CBS 2002, Tablgdrsion B) provides MAKE(j,i) matrix, at
basic prices and then adds imports, trade margidsiat taxes on commodities in order to arrive at
the same totals for each commodity as in the UsdeTat purchaser’s prices (CBS 2002, Table 2,
Version B). Labour and capital costs, net taxepraucts and net production taxes are published
as part of the CBS Use Table. Direct taxes areduoitred following Ben Gad (2004) calculation. In
the SAM, imports are valued at cifprices and import duties were separated from miogixes.
The transfers between agents are adopted fromBisedficial site. Agent’s savings are embraced

from national accounts (CBS, 1996).

4.2. Disaggregation of Energy in the SAM

In order to simulate climate change policies imatieh to energy-related carbon dioxide
emissions, it is first imperative to adequately elathe following features (Wissema and Dellink,
2007):
* Energy flows among industries (intermediate desiian
* Energy flows between industries and consumensl(fiemand including exports);
» Tax paid on energy products;
* Imports of energy products;
* The cost structure of energy producing industries

The main energy sources and industries need tasbaglished separately in the model, and
therefore also in the SAM. The SAM is built on th&sis of a 14-industry aggregation 10 Table,
whilst implementing the disaggregation of ‘Manutaef into crude oil (COIL), coal (COAL),
refined petroleum (ROIL), and other manufacturifdNE). In addition, ‘Electricity and water’
sector is disaggregated over electricity (ELE) arader (WAT). The disaggregation procedure is
performed using in a 162-industry aggregation ICbl@afor the relevant rows and columns.

Consequently, 18 commodities/activities are pre=skmt the final SAM.

13The c.i.f. (cost, insurance, and freight) valuerespnts the landed value of the merchandise dirsh@ort of arrival
in Israel
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4.3. Emissions

To establish the relationship between the levelprofiuction and demand activities and the
guantity of emissions we assumed a fixed stoichtomeelationship between the aggregate
demand for fossil fuel commodities in which carbienembodied (i.e., coal, refined and crude
petroleum) and the quantity of atmospheric ;,Cémissions that result from their use. This
relationship was estimated using Table C data op €@fissions by sector presented in Appendix
C. The result is a set of commodity-specific enaisstoefficients, which when multiplied by each
fossil fuel’'s aggregate demand in the SAM, repreduthe economy’s CGQemissions in the

benchmark year.
5. Preliminary Smulation Results and Economic I nter pretation

The subsequent sections outline the results of pwlicy simulations (carbon tax and
auctioned emission permits system) in differentiremments, following the closure rule introduced
in Section 3.7. The policy variables are model peairs that are either price-based (carbon taxes)
or quantity-based (auctioned carbon emission psjmiind whose values are exogenously

specified.

5.1. Energy Tax Simulations

Our model simulates the effect of imposing a raafjad-valorem taxes on G@missions,
differentiated according to the emission factoreath energy source. The model is simulated to
reproduce the benchmark as a baseline no-poliy, @ath the imposition of carbon taxes at levels
of NIS 50, NIS 100, NIS 150 and NIS 200 per torcartbort’. The government allocates the carbon
tax revenue to uniformly reduce the existing distgrtaxes.

The sectoral impacts of carbon taxes are detaileflable 2. The top panel shows that a $
16.67/ton carbon tax raises the consumer pricggiwbleum and electricity by about 5 percent and
makes coal more expensive by a quarter, while &.&76ton increases the prices of refined oil and
electricity by more than 17 percent and the priceoal by almost 100 percent. Crude oil and water
prices rise by 1-3 percent; transport sector precggerience a minor increase up to less than a half
percent and agriculture and the rest of the econmmgumer prices decline up to 1 percent.

These price changes induce large adjustments iquwetities of fossil fuels used as inputs by
producers and households, where inter-fuel sulistituenables reductions in demand to be
concentrated in the most carbon-intensive energycso coal. Thus, in the second and third panels

found in Table 2, sectors see a decline in coalbys#0-40 percent, while in the non-fossil- fuel

14 Corresponding to US $ ¥4 334, 50 and 68 in 1995 prices. The values of carbon tax are edeit to taxes on
CO; that are less than one-third as large $4.6, $4.3.,6 and $18.17 per ton of g@spectively.
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sectors (agriculture, manufacture, water and teeakthe economy in panels 4 and 5 of the table),
demands for both petroleum and electricity dechye2-11 percent. In these latter sectors of the
economy, substitution of non-energy inputs for ilogsels mitigates the transmission of the
reductions in the output of primary energy sectdise fifth panel in the table shows that the
reduction in electricity demand is between 6-1eet in refineries; 10-27 percent in the electyicit
sector itself and 1-11 percent in the other sectdssa result, the level of output falls by 5-17
percent in electric power and refineries; 2-5 petae water industry; 0.2-2 percent in agriculture,
manufacture and transportation; and only 0.1-Or8gy# in the rest of the economy, as indicates the
final panel. These changes in activity levels cspond closely to changes in the consumption of
the corresponding commodities by the representafent.

