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Abstract:

This paper presents the first version of a long-term computable general equilibrium model for the
Icelandic economy. The model development has been a joint project of the National Economic Institute
of Iceland and the Research Department of Statistics Norway. The motivation behind the construction
of the model was to enable analysis of the cost of alternative policies for reducing the emissions of
greenhouse gases in accordance with the restrictions set forth in the Kyoto protocol. The modelling
framework and initial model were provided by the Norwegians while some further development of
various parts of the model and the data work were carried out by the Icelanders. The paper describes
the main features of the model. It also contains a discussion of some simulation results. First, a baseline
scenario is presented. Then the model is used to analyse the impact of different measures (CO, taxes,
afforestation and land reclamation, CO, quota purchases) aimed at reducing emissions of greenhouse
gases from the baseline scenario. The baseline scenario does not assume any increase in metal
production from current levels. The analysis assumes land reclamation will be recognised as a CO, sink.
However, it does not take into account the possible effect of Iceland’s proposal of largely exempting big
projects in small economies that use renewable energy sources from the emission restrictions set forth in
the Kyoto protocol. The results suggest that the desired emission reductions cannot be accomplished by
CO, taxation alone. They further indicate that Iceland could meet the emission restrictions with limited
adverse macroeconomic impact by combining taxation with increased afforestation, land reclamation
and CO, quota purchases.
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1. Introduction

The agreement forged in Kyoto in December 1997 on legally binding emission targets for greenhouse
gases (GHG) was open for signing on behalf of the parties to the FCCC until March 16, 1999. Dueto
the fact that there are still several outstanding issues of importance to Iceland, the Icelandic
government decided not to sign the Kyoto protocol by the March 16 deadline. Among these issues are
rules on GHG-sinks, quota trade and other flexibility matters. Perhaps most importantly for Iceland, it
has not yet been settled if single projectsin small countries that lead to an appreciable proportional
increase in local emissions will be exempt from inclusion in the emission level.

Extensive preparation took part on Iceland’ s behalf before the meeting of the partiesto the FCCC in
Buenos Airesin November 1998. Economic analysis was part of that preparation. Many important
guestions relating to the compliance with the Kyoto protocol are inevitably economic: What are the
consequences in terms of economic growth, sector composition and other macroeconomic indicators.
Given an emissions goal, how do various ways of achieving that goal compare in terms of economic
costs?

To answer such gquestionsin a sensible way, it is necessary to have access to a macroeconomic model
for the simulation of the economy under different assumptions on GHG-policy. Commitments to
reduce GHG-emissions are for the long-term. Therefore, the model must emphasise long-term
economic development rather than short- or medium-term fluctuations unless one is very concerned
about the transition period and transition cost.

The current macroeconometric model of the National Economic Institute is designed for short- to
medium term forecasts (1-5 years) and does not have the necessary sectoral breakup for the estimation
of GHG emissions. Thus, it could not be used directly to analyse the issues we are concerned about in
this paper, although the experience gained from its construction and use and its database were of help.
Therefore, anew model had to be devel oped, one geared towards long-term simulation (afew
decades) and that takes into account the pattern of emissions of GHG in Iceland.

Long-term models have been developed in most industrial countries over the last few yearsand a
model for Iceland could be partially based on that foundation. However, it was inevitable to build a
model tailored specifically to the economic structure of Iceland, for it isin many ways very special.
The energy-intensive metal production industries, fisheries and transport account for the lion’s share
of emissions. Stationary energy use is almost entirely based on renewables (hydro and geothermal),
and there are substantial possibilities of CO2 sequestration through afforestation and land
reclamation. These characteristics are distinctly different from those of most other industrialised
countries. In 1998, the share of CO2 in total emissions was 82%, the share of CH4 was 9%, the share
of N20 4%, FC 3% and HFC 2%. SF6 emissions were negligible.

The model presented in this paper allows for various measures to reduce (net) emissions of GHG and
enables us to analyze the effect of such measures on different sectors. Special attention is given to
sectors that are of the greatest importance in thisregard, i.e., transport, fisheries, energy-intensive
industries, forestry and land reclamation. The model is disaggregated, which is necessary to make it
useful asatool in policy-making in thisfield, but nevertheless care is taken to keep it transparent and
easy to use. Of course alot of shortcuts had to be made since an operative version had to be ready in
time for the negotiations in Buenos Aires in November of 1998.

From atheoretical point of view, adynamic, rational expectations, general equilibrium model isthe
most attractive modelling choice. From a practical point of view, however, an applied general
equilibrium model, more related to traditional macroeconomic simulation models, was considered



more likely to facilitate the successful outcome of the project, given the time constraints. No
estimations of behavioural relations have so far been carried out. Special attention, however, is given
to long-term relationships and equilibrium conditions, such that credible conclusions on long-term
economic outcomes may be drawn from the use of the model.

A reference model where empirical work has been emphasised is described in Alfsen, Bye and
Holmay (1996). Of course the model developed in this project is smaller and more specialised than
the MSG model developed at Statistics Norway, where there is a strong tradition for models of this
type, and they are meant to be used as general -purpose tools for economic policy making.