Table2: The Sectoral Impacts of Carbon Taxeson the | sraeli Economy

o partre] Rt | Coite | conr | e B[ warer | Trone | Retol
Changesin Gross-of-Tax Commaodity Prices (percent)
16.67 -0.91 4.55 1.08 25.04 -0.01 5.54 1.61 0.10 -0.09
333 -1.03 8.92 1.39 49.63 -0.06 9.70 2.12 0.21 -0.18
50 -1.09 13.34 1.76 74.27 -0.17 13.5p 2.55 0.27 -0.28
66.67 -1.15 17.78 2.14 98.92 -0.27 17.2f 2.94 0.33 -0.3/7
Changesin Final Consumption by Commodity (per cent)
16.67 -0.53 -6.04 -4.84 -13.7Q -0.50 -4.9¢ -1.31L -0.87 0.15
33.3 -1.04 -10.24 -9.31 -24.18 -0.98 -8.52 -2.10 -1.73 -0.30
50 -1.29 -13.83| -12.43| -32.01 -1.21 -11.41 -2.55 02.2 -0.33
66.67 -1.53 -17.14| -15.86| -38.28 -1.43 -13.99 -2.96 52.6 -0.36
Changesin Demand for Coal by Sector (percent)
16.67 -10.55 -15.48 - - -10.75  -14.36 - - -
333 -19.32 -25.93 - - -19.35 -23.94 - - -
50 -25.92 -33.86 - - -25.821 -31.14 - - -
66.67 -31.25 -40.25 - - -31.020 -36.91 - - -
Changesin Demand for Petroleum by Sector (percent)
16.67 -2.17 -6.21 - - -2.39 -6.34 -4.30 -3.31 -1.34
333 -5.44 -10.46 - - -5.48 -10.85 -7.071 -6.47 -2.58
50 -8.14 -14.10 - - -8.02 -14.61 -9.3( -9.07 -3.62
66.67 -10.65 -17.46 - - -10.35  -18.0( -11.38  -11.49 84.5
Changesin Demand for Electricity by Sector (percent)
16.67 -2.33 -6.57 - - -2.75 -10.07 -4.39 -3.32 -1.41
333 -5.63 -11.08 - - -6.03 -17.05 -7.14 -6.45 -2.64
50 -8.33 -14.91 - - -8.69 -22.59 -9.32 -9.01 -3.67
66.67 -10.81 -18.42 - - -11.11Y -27.28  -11.29 -11.37 04.6
Changesin Sectoral Activity Levels (percent)
16.67 -0.24 -5.45 - - -1.24 -6.34 -2.71 -0.67 -0.16
333 -0.72 -9.79 - - -1.68 -10.43 -3.78 -1.34 -0.32
50 -0.90 -13.52 - - -1.82 -13.71 -4.472 -1.63 -0.32
66.67 -1.08 -16.97 - - -1.95 -16.61 -5.00 -1.91 -0.33
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Figure 4 plots the sectoral marginal abatement @d8iC) curves derived from the model’s
solution. The bulk of abatement occurs in the elegiower sector which is responsible for twice as
much of a reduction in emissions as in all the ioteectors of the economy put together
(approximately 3000-7,360 Kton). Less than a quatemuch abatement (500-1600 Kton) takes
place in the household and rest of the economyosectFurther abatement (210-980 Kton) is
generated by the manufacture and transportatiaiorsed he results indicate that while there may
be substantial low-cost abatement opportunitiess(lthan $ 16.67/ton) in the transportation

industry, incremental emission reductions are Jikelbe exhausted with greater tax levels.

Figure4: Year 1995 Sectoral Marginal Abatement Cost Curvesfor Israel.
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The environmental and welfare consequences of nathxes are shown in Tabk The
model indicates that the modest carbon tax of $74tn reduces the overall G@missions by
more than 9 percent from the initial level of 48,800 tons, which is more than the Kyoto Protocol
target set for most of the European countries, edem $ 66.67/ton tax could cut emissions by
almost a quarter, which would incur a welfare aafshaimost 0.9 percent and almost a one percent
reduction in GDP.
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Table 3: The Aggregate Economic I mpacts of Carbon Taxes

o co, Welfare GDP Change
Carbon tax |[CO; Emissions Abatement Change from from
(1995 $) (ktons) (ktons) Benchmark | Benchmark
(%) (%)

0 49,748.00 - - -
16.67 45,158.11 4,589.89 -0.27% -0.31%
33.3 42,155.29 7,592.71 -0.54% -0.61%

50 39,804.96 9,943.04 -0.72% -0.79%
66.67 37,802.36 11,945.65 -0.89% -0.96%

5.2. Auctioned Emission Per mits System

Within our model, the carbon tax policy is equivdleo an auctioned emission permits system
where the permit price coincides with the carbon Tdhe government auctions permits between all
energy users in the economy and allocates the wevenuniformly reduce the existing distorting
taxes. For simplicity, it is assumed that no negnmational trading takes place.