Therest of the paper is organised as follows: Sections 2 through 11 describe the different parts of the
model. The general production structure of the model, as well as the sector division and sector-
specific considerations, are discussed in section 2. The modelling of private consumption is described
in section 3. Section 4 discusses the allocation of investment between different types of capital within
the model, whereas sections 5 and 6 describe the determination of demand for different categories of
exports and imports, respectively. The modelling of the labour market is discussed in section 7 and
factor and output prices are discussed in section 8. Section 9 illustrates the relation between economic
activity and emissions of greenhouse gases in the model. The calculation of gross domestic product
and various identities pertaining to the government budget are spelled out in sections 10 and 11,
respectively. This completes the formal description of the model. Sections 12 through 14 contain a
discussion of the results of policy simulations. Section 12 presents the simulation results for a
reference (business as usual) scenario. Section 13 considers the impact of measures to restrict the
emissions of greenhouse gases to be within the limit stipulated by the Kyoto protocol. Section 14
briefly considers some additional scenarios.

2. Production
The ISM model consists of the 16 production sectors listed below:

Production sectors:

1. Agriculture AG
2. Fisheries FI
3. Forestry FO
4. Land reclamation LR
5. Fish processing FP
6. Metal production MP
7. Other manufacturing MA
8. Energy — geothermal EG
9. Electricity —hydroelectric EH
10. Construction CN
11. Road transport TR
12. Air transport TA
13. Seatransport TS
14. Post and telecommunications TP
15. Other services (O]
16. Government services GS

Production is described by production functions, which can either be of the constant elasticity of
substitution (CES) or the Cobb-Douglas variety, depending on the production sector. We assume that
output is produced according to a separable CES production function in sectors where oil usage is
important or where we have a reasonably good idea about the elasticity of substitution between ail
and the other factors of production which form the separabl e aggregate:
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where Q; is gross production, E; labour employed, K; capital, U, dirty energy (oil), and 7; intermediates
in sector i. A; isatotal factor productivity parameter. The base year value of 4, is calibrated but then
it evolves according to assumptions about productivity growth, i.e., it is an exogenous variablein the
simulations. In obtaining an estimate for the elasticity of substitution parameter between oil and the
aggregate of other input factors, S, for each industry, we use econometric results from a study by
Hardarson (1993). The remaining parameters are calibrated using base year data. The parametersin
the Cobb-Douglas aggregate of non-oil inputs, ay;, are calibrated to reflect the cost sharesin the base
year, i.e.
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Thisinsures constant returnsto scalein (2.2). The cost shares for labour, intermediates and capital all
come from the national accounts. The assumptions of cost minimisation and zero profits imply the
following factor demands
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where P, isthe price index, net of indirect taxes, for gross production in sector i, N; is demand for
factor j=E,K,I insector i, and P, isthe priceindex of factor j in sector i (j = E,K,1).



Table 1.1. Sectors with CES production functions

. L. 010
Elasticity of substitution 0
A+

O
Fisheries 0.129
Fish processing 0.166
Other manufacturing 0.166
Road transport 0.238
Air transport 0.129
Sea transport 0.129

Source: Based on estimates in Hardarson (1993)

In the remaining sectors we assume that production functions are of the Cobb-Douglas variety:
27 O =AETKUTCL

We assume constant returns to scale technology so that:
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The a;; parameters are calibrated to reflect cost sharesin the base year.
Cost minimisation and a zero profit condition imply the following factor demands

_ B
(2.9 N, =a, ?Qi
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where N, is demand for factor j = E,K,U,I insector i, Py isthe price index, net of indirect taxes,
for gross production in sector i and P;; is the price index of factor j in sector i (j = E,K,U,I) .

Fisheries

The production in the fisheries sector is based upon the resource base around Iceland. The sector
earns aresource rent in addition to traditional profits. Thisimplies that declining pricesin the world
market for fish or anything production cost increases, do not affect optimal production on the margin.
We assume that production in the fisheries sector is exogenous. The factor demands are given by
(2.4)-(2.6) with exogenous output Or; and theterm £, [0, in equations (2.4) and (2.5) replaced by

(B Wy + Py [G,) . This change is necessitated by the absence of amechanism that resultsin

zero long-term profits, namely endogenous output adjustment. Thus, profits may be non-zero in the
long run.

Forestry and land reclamation

The forestry sector could become important for Iceland’ s climate policy. Investment in planting pro-
duces negative CO, emissions (i.e., CO, sequestration) that may be sold domestically and on the in-

ternational climate gas quota market. In the short, medium or long term (for instance up to 20 years)
negative emissions may be sold in the market. In the extralong term (40 years or more), if technical



change solves the climate gas problem, traditional forestry may be profitable. Investment in the for-
estry sector is assumed to be exogenous.

One of the most attractive options for Iceland regarding CO, sequestration is the combination of af-
forestation and land reclamation. While the Kyoto protocol recognises afforestation for CO, seques-
tration, it is not clear whether the same will apply to land reclamation. Nonetheless, the model in-
cludes both forestry and land reclamation sectors and their output is measured in terms of CO, se-
questration. *

CO, sequestration relative to 1990 is assumed to be alinear function of the size of areas affected by
afforestation and reclamation programs since that time. That is,

(210) CO,SEQ =CO,SEQL xL +CO,SEQF xF

where CO,SEQ is sequestration in CO, equivalents, L and F are the number of hectares affected by
land reclamation and afforestation, respectively, since 1990. CO,SEQL and CO,SEQF are the se-
guestration rates per hectare ayear in land affected by land reclamation and afforestation, respec-
tively. Recent research in connection with Iceland’ s carbon sequestration initiative indicates that the
sequestration rates are somewhat higher than was previously believed. In accordance with latest esti-
mates we assume that CO,SEQL=2.9 tons CO, per hectare per year and CO,SEQF=6.1 tons CO, per
hectare per year.?

Employment of traditional factors of production in both the forestry and the land reclamation sectors
follows planting activity rather than the production level:

(211) Ny = H

where N, isdemand for factor j=E,K,I,U inforestry and H isthe size of the current year’s ad-
dition to forest areas, and,

(212) N, =a,,B

where N, ,; isdemand for factor j=E,K,I,U inland reclamation and B is the size of current year’s
additions to areas affected by land reclamation programs.

Metals

Currently there are one ferro-silicon and two aluminium plantsin Iceland. Iceland has the potential for
producing significant amounts of additional hydroelectric and geothermal energy that is relatively
cheap compared to the production cost of electricity in the rest of the world, especialy if CO, shadow
prices are included. Thus, capacity expansion is possible in the energy intensive industrial production.

! Planting in forestry may not be profitable when selling timber is the only option and this possihility is excluded in the first
version of the model. A possible extension could be the introduction of a composite good, negative CO, and timber. Whether
you choose to sell timber or negative CO, then should depend upon the profitability of the two options. This could be
formalised through a CES distribution function

0 =00 +@1-0)0)° for i =FO.

2 The modelling of sequestration as alinear function of affected areas is in accordance with IPCC guidelines. In reality,
however, sequestration varies with the age of trees and plants. The sequestration parameters used are average lifetime
sequestration rates. The sequestration rate estimates are obtained from a recent report on Iceland’ s carbon sequestration
initiative (Binding kolefnis i grodri og jardvegi, Afangaskyrsla 1999, Verkefnisstjorn dtaks i landgraedsiu og skograekt 1997-
2000, August 2000, p. 11)



However, since the establishment of one new metal producing firm with optimal capacity may dra-
matically increase total capacity, we can not assume smooth expansion of capacity in metal produc-
tion. Rather any capacity changes will take place in discrete jumps. Thus, we have chosen to assume
exogenously determined metal production and exports, while input factor demand follows from the
production function (in the same way as in the fisheries sector since output is exogenous).

Government services
Output and investment in the government services sector are exogenous while employment,
intermediates and energy use vary linearly with the level of government services, i.e.

(213)  Ngs, =0gs,90s
where N, is the demand for factorj (j =U,E,I)

Table 1.2. Cost shares in production, 1990-1996

Employment Capital Intermediates QOil
1. Agriculture 0.0788 0.3859 0.5209 0.0144
2. Fisheries 0.4270 0.2202 0.2736 0.0792
3. Forestry* 0.2500 0.0000 0.7500 0.0000
4. Land reclamation” 0.4667 0.0000 0.5333 0.0000
5. Fish processing 0.1927 0.0946 0.7017 0.0110
6. Meta production 0.1097 0.2000 0.6757 0.0146
7. Other manufacturing 0.2468 0.1048 0.6443 0.0040
8. Energy - geothermal 0.1069 0.5744 0.3160 0.0027
9. Energy - hydro 0.1507 0.3906 0.4558 0.0029
10. Construction 0.1876 0.1386 0.6733 0.0005
11. Road transport 0.2048 0.4042 0.3181 0.0729
12. Air transport 0.2319 0.1431 0.5409 0.0841
13. Seatransport 0.2108 0.1381 0.5993 0.0518
14. Post and telecomm. 0.4035 0.2582 0.3305 0.0078
15. Other services 0.3158 0.2413 0.4402 0.0027
16. Government services 0.5467 0.0262 0.4148 0.0123

"Because of the nature of the available information on costs in forestry and land reclamation, the us-
age of capital and oil by these sectors is modelled through their purchases of intermediates from other
sectors.
* Sources. Nationa Accounts,
Porbergur Hjalti Jonsson. Minnspunktar fyrir fund a Orkustofnun 21. mars 1997 um
koltvisyringsbindingu i gréori og jardvegi, Memorandum, March 18, 1997.

3. Private consumption

Total consumption in fixed prices follows from the overall budget condition and is determined
residually to balance supply and demand

(31 CP=0-1-U-J—-(X -M) —CG



This manner of determining consumption is satisfactory to fulfil the full employment condition in the
model.

Total private consumption is divided among the following 9 consumption categories:

1. Food, beverage and tobacco FOO
2. Clothing and footwear CLO
3. Rent, fuel and power REN
4. Furniture and household equipment FUR
5. Medical health care MED
6. Public transport and communication TPU
7. Private transport TPR
8. Other goods and services OTH
9. Residents direct purchases abroad ABR

by alinear expenditure system such that

4

o O
3.2 CP =k, +L CP- Kk ,PCPO i j=FOO,CLO,REN,...,ABR
il J1 J J
PCP .

where VCP = z PCP, [P, and PCP;isthe price of consumption category j. Thisformulation takes
7

into account both income and price effects. The coefficientsin the first version of the model are cali-
brated using some guesstimates of the Engel and direct price elasticities.

3 The guestimates are based upon elagticities in Alfsen, Bye and Holmay (1996) aggregated to fit the ISM model. The k;
coefficients follow from the definition of Engel and direct price elaticitiesin the LES consumer system, i.e. x , =¢ ¢ where
¢; = PCP*CP/VCP, i.e. the budget shares, and «, =CP. [{1+e¢,)/(1-«,,) , where & isthe Engel elasticity for commodity i
and ¢; isthe direct price elasticity .