The environmental and welfare consequences of @&réept emissions reduction via an
auctioned permit system to simulate Israeli economegting the Protocol Kyoto targets is shown
in Table 4.

Table 4: The Aggregate Economic I mpacts of Auctioned Permits

Permit Price CO, Emissiony CO, Abatement Welfare Change GDP Change
($, 1995) (ktons) (ktons) from Benchmark from
' (%) Benchmark (%)
9.03 46,265.6 3,482.36 -0.09 -0.12

If the Israeli economy aims to reduce 7 percenitof CQ, emissions following the Kyoto
agreement, 46 thousand 257 permits valued at 1dfttime CQ emissions each may be auctioned
between the sectors of the economy. The equilibpuice of the permit would reach $ 9.03 (1995
prices). Welfare and GDP would decrease by 0.090at@ percent respectively.

5.3. Sengitivity Analysis
Following van der Werf's (2007) empirical estimatiof production function for climate
policy models for OECD countries, we checked thesgiency of our results not only by continual
change of elasticities, but also by modifyitige labor-capital-energy nesting structure of the
production function.
In our basic analysis capital and energy are coetbiirst, as is done in the GREEN model
(Burniaux et al., 1992), since (physical) capitadl @nergy generally operate jointly. However, van

der Werf found that the (KL)E nesting structurewinich capital and labour are combined first and
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subsequently combined with energy (or an energyernas composite), fits the data better than
(KE)L or (LE)K nesting structures. We adapted thé&)E nesting structure for the production

function leaving the rest of the nests in Figureal®ve unchanged. In addition, lacking an
econometric estimation of elasticities of substitut between labor, capital and the energy
aggregate for the Israeli economy, we ran the mosliee more implementing the elasticities of
substitution evaluated by van der Werf for Finngtd Italian economies. The Finnish economy
was chosen for its relative similarity in magnituddiereas the Italian elasticitiegere adjusted to

reflect the lack of natural energy resources commooboth Italy and Israel. Figure 5 mirrors the
initial and the resulting production function stuwes. The elasticities of substitution between
labour and capital were estimated at about the seoe of 0.5 for Italy and Finland, whereas the
elasticities of substitution between energy aggeegad labour — capital composite for Italy is half
that of Finland, and they are both substantialbwdo than that used for the initial simulation.
Accordingly, the new production functions repredemier substitution ability between energy and
primary factors with Italian elasticity represeugtitne lowest substitution possibility. From here on
we refer to the initial L(KE) production functiorsd Production Function A"; the production

function with E(KL) nest and Finnish elasticities '®roduction Function B"; and to the production

function with E(KL) nest and Italian elasticities ‘@roduction Function C".
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Figure5: Nesting Structure of the Modeled Production Functions.
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Figure 6 illustrates the resulting economy-wide M&@ves for each production function. As
the elasticity of substitution between primary €astand energy inputs lowers, production has
lower possibility to substitute away from energys A result, the MAC becomes more inflexible
and less emission reductions can be gained forleaehof carbon price.
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Figure 6: Marginal Abatement Curves of thelsraeli Economy for Various Production
Function Definitions.
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The economic impacts of carbon taxes and auctigeseahits in the view of 3 production
functions are compared in Table 5. As expecteddymtion functions B and C allow less
substitution between energy inputs and primaryofactthus for an equal value of carbon tax, the
emission reduction is lower. However, even the tldleible elasticity production function C
produces almost 6-15.5 percent £@mission reduction for carbon tax of $1866%.
Experiencing an equate price increase, energy rseatocases B and C suffer lower demand
reduction and pull the economy to a smoother chamgeelfare and the GDP: 0.08-0.14 percent
change in cases B and C compared to about a @:8rgerhange in case A.

The comparison of & percent emission reduction using auctioned perprovides an
additional confirmation to the preceding resultslidwing the previous observation that, for a
carbon tax the emission reduction is lower in stifelasticities of substitution functions, the
equivalent emission decrease level results in thuglibrium permit price as sufficiently higher for

production functions B and C and the economic olgtrger.
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Table5: The Aggregate Economic I mpacts of Carbon Taxes and Auctioned Permitsvia
Production Function definition.