Table 3.1. Expenditure and direct price elasticities

Budget Expenditure  Direct price Ki1 Kiz
shares elasticities elasticities
(o € €
1. Food, beverage and tobacco 0.225 0.490 -0.271 45,373 0.110
2. Clothing and footwear 0.070 0.871 -0.437 10,054 0.061
3. Rent, fuel and power 0.180 0.953 -0.742 13,518 0.172
4. Furniture and household
equipment 0.074 1.322 - 0.622 7,543 0.098
5. Medical health care 0.021 0.755 -0.351 2,833 0.016
6. Public transport and
comunication 0.023 0.817 -0.604 2,152 0.019
7. Private transport 0.093 1.268 - 0.609 9,152 0.118
8. Other goods and services 0.239 1.186 - 0.519 36,431 0.284
9. Residents direct purchases
abroad 0.074 2.183 - 0.997 60.07 0.161

* In thisfirst version we have just picked elasticities from the Norwegian model M SG-EE - weighted
aggregates of relevant consumers groups where the weights are the budget shares - i.e. cf. table 3.16
in Alfsen, Bye and Holmay (eds.) (1996).

4. Capital formation

In the model real capital is divided between three categories, residential housing, non-residential
buildings, and transport and machinery equipment:

Categories of fixed capital formation:

1. Residential housing H
2. Non-residential buildings B
3. Transport and machinery equipment ™
4. Capital in metal production MP
5. Capital in hydroelectric production EH

We assume that the capital mix in each sector is constant and the same as the capital mix in the base
year.

Gross investment by sector is defined by

(41) Jr =K, _Kir_l +D,

it
where capital depreciation is given by

(42)  D,=0K,.,.

1t

Investment in residential housing isincluded in the investment of the other services sector. For sim-
plicity we assume that residential housing is a constant share, ¢, of total capital and investment in this
sector, i.e.

10



(4.3) Ty =@uJos

Investment in metal production plants and hydroelectric capacity is also treated separately. As regards
other types of capital, we assume that the capital investment mix is the same across sectors and
constant over time. Therefore, total investment in non-residential buildingsis afixed fraction of total
private investment net of investment in residential housing:

(4.4) Jy =y (J_JH —Jup _JI-JH)

If follows that investment in transport and machinery equipment is

(4.5) Jin =(1_¢B)(J ~Jy I _JI-JH)'

5. Exports

There are 11 export categories in this version of the model:
1. Agricultura products XA
2. Fish XF
3. CO, quotas XT
4. Fish products XFP
5. Metals XM
6. Other manufactured products XO
7. Energy XE
8. Air transport XTA
9. Seatransport XTS
10. Other services XS
11. Non-resident purchases CPN

Metals and energy exports are assumed to be exogenous and sold at their respective world market
prices. CO, quotas are also sold at exogenously given world market prices. Non-resident purchases
are an exogenous variable in the model. Exports of other commodities are assumed to follow the
Armington assumption, that is

(5.1) X, =g(Px,/PM,) for i=4,F,T,..,S,CPN

where PX; isthe price index for export commodity i and PA/; is the price index for imports (or rather
the world market price) of the same commodity. The exact specification in this version of the model is

orPx, O
(5.2 InX, =A, +A,InMIX, +A ;In0—-[
0PM, [

where MIX is an indicator of market conditions, A, is the elasticity of exports with respect to market
conditions, and Az is the price elasticity of exports with respect to the ratio of export and import (i.e.
world market) prices. The A; coefficient is calibrated using base year data. The MIX variables are
exogenously determined apart from MIX,;, and MIX,,s, which are determined as follows:

(53)  MIX,,, = XA+XF +XFP +XO +CPN

11



(5.4)  MIX s = XA+ XF +XFP +XM +XO

The specification of export demand relations in the model is an important consideration as it affects
the estimated impact of policies aimed at limiting the emissions of greenhouse gases. In particular,
the Armington relations imply that the costs imposed on domestic producers by taxes on oil will be
mitigated through improved terms of trade. However, because of the high export price elasticities
assumed, these effects are likely to be relatively small.

Table 5.1 Export elasticities

Export category Elasticity of the market Price elaticity
indicator A, A3
Agricultural products 10 -10
Fish 1,0 -5
CO, quotas* 0 00
Fish processing 1,0 -5
Metal s* 0 15
Other manufactured products 1,0 -10
Energy* 0 00
Air transport 1,0 -5
Sea transport 1,0 -5
Other services 1,0 -10
Non-resident purchases* 0 0

All the figures are guesstimates at this stage. The constant factor has to be residually determined.
* The quantity of these export categories is exogenous in the model

6. Imports

In the first version of the mode! there are three import categories®
1. Qil imports MOL

2. Imported intermediate inputs of the MP sector MIMP
3. All other imports MNO

“ In the second version we may use a finer division of imports, e.g.:

1. Metals production MM
2. Other manufactured products MOM
3. Services MS
4. Food, beverage and tobacco MF
5. Clothing and footwear MC
6. Furniture and household equipment MF
7. Cars MCA
8. Other goods and services MOG
9. Transport and machinery equipment MT

Each import item requires us to specify import shares for each intermediate input and final demand categories. Thus, we
would have 9 rather than 3 separate equations like equation (6.1), i.e., one for each commodity.

12



Imports of each type are used in final demand activities and as intermediate inputs in production.
Thereisarelation of fixed proportion between each demand category and type of imports. Total
imports of each type are then:

(6.1)
M, = Dz ay 1, + z a, C, +z ay J, 40,y o CG 4, DS, i =MOL,MIMP, MNO
Sector

!

J 1 cons 0j fnv

7. The labour market

The demand for labour is determined by the factor demand equations (2.6) and (2.9), except for the
government services sector where it is determined by equation (2.13) and the forestry and land
reclamation sectors where demand for labour is determined by equations (2.11) and (2.12),
respectively.

The supply of labour E, follows population growth (POP), and the labour participation rate, LPRATE,
both of which are exogenoudly given.

Thus, in equilibrium:

(7.1) E=LPRATE* POP = Z E, for i=AG,FI,FO,LR,FP,...GS

iOsector

8. Factor and output prices

8.1. Labour cost

We assume that the unit labour cost for each sector, w;, consists of a common total private sector unit
cost w, a constant deviation factor «y , and a common labour tax rate, ;, i.e.

(8.1) w, = O [ +1,,) °

The national accounts contain information on total labour cost, including taxes on labour, 7WC; , and
the total labour stock in each sector (in man years) from which we derive total labour unit cost for
each sector,

82 w="C
E

Similarly the total private sector unit wage cost is

83 w="C
E

5 The model also allows different labour tax rates for different sectors.

13



Iceland’ s national accounts do not contain figures for labour costs net of taxes. The labour tax rate,
t, isabtained by dividing the sum of individuals’ income taxes and insurance by total salaries. The
private sector net wage rates w,, then are

@4  w,=w/(1+1;)

w is calculated as the ratio between the wage rate in sector i and the average private sector wage rate
in the base year. Since labour tax rates are assumed to be the samein all sectors, thisimplies a stable
relation between labour unit costs of different sectors. Differencesin unit labour costs across sectors,
in awell functioning labour market, may be due to heterogeneity of labour or they may reflect re-
gional differencesin residents’ utility function.

8.2. The user cost of capital

The user cost of capital in sector i is defined as follows:
(85)  PK,=(IR +0, +t,)(PJ,, i=AG,FI,FO,LR,FP,..,GS

where IR; isthe after-tax real rate of return on capital, & is the depreciation rate, tx isthe tax rate on
capital, and PJ; is the price index for investment. Asin the case of |abour there may be reasons why
the rate of return on capital differs across sectors (for instance imperfect capital markets). We assume
that these differences are stable from year to year, i.e.

(86) IR =p OR

8.3. Energy prices

The price of oil to each sector is determined by the import price of oil and sector-specific taxes. The
model allowsfor CO, tax on ail:

(8.7) P,=F,1+t,) +TAXCO2U * CO2QEQU, * a,
where P, isthe import price of oil, z,; isimport duty, TAXCO2U is atax per unit of CO, emitted,
CO2EQU; are emissions, measured in CO, equivalents, per unit of oil used by sector i, and ¢;

indicates the share of domestic emissions in total emissions.

The price of gasoline for private consumption is determined according to equation (8.8):

PUCP =(PUCPNET +(PUCPNET * TUCP _PER +TUCP _FIXED)* TULEVEL)
+TAXCO2U * CO2EQUCP,

(8.9)

where PUCPNET isthe import price of gasoline, TUCP_PER is an ad valorem tariff on imported
gasoline, TUCP_FIXED isan import duty per unit of imported gasoline, TULEVEL is avariable that
varies the level of both of these tax rates simultaneously (normally set equal to 1), TAXCO2U is atax
per unit of CO, emitted and CO2EQUCP are emissions, measured in CO,, equivalents, per unit of
gasoline.
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8.4. Prices of intermediate inputs

Prices of intermediate inputs to the sectors depend on the sector-specific composition of the inputs,
described by the input-output coefficients, and the output prices (inclusive of taxes) of each product
and the import prices of each type of import that make up the intermediate input composite:

(8.9) PI = z y, PO, + Z y,PM

1
JUsector Wl imports

where PI; is the price of sector i’ sintermediate input composite, PQ; is sector ;' s output price, PM; is
the price of import category j, and the ;s are the input-output coefficients.

8.5. Output prices

Generally, each sector’s output price is set equal to the average unit cost including taxes, i.e., we
impose a zero profit condition.® Total production costs are

(8.10) T1C, =w,E, +P,U, + PK.K, +PI ],
Then the output price of sector i is

_TC, [(1+1,,)

8.11) PO,
@811 Pg, 0

wheret,q isatax on sector i.

9. Emissions of greenhouse gases

Emissions of each greenhouse gas; are related to the production of metal, agricultura products, and
geothermal energy, as well as private transport, food consumption, residential energy use, and energy
use in each production sector:

(9.1 GHG_,' =5 /‘MPQW +E_ jAGQAG +§(_ jl:'GQEG + _jYPRC’I'PR -'{jlw‘()()CFOO 'E_jkhNCRhN + Z '3 jU,-l]i

iOector
wherej takes the values CO,, CH,4, N0, and PFC, and the ;s are emission coefficients. HFC isan
exogenous variable in the model. SFs emissionsin Iceland are negligible. The emissions of each

greenhouse gasj are then converted into CO, equivalents, CL o), USing gas-specific conversion
factors that measure the gases’ global warming potential:

(9.2 CLiyy, =6,GHG,

where GHG; is the amount of greenhouse gasj and & is the conversion factor used to convert this
amount into CO, equivalents.

Total net emissions of greenhouse gases, measured in CO, equivalents, are then:

% The exceptions to this general rule are output prices of government services (GS) and the sectors for which output is
exogenously determined in this model, fisheries (FI), forestry (FO), land reclamation (LR), and metals (MP).
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(9.3) CLmZ:za(m , —CO,SEQ for j=C0,,CH,,N,0,PFC,HFC, SFy
J

taking into account sequestration by the forestry and land reclamation sectors (CO,SEQ).