Production Function A Production Function B Production Function C
($, 1995) Carbon tax Per mit Carbon tax Per mit Carbon tax Per mit
16.67 | 66.67 | 9.03 16.67 | 66.67 14.2 16.67 | 66.67 21

CO;
Emission | 45,158| 37,802| 46,266 | 45,966| 39,742| 46,266 | 46,837 | 42,039| 46,266
(ktons)

CO;
Abatm. |[9.23%(24.0%| 7% | 7.61%| 20.1%| 7% 585%| 15.5%| 7%

(%)

Welfare | 552 | 089 | 009 | -0.11 | -050 | -0.10 | -0.08 | -0.36 | -0.11
Change (%)
GDP | 031 | -096 | 012 | 014 | -057 | -0.13 | 012 | -049 | -0.16
Change (o) . . . . . . . .

This chapter shows that a carbon energy tax, a specific energy tax related to carbon
dioxide emissions from energy use of $ 16.67-6616@ds to significant emission reductions
followed by a minor decrease in economic parameldre model tells us that the negative impact
of auctioned permits and the carbon tax on overalfare and GDP is minor even when parameter
values are changed. No double dividend is identifleough. Changes in the patterns of sectoral
production and consumption can be clearly obser@&uhulating a stiffer production function
which allows less substitution between capitalola and energy composites, we find that the tax
is less effective in reducing carbon emissiongdlyeteconomic costs are lower too.

6. Introducing Labour Market | mperfections

The economic literature has emphasized the impeattrecycled fiscal revenues could have
on relevant macroeconomic variables, such as oatpdtemployment. In Europe, given the high
level of taxation on labour and the persistent Hglels of unemployment, the debate has been
concentrated upon the existence of a so-called leynmpent double dividend” i.e. the possibility of
achieving better environmental quality by taxindlygants and lower unemployment rates by using
green tax revenues to lower taxes on labour, tte leivel of these often being perceived as one of
the causes of high unemployment rates (Daveri aizllini, 2000). The debate in Israel may also
focus on achieving the “employment double dividebdtause of high preliminary labour taxation
and unemployment levels. Since the unemploymem ievisrael has been above 7% for more than
a decade, we consider the importance of indicativeg possibility of the “employment double

dividend” for the Israeli economy. For this purpegeintroduce unemployment in our base model.
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6.1. Model Extensions
In order to investigate the double and employmewvidend hypotheses unemployment was
introduced in the model. The unemployment rateateminined through a wage equation which

postulates a negative relationship between thewagé rate and the rate of employment:
w
—=f(u)

whereP denotes a consumer goods price index (CPluaedhe unemployment rate, taken to
be 6.9% for 1995 in Israel. This type of wage epmatan be derived from trade union wage
models, as well as from efficiency wage models.{é¢igtton and Ruocco, 1999). To implement the
wage equation into the modelling procedure we fadd the methodology provided by Kuster et al.
(2007).

In the current chapter we continue to use prodaoctimction C, following van der Werf's
(2007) recommendation upon E(KL) nesting structurd to implement elasticities of substitution
as evaluated for Italy, between the energy aggeegadl the labor-capital composite to reflect the
absence of natural energy resources in Israels difapter enhances the model presented in chapter
3 with the following major:

» Endogenous labour supply

* Involuntary unemployment

Labour supply is endogenous and depends on reletiaeges in the wage rate. Endogenous
involuntary unemployment is controlled by a realgearate. The unemployment rate has a
minimum bound equal to 5 percent, to reflect faonal unemployment (Layare al., 1991). A
relatively high frictional unemployment rate is asged due to the unique structure of the Israeli
labour force, where a fairly significant fractioh mersons of a working age stay unemployed for
social or religious reasons. Other assumptions otetragents' behaviour remain unchanged.

6.2. Green Policy Simulations

The energy tax simulations continue to employ tiden tax range of $ 16.67-66.67 in 1995
prices. However, contrary to previous chapter satiihs where carbon tax/auctioned permits
revenue was recycled to proportionally reducehadléxisting taxes, in the simulations presented in
this chapter, once the environmental tax rate mgerously fixed, the compensating income tax
(IT) is decreased with the criterion of keeping mablic deficit unchanged.