10. Gross domestic product

The contribution of a sector to gross domestic product, i.e., its value added, in constant pricesis
defined as gross production minus intermediates and energy

(10.1) Y =0 -1, -U,

Priceindices for value added by sector are constructed by dividing value added in current prices by
value added in constant prices

VO, -VI, -VU,

(102) PY =
Qi _]i _U/

11. Government budget

The government’ s income consists of taxes on factor inputs, consumption taxes, taxes on the market
value of output, import duties, investment taxes, net interest income, and “ profits’ of the government
production sector. Government expenditures consist of government consumption and investment as
well as afforestation and land reclamation expenditures.”®

Total taxes on labour income are

1wk,

11.1 T =
(11.2) o

w
iOsecior

while taxes on capital are

(11.2) T, =t z PJ, K,

iOsector
where ¢, and 1, are the common labour and capital tax rates, respectively.

Similarly, taxes on ail, exclusive of CO, taxes, are

(1L3) L, = Y 1,BU, +(PUCPNET (TUCP_PER +TUCP_FIXED) [TULEVEL WCP

iOsecior

CO, taxes are

" There are no separate intermediate input taxes. However, intermediate input prices do, of course, reflect taxes levied on
sectoral outputs.
8 Net receipts from sales of CO, quotas are included in the government budget equation from 2008 onwards.
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(114) T

co2

=TAXCO2U [ CO2EQU, [&, W,

i(sector] ccons
Total consumption taxes are

i B.C

115 T.= !
we -y

illcons

The consumption tax rates (z.) are different for different consumption categories.

Sectors may also be subject to atax on the market value of their output

to Lo, 9,

iCisector 1+ lVQ,

(116) T, =

In addition the model allows for aunit tax on the output of the metal production sector

(11.7) 1, =Ty, =torr Wup
Import duties on non-oil imports sum up to

t P, tyovocrrorPuvoc
— "MNOO~ MNOO _ MNOCPTPR” MNOCPTPR
- (WO MVOCPTPR ) + WOCPTPR

1+ tMNOO 1+ tMNOCPTPR

(11.8)

TMNO

where we allow for different import duties on products for private road transport (¢uwocrrer), mainly
automobiles, and other non-oil imports (tywvo0). Puocerrr @8d Pupoo are prices (inclusive of import
duties) of non-oil imports for private road transport and other non-oil imports, respectively. MNO is
the volume of non-oil imports exclusive of imported intermediate goods for the metal producing
sector and MNO,rrpr, is the amount thereof that is accounted for by private road transport.

Investment taxes are
t.PJ.J,
(119) T/ = z J ]
JO{H B v} 1+ tj

Thus, the model allows for different tax rates on different types of investment. Theserates are
assumed to be the same across sectors.

Government’s net interest revenueis

(11.10) NIR = IRGS INGA(-1)

where IRGS is the interest rate on government’ s net assets and NGA(-1) is government’ s net assetsin
the previous year.

The “profits’ of the government production sector are denoted by 7z;:

(11.11) 7155 = POgs Qs —TCos
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In addition the government pays for government consumption (C;) and investment (/;) and the cost of
forestation (7CFO) and land reclamation (7CLR). These cost and revenue items result in the
following expression for the government budget surplus

NGB =T, +Ty +1,, +1pp, *1p +T)y +1oyp o +1, +NIR 4T

(11.12)
-PC, [C, - PJ; U, ~TCFO -TCLR

where all taxes are defined net of subsidies.

12. Analysis of a reference scenario

The main purpose of the ISM model is to analyse the economic costs of reducing emissions of GHG
to comply with the restrictions set forth in the Kyoto protocol. In order to estimate these costs a
reference point is needed. Therefore, we first analyse a “business-as-usual” scenario in which Iceland
is not bound by any commitments to reduce emissions. We then compare the outcome of this case to
scenarios in which policies are implemented to reduce GHG emissions.

12.1. Assumptions

The most important assumptions of the reference scenario are as follows:

*  Productivity: Assumed to increase yearly by 1.3% in all sectors. The assumption is based on the
yearly average productivity growth in Iceland from 1963-1999.

* Fish catch: For the year 2001, we use the same assumption as in the latest macroeconomic
forecast of the National Economic Institute (NEI), i.e., it is assumed that the fisch catch declines
by 7%. Otherwise, the yearly growth in fish catch is assumed to be as follows:

2002-2004: 2%
2005-2015: 2.5%
2016-2025: no growth.

e Afforestation and land reclamation: We assume that the yearly planting and reclamation
activity from 2001 onwards equals the realized annual average for the period 1991-1999 exclusive
of the 1997-2000 carbon sequestration inititative. That is, we assume that 1,000 hectares are
planted with trees annually and that approximately 2500 hectares are affected annually by land
reclamation.’

* Government consumption and investment:. Government consumption and investment are
assumed to grow by slightly more than 2% annually on average. This tranglates into
approximately 2v% percentage point decrease in the share of government consumption and
investment in GDP in the period 2000-2025.

* Current account: The current account deficit was ISK 43 billion in 1999 or around 7% of GDP.
In our simulations we assume that it gradually decreases to 1.5% of GDP in 2006 and that it
remains at that level until the end of the simulation period in 2025. The implication is that the
ratio of net foreign debt to GDP will be similar in 2025 as in the beginning of the simulation
period.

» Taxes: All tax rates remain unchanged throughout the simulation period.

* Labour force participation: Historically labour force participation has fluctuated considerably
but there has been no overall upward trend in thisratio since the early 1980s. The labour force
participation rate is now between 77% and 78%. It is assumed that it remains at that level
throughout the simulation period.

° If one includes the carbon sequestration initiative the figures are 1,100 ha. and 3,000 ha. for afforestation and land
reclamation, respectively.
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¢ Working-age population: The Energy Forecast Committee in Iceland has published a detailed
forecast regarding population growth in different age categories for each 5-year period from 1995
to 2025. We use thisforecast to arrive at our assumptions regarding the growth of the working-
age population:
2000-2005: 1.0%
2006-2010: 0.7%
2011-2015: 0.7%
2016-2025: 0%

* Export demand (MIX variables): We assume a4% yearly increasein all the MIX variables (see
section 5) except MIXS, which we assume will increase by 5% ayear.

*  World market prices of exports (except metals): We keep this unchanged from year 2000
levels. Ultimately, assumptions regarding exogenous prices determine the price level in the
simulations. The good (or goods) for which price is exogenously set throughout the simulation
period playsthe role of a numeraire.

*  World market prices of metals: The price of metals varies somewhat but in the long run the
real priceislittle changed from its assumed level in the year 2000.

* Oil (import) prices: We assumed this to be the same as in the year 2000.

* Non-oil import prices: We keep this unchanged from year 2000 levels.

12.2. Results

Tables 12.1-12.4 contain simulation results for the reference scenario. The model projects almost
doubling of GDP from 2000 to 2025, or 2.6% average annual growth. GDP growth isfast to begin
with but decreases later in the period as working age population growth slows down. Relatively high
levels of investment are forecasted early in the period but a slowdown in economic growth and a
relatively slow growth of public investment lowers the share of investment in GDP during the
simulation period. Thefirst effect isthe well-known accelerator effect. Despite the projected
sowdown in investment after the initial spurt, the capital-labour ratio increases throughout the
simulation period and is more than twice as big in 2025 than in 2000. Thisis due to the fact that
technical change reduces the price of produced goods, i.e. capital, relative to labour. The reduction in
the current account 2001-2006 necessitates fast export growth which comes at the expense of private
consumption. From 2007 onwards, however, relatively slow growth in public consumption and
investment together with favourable devel opments in the terms of trade leave room for arelatively
fast growth in private consumption.

To bring about the reduction in the current account deficit by the year 2006, domestic prices have to
fall relative to foreign prices. Thus, there is around 3% deterioration in the terms of trade from 2000
to 2006. Once the current account bal ance target has been reached, strong growth in the demand for
Icelandic export products gradually improves the terms of trade. Consequently, the terms of trade are
dlightly better in 2025 than in 2000. Export prices of fish products increase substantially in the same
period or by 12-15% relative to other export prices. This can be explained by the twin assumptions of
strong demand growth and supply side constraints.  The improvement in the terms of trade from 2007
onwards means that the volume of imports can grow faster than the volume of exports without
violating the assumption regarding the current account deficit.

Emissions of GHG increase by approximately 27% in the period 2000-2025. The assumed increases
in productivity, which result, among other things, in alower oil consumption per unit of production,
cause the growth in emissions to be considerably lower than the growth in GDP. Road transport
accounts for about 40% of the increase in emissions, and fisheries and heavy industry about 15% and
13%, respectively. The remaining 30% is accounted for by various sources. Despite their fast
growth, the air and sea transport sectors account for less than 2% of the increase in emissions as only
domestic emissions count towards the limits set forth in the Kyoto protocol.
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It isimportant to note that our assumptions regarding HFC emissions from 2011 onwards are
considerably lower than the official forecast by the Environmental and Food Agency of Iceland.
According to the Montreal agreement, the fishing fleet is required to phase out ozone-depleting HCFC
for refrigeration and freezing purposes in the period 2004-2025. In the official forecast a substantial
part of the post-2005 growth in HFC emissionsis due to the assumption that the fishing fleet will
satisfy the requirements of the Montreal agreement by converting to HFC equipment. Here, however,
we assume that there will be widespread conversion to ammonia equipment.

Annual sequestration of GHG was 137 thousand tons of CO, greater in 1999 than in 1990. The stated
official goal of 100 thousand ton increase in annual sequestration by the year 2000 has, thus, already
been exceeded. Thisisdueto an upward revision in estimates of sequestration per hectare. Our
assumptions regarding afforestation and land reclamation imply that by 2012 annual sequestration of
CO, will be approximately 320 thousand ton greater than in the reference year 1990 and 460 thousand
ton greater by 2025. Nonethel ess, sequestration does not keep up with the increase in emissions.
According to the Kyoto protocol, net emissionsin Iceland in 2008-2012 can exceed 1990 levels by
10%. Net emissionsrefer to emissions less sequestration by recognized means. We have assumed
that land reclamation’ s contribution to sequestration will be recognized, but this may or may not be
the case.’® The model simulation indicates that net emissions will exceed the limit set by the Kyoto
protocol by almost 300 thousand tonsin 2008-2012. If we assume that allowable net emissions will
not be increased further emissions will exceed stipulated levels by 500 thousand tonsin 2025. Given
the model’ s sequestration rate assumption in afforestation of 6.1 ton CO, per ha, it would take a forest
of more than 80,000 hain order to sequester the excess net emissions of GHG. For comparison, plans
for Sudurlandsskogar, the current major forestation project in the southern part of Iceland, are for
approximately 25,000 ha of forested areas in the next 40 years.