Table 6 displays the main results, including the, @@issions (ktons), emission abatement
(%), the welfare change (%), the real GDP changg (A& labour/capital index change (%) and
unemployment (%) with respect to the benchmadasion.
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Table 6: The Aggregate Economic I mpacts of Environmental Policy: L abour Market

| mperfections.
Carbon CO3 co Welfare GDP Change Labour/ Unemo-
tax ($, | Emissions Abaterr21ent Change from from Capital Price | | meﬁt
1995) (ktons) Benchmark | Benchmark |Index Change Y
- 49,748.00 - - - - 6.90%
16.67 46,663.13 6.2% -0.05% -0.08% 0.2% 5.96%
33.3 45256.75 9.0% -0.14% -0.21% 0.5% 5.32%
50 43652.38 12.3% -0.24% -0.33% 0.7% 5.11%
66.67 41765.44 16.0% -0.34% -0.45% 1.0% 5.01%
Permit
Price($ | 46,265.6 7% -0.08% -0.12% 0.3% 5.79%
21.67)

When the carbon tax is compensated with IT, enmissioonotonically decrease with the tax
rate, as expected, reaching the 16 percent redutiothe highest carbon tax level. Nominal
output increases but as prices also increase, B¢ d&creases in real terms of up to 0.45 percent.
As a consequence of lower labour costs, unemploymeie monotonically decreases, almost
reaching the frictional unemployment level, so thatemployment double dividend arises. At this
point we indicate that reduction in IT overpowdrs tistorting effects of the environmental tax.

The introduction of carbon taxes has an inflatigreffect, which is especially evident at the
welfare stage, causing an increase in nominal wag@sever, this effect is counteracted by labour
tax cuts. The fact that welfare falls up to 0.34cpat can also be partly explained by the drop in
income: income from labour increases (by 1.85%) tukigher labour demand, but income from
capital falls (by more than 2.64%) due to the lovemtal rate. Capital supply is fixed and demand
must equal supply, so the actual quantity demawcdadot change, but the price of capital drops to
more than the net wage rate (labour/capital pndex decrease), reflecting the relative abundance
of capital in the new equilibrium, compared to dtkeer production inputs.

Inspecting the sectoral impacts of the carbon tamairovides the explanation for an increase
in employment: the reduction in income tax lowdrs tabour costs for employers in relation to
other factors and in particular to the simultanépuxreased price of energy due to the carbon tax.
Therefore, the demand for labour in non energynAisitee sectors increases. The offsetting effect is
the overall activity decrease of the economy indubg more expensive energy factors (prices
increased from about 4 to 17 and a half percertge of refined oil and electricity and up to 98

percent for coal).
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Employing corresponding auctioned permit systemetiuce 7 percent of G@missions the
model results indicate that the equilibrium pridettee permit will reach about $2/4 (in 1995
prices). Welfare and GDP would decrease by 0.08 @d@ percent respectively, while the
unemployment levelsnay decrease according to our simulation by a densble 1.3%.
Correspondingly, an employment double dividendearis this case too.

Our main result reflects the possibility to gain employment dividend and follows the
evidence obtained by several studies, concerniegsttongly distorting effects of labour taxes
(Manresa and Sancho, 2005). While the effect ofreeerg tax reform does not yield a second
dividend in the standard model assuming perfecttfaning of all markets, as we confirm in
Chapter 5, it yields a welfare improving employmeffect in the model which allows for labour
market imperfections.

However, there are two effects in our model thatrei@se the overall cost of carbon emission
control: First, the “carbon leakage” phenomenonijctvhimeans that reduced domestic emissions
may cause higher emissions abroad (Lee and Rolast-k2000), Roson (2001)). Second, since
foreign and domestic goods are imperfect subssijutieere are changes in the terms of trade,
implying that foreign consumers actually bear mdirthe carbon tax burden. These changes in the
terms of trade are partly explained by the fact tha research focuses on a single country, iggorin
international policy feedbacks. Evidently, refinedl import increases by up to 4 percent for the
highest carbon tax level, substituting away theallgaroduction. However, the Kyoto protocol
imposes similar reductions in G@missions for several Israeli trade partnerspiéign prices also
arise, there would be less scope for substitutiognastic products with imports, and a less

significant impact on the terms of trade.

6.3. Sengitivity Analysis

This section compares some of the results presatiede with those obtained when the
elasticities of substitution are changed, in orttertest how sensitive welfare, abatement and
unemployment results to variations in parameteafies.

At the first stage of the sensitivity analysis weei@ed the elasticity of substitution between
labour-capital composite and the energy composilE]) holding the carbon tax at $ Z6level.
The values varied from 0 to 1 (van der Werf's, 2085timated LKE elasticities of substitution for
OECD countries show 0.17-0.61 range). The transdtions obtained with the default elasticity
value are given in bold, with which the changesvaband below can be compared. The simulation
results summarized in Table 7 appear to be quliesto As the elasticity of substitution between
the labour-capital composite and the energy congagiows, energy conservation is achieved

more easily by substitution towards labour and teapiTherefore the emission abatement and
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employment increase. However, the welfare costeames too, identifying that higher elasticity
values tend to increase the distortionary effedhefcarbon tax. Behaviour, in terms of quantities
purchased or produced further changes, creatinggetdeadweight loss.

Table 7: Sensitivity of economic indicatorsto individual changesin the value of the elasticity
of substitution between labour-capital and energy composites (compared to the benchmark);

carbon tax $ 16%.
CO; cO Welfare Real GDP
S(LKE) | Emissions 2 Changefrom | Changefrom Unemployment
Abatement
(ktons) Benchmark Benchmark
0 48594.15 2.32% -0.04% -0.06% 5.98%
0.25 47658.09 4.20% -0.05% -0.08% 5.96%
0.5 46749.05 6.03% -0.06% -0.10% 5.94%
0.75 45866.06 7.80% -0.08% -0.13% 5.93%
1 45008.18 9.53% -0.11% -0.15% 5.91%

Alternatively we vary the values of LKE elasticiy substitution while keeping the emission
reduction target at 7% employing the auctioned fersystem. In this case, results presented in
Table 8 show that, as the LKE elasticity of substin increases, the abatement target can be
received with lower economic costs. In equilibriume auctioned permit price declines, indicating
that lower carbon tax is needed in order to achtbeedesirable abatement level. Furthermore, for
the value of LKE elasticity of substitution equdll®.5 and higher, not only the employment but

also the welfare and GDP changes are positiveadh this simulation shows a (limited) strong
double dividend result.

Table 8: Sensitivity of economicindicatorsto individual changesin the value of the elasticities
of substitution between labour-capital and energy composites (compared to the benchmark);
7% abatement target.

SLKE Permit Price WelfareChange | Real GDP Change Unemployment
(%, 1995) from Benchmark from Benchmark
0 34.21 -0.30% -0.40% 6.09%
0.25 21.33 -0.08% -0.12% 5.59%
0.50 15.57 0.03% 0.02% 5.39%
0.75 11.98 0.04% 0.10% 5.29%
1.00 9.46 0.05% 0.15% 5.22%

The value of the elasticity of substitution at the level S(TOP) is also mildly influential.
The top level of the production function is normgdlleontief, but for the analysis it was changed to
Cobb-Douglas. This creates the opportunity to caesenergy by substituting other intermediate
inputs for composite labour-capital-energy in ortteavoid paying the carbon tax. Indeed, the non

energy-intensive sectors, indicated as “Rest ofett@nomy” in the previous analyses, show very
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limited participation in abatement in the case obl-Douglas top level elasticity of substitution.
As shown in Table 9, this magnitude tends to didtee economy more and brings down welfare
for a given carbon tax level. Alternatively, if apércent emission abatement is the goal, it can be
reached by lower permit price/ carbon tax whenttye level elasticity of substitution is Cobb-
Douglas. The welfare cost is lower, but the uneyplent decrease is lower too, signalling that the
higher substitution of intermediate inputs for labgapital-energy composite limits the effect of
increased demand for labour through lowering tloenme tax. Consequently, we can only argue
for an employment double dividend for the highgr level elasticity of substitution.

Table9: Sensitivity of economic indicatorsto individual changesin the value of thetop level

elasticity of substitution (compared to the benchmark): carbon tax range $ 16%;
7% abatement via tradable per mits.

Welfare Change

from Benchmark

Stop=0 [ Stop=1 | Stop=0| Stop=1| Stop=0 | Stop=1
Carbon tax ($, 1995)

$165 | 6.2% | 6.37% | -0.05%| -0.179% 5.96% | 6.7%
7% Abatement - Auctionable Permits

7% $21.33 | $19.65 | -0.08% -0.06% 5.59% 6.60/[0

CO, Abatement Unemployment

7. Summary and Discussion

The research presented here expands the acadesoisslon on climate change mitigation
strategies in Israel. The purpose of this studyp idetermine whether policy makers in Israel could
introduce environmental taxation in the form of ®, emission tax, without aggravating the
problems of unemployment and decrease in welfdrées particularly relevant following recent
negotiation for Post Kyoto agreement which is exgedo engage all UNFCCC parties for the
mutual mitigation effort.

Our literature survey revealed that although CGHl@® are commonly used in economic
literature to investigate the economy-wide natureasbon tax schemes, no such model for Israel
had been previously developed.

In the current research we adopt the CGE moddidgddraeli economy in order to study the
effects of green tax reforms on environmental dqualhe economic burden of the tax system and,
eventually, the level of unemploymeiib this enda consistent and balanced disaggregated SAM
for Israel in 1995 is constructed

Our counter-factual analyses started by imposimgaraemission taxes ranging from $£46
to $ 664 (in 1995 prices) on the revenue neutral basiterAdtively, the auctioned permits system
was established to achieve a 7 percent abatemieatadcumulated income served to proportionally
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reduce the pre-existing taxes. In these prelimirgnyulations an exogenous labour supply was
assumed.

The main conclusions from this part of the studythe following: First, the reduction target
for energy related CQOemissions in Israel of 7 percent compared to 1898ls can be achieved
with a carbon energy tax of between approximatedya®d $ 21 per tonne of carbamder various
assumptions considering the structure of produdtoction. Fuel switching is an important part of
achieving the target, and the sensitivity analgbisws that this result is sensitive to the possasl
for producers to substitute away from energy usevdr substitution possibilities make emissions
respond less to a given tax level, so that theetagigould be reached with higher tax levels.

Secondly, the macroeconomic impact of the tax wowltdbe very strong, as GDP decreased
by less than 1 percent even at the highest?% & tonne of carbon tax level. Welfare would be
affected downwards, but only by a small percen@agmn at relatively high tax levels. However, no
double dividend was identified.

In attempt to approximate the model to better otftbe Israeli labour market, involuntary
unemployment was introduced. The mitigating poli@s yet again implying $ #6to $ 664 tax
per ton of carbon or simulating the 7 percent eimisseduction via auctioned permits system, but
this time the revenues were directed to cut thedakax.

The simulated environmental policy implied a langegative shock to domestic energy-
intensive production. This entailed significattanded costs and a large reduction in employment
in the energy-intensive industries. However, incdeecuts reduced the labour costs in relation to
other factors and the demand for labour from nogrgynintensive sectors increased lowering the
overall unemployment level. Therefore, we can cotelthat an employment double dividend is an
empirical possibility under a rather standard demodel characteristics. Moreover, for a higher
substitutability between energy composite and #isoulr-capital one, a (limited) strong double
dividend can be obtained.

While model results are not greatly affected byng/es in most of the parameters’ values, the
most influential elasticities are those that affélcé possibilities for energy conservation by
substitution towards labour - capital composite.the event that the carbon tax level is kept
constant, increasing their values implies welfagduction while the emission target is overshot.
However, when the possibilities for energy conseovaare thus increased and steady emission
reduction is the aim, a lower, less distortionargtbon tax level is required or alternatively the
auctioned equilibrium permit price will be inferioWe conclude therefore that for Israel, energy

conservation appears to be the key to a doubldetd.
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In conclusion, a second dividend of environmentdes in the form of an employment
dividend exists is an achievable goal in the cdghelsraeli economy. Using green tax revenues to
reduce labour taxes will reduce unemployment ardhigh energy-labour-capital substituting
possibilities may even raise welfare. Our researetifies that pre-existing market distortions
provide another rationale for the introduction n¥ieonmental taxes.

The major limitation of the analysis is the agetlté data base. An operational data base is
compiled using officially published input—outpubles, expenditure surveys, and national product
and income accounts. Unfortunately, these datacesuare not updated with the required speed, at
least not for the modeler, and a few compromigasrig and unifying them in a micro consistent
way have to be adopted. It is for this reason wihyukation results showing a double dividend
should be taken as an indication of what may bsiplesand not as any definite proof.

In the case of the Input — Output table for Isiael995 which served as the main basis for
the SAM not only is the age of the data is probléerfar drawing policy implications, but so is the
absence of the natural gas sector in the dataethdes recently as 2004, the Israeli primary energy
supply did not include natural gas. However, acttmal change using natural gas was possible
following an agreement signed in 2005 between lsaad Egypt which enables Israel to purchase
natural gas from Egypt, to be used by the Israettit Corporation (IEC) for a period of 15 years.
In addition, natural gas reserves have been disedwvaf the coast of Israel. As a result, the share
of natural gas in the primary energy supply mixagfeom about 1 percent in 2004 to 18 percent in
2006 and is expected to rise up to 50 percent enféHowing decade. This new energy source,
which is characterized by lower carbon intensityymeduce the economic costs of the explored
mitigating policies even further than projectedhis research.

Next important shortcoming is the model’'s negletttree “putty-clay” nature of capital.
Jacoby and Sue Wing (1999) demonstrated the impe®taf capital rigidity in determining the
short-run costs of the U.S. economy’s adjustmei@Hti> emission constraints. Yet, in our analysis
production is modeled as being completely reveesibhd capital is modeled as a homogeneous,
mobile factor whose input may be reallocated focéilly among producers as relative prices
change. In reality, reductions in activity wouldkdly entail substantial capital scrappage and
associated short-run costs. The analysis can tirerbe significantly improved by specifying all or
some of the capital input to each individual seet®@ separate factor that is inelastically sugdplie
and has its own sector-specific price. The likelpsequence would be a substantial reduction in the
mobility of and returns to capital — especiallydeclining sectors, with concomitant additional

reductions in the representative agent’s incomeigeréases in the welfare costs of abatement.
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In addition, our efficiency notion is essentiallyatlassical. We measured induced tax
distortions using a direct intra-personal perceatagility change based only on private
commodities consumption. Publicly provided goodsjijmnmental quality or leisure do not enter
the utility function. A broader welfare concept tpossibly include these magnitudes, but it is not
immediately obvious how they would affect the prefece relation.

The representation of the energy industry can bdeamred by disaggregating renewable
energy commodities and by introducing imperfect petition; a feature that is still relevant for the
Israeli electricity market. The representation efréind for energy can be improved by modeling
the use of renewable energy sources such as swegyeby households. Since climate change is a
long term problem, the introduction of intertempgodynamics is recommended. It is further
recommended to introduce foreign energy policiesftect the world price. Alternative revenue
recycling schemes should be explored. Moreovers ipossible and desirable to include other
greenhouse gases than carbon dioxide and evertdgoorate other environmental problems and
solutions. Different environmental problems andirtheolutions tend to interact and are best
analyzed in an integrated manner (Dellink, 2005).

It is important to assess the impact of differemmnbinations of policy measures on income
distribution in general and on the welfare of hdawdds of different income groups in particular.
Low-income households need special attention becausarbon energy tax may push certain
households into poverty and enhance the existingl@ms with fuel-poverty (Healy, 2003). Our
research uses a single representative householtharedore does not offer this kind of insight. For
this analysis it would be necessary to distinguldferent income groups and model the relevant
linkages between these household groups and thefrége economy, including the government, in
sufficient detail.

Despite all qualifications above, and on generanemic grounds, a strong point can be
made to support energy tax policies as a singataraf choice for achieving a better environmental
qguality and a lower inefficiency level (in utilitgr unemployment) at zero revenue cost for the

Israeli economy.
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APPENDIX A GHG Emission 2004

Table A: Summary of GHG emissions and removals (2004).
(Source: Israeli Union for Environmental Defendg20?)

Total COz

Sector CO, CH,4 N,O equivalent
Energy (Fuel combustion) 63,134 3.34 0.724 63,428
Energy Industries 41,615 0.697 0.53 41,794
Manufacture & Construction 6,041 0.15 0.05 6,058
Transport 14,320 2.32 0.14 14,412
|Commercial/institutional/Residential/Other 1,157y 1@ 0.01 1,164
Industrial Processes 2,115 1.95 2,719
Agriculture 67.26 4.62 2,846
Forestry -370 -370
Waste 236 4,948
Total 65,249 306.2 7.3 73,572

APPENDIX B SECTORSAND COMMODITIESIN THE SAM
The sectors and commodities have the same acromagreach commaodity is produced mainly by
one corresponding sector. Each industry can thusdmrded as the main producer or manufacturer

of the product with the same acronym. Table B tloeeegives descriptions of commodities only.

Table B. Commoditiesin the SAM and the Moddl

Sectori | Model CBS Descriptions
Acronyms |code
1 AFF A Agriculture
2 ROIL B 70 Refined petroleum
3 COIL B 37 Extraction of crude petroleum and natural gas
4 COAL B 36 Mining and agglomeration of hard coal
5 MNF B Manufacturing
6 ELE C 124 Electricity
7 WAT C 125 |Water
te] CON D Construction (building and civil engineering jgrcts)
9 TRD E Wholesale and retail trade, repairs of vehiches @her repairs
10 ASR F Accommodation services and restaurants
11 TRC G Transport, storage and communications
12 BIF H Banking, insurance and other financial institn§o
13 BAC | Real estate, renting and business activities
14 PAD J Public administration
15 EDU K Education
16 HWS L Health services, and welfare and social work
17 CSS Community, social, personal and other services, serdices fg
M,N .
households by domestic personnel
18 IBS 162 Imputed bank services and general expenses
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APPENDIX C Sectoral fuel consumption and emission

Table C: Fuel consumption and CO, emissions by sectors. (Source: Avnimelech, 2002)

Sector Electricity Manufacture Transport Residential and
production commer cial
Ecl)Jr?;' CO, |Fuelcony CO; Fuel consf CO, |Fuelcons CO,
(ktons) (ktons) | (ktons) | (ktons) | (ktons) | (ktons) | (ktons) | (ktons)
LPG 124 366 404 1,194
Gasoline 2,159 6,657
Diesd Oil | 137 435 900 2,859 1,013 2,876 199 63R
Naphtha 769
Residual
Fud Oil 2,031 6,252 2,277 7,099
P(irkoe" 168 675
Tar 267 821
Coal 8,190 | 19,882
Total CO, 26,569 10,999 10,354 1,826
emissions
% of total
0] 0, g q
emission 53.47% 22.13% 20.84 3.67
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