Table 12.1. Simulation Resultsfor a Few Important Economic Variables - Refer ence Scenario.
Volume I ndices and Average Annual % Change

Period GDP Private Investment Exports Imports Terms of
consumption Trade
Y, % Y % vV % Y % vV % Y %
2000 100.0 100.0 100.0 100.0 100.0 100.0

2012 1472 | 3.3 1313 | 23 160.3 | 4.0 | 1879 | 54 1583 | 3.9 98.8 | -0.1

2025 190.7 | 2.0 | 1798 | 25 | 1838 | 11 24719 | 22 | 2122 | 23 1006 | 0.2

V=Volume index
%=Average annual % change (from previous year in table)

Table 12.2. Simulated Production Valuesfor Selected Sectors (Gross Production) - Reference
Scenario. Volume I ndices and Average Annual % Change

Period Fisheries Fish Meta Other Mfg. Road Air Sea Other
Processing | Production Transport Transport Transport Services
\% % \% % \% % \% % \% % \% % \% % \% %
2000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

2012 1202 | 1.5 | 1064 | 0.5 | 1138 | 1.1 | 2720 | 87 | 1553 | 3.7 | 161.1 | 4.1 | 1669 | 44 | 1542 | 3.7

2025 12905 | 0.6 | 1135 | 0.5 | 1138 | 0.0 | 395.8 | 2.9 | 2189 | 2.7 | 197.8 | 1.6 | 219.2 | 2.1 | 2124 | 2.5

V=Volume index
%=Average annual % change (from previous year in table)

19111 our simulation ,average annual sequestration due to land reclamation in 2008-2012 is approximately 160 thousand tons
CO..
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Table 12.3. Emissions and Sequestration of GHG — Simulation Results in Reference Scenario.
CO:; Equivalents and Average Annual % Change

Period Emissions Sequestration Net emissions
in excess of
1990 level +
10%
tht % tht % tht
2000 3,277 160 -92
2008-2012 3,793 L5 293 6.2 291
2025 4,169 0.6 459 3.0 502

tht = CO, equivalents in thousands of tons
% = Average annual % change (from previous year/period in table)

Table 12.4. Emissions by Activity — Simulation Results in Reference Scenario. CO, Equivalents
and Shares of Total Emissions

Period Fisheries Metal Prod. | Other Mfg.* Air Sea Road Other
Transport Transport Transport**

tht sh tht sh tht sh tht sh tht sh tht sh tht sh
2000 767 | 234 | 803 | 245 | 283 | 86 22 0.7 16 0.5 659 | 201 | 727 | 22.2
2012 908 | 234 | 920 | 23.7 | 321 | 83 29 0.8 22 0.6 827 | 21.3 | 855 | 220
2025 904 | 21.7 | 920 | 221 | 347 | 83 30 0.7 24 06 | 1031 | 247 | 914 | 219

* All manufacturing apart from metal production (includes fish processing)

** This figure does not only refer to the “road transport” production sector. It aso includes private automobile
use and estimated oil consumption of vehicles owned by other sectors.

tht = CO, equivalentsin thousands of tons

sh = % share of total emissions

13. Possible Policy Responses

The model suggests that in a business-as-usual scenario GHG emissionsin excess of sequestration
will be significantly above the maximum level stipulated by the Kyoto agreement. Various policy
options are available to prevent such an outcome. Among these options are CO, taxes and increased
afforestation and land reclamation. Additionally, international markets for CO, quotas may be estab-
lished where countries with excess CO, quotas can trade with those experiencing deficit. In this sec-
tion, we use the ISM model to address each of these possibilities.

13.1. CO, Taxes

Virtually all endogenously determined emissions in the model stem from the use of oil. One possible
policy tool to combat excess emissionsisto impose a CO, tax on oil. We assume that taxation starts
in 2008, the first year of the commitment period of the Kyoto protocol. It should be noted at the outset
that the substitution elasticities of the production functions reflect long-term flexibility in production.
Therefore, it is possible that taxation might have to start, and the associated costs borne, prior to 2008
for the oil tax to obtain the necessary emission reductions.
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Table 13.1. Necessary CO, Tax. ISK thousands per ton

2008 15
2009 18
2010 19
2011 24
2012 28
2016 37
2020 37
2025 40

Table 13.1 illustrates the CO, tax that is necessary according to the model to keep GHG emissions
within the level stipulated by the Kyoto protocol from 2008 onwards. From the very start the required
taxes are extremely high. For example, the tax level in 2008 implies a 135-200% increase in fuel
prices to the production sectors compared to the baseline scenario. The tax levelsin the latter half of
the simulation period imply 4-6 fold increasesin fuel prices. In our simulations the output of the fish-
eries sector is exogenous. Given such a high CO, tax, thisis hardly arealistic assumption without a
major income transfer scheme. According to the simulations, GDP and consumption would be about
1.1% lower in 2025 than in the baseline scenario. However, with the tax levelsimposed the credibility
of the simulations may be questionable.

13.2. Increased Afforestation, Land Reclamation Efforts and International
Markets for CO, Quotas

It seems clear from the previous section that a CO, tax alone is not arealistic option to decrease emis-
sions sufficiently from the baseline scenario. Current sequestration rate estimates, abundance of
available land and cost considerations suggest that increased aff orestation and land reclamation may
be an attractive alternative."* Cost figures from the carbon sequestration initiative imply that the cost
per CO, ton sequestered is between ISK 800 and I1SK 1,200 in net present value terms.”? In particu-
lar, the revised sequestration rates have made aff orestation a considerably more attractive option than
previously believed, although the cost of sequestration is still lower in land reclamation. If interna-
tional markets for CO, quotas were established Iceland would also have the option of trading in these
markets. Projections of likely CO, quota prices vary widely but most estimates are in the range 1SK
1,000 to ISK 5,000 per ton.”® In this paper we assume a price of 1SK 2,000.

Model simulations were run assuming 2,200 hectares will be planted with trees and 9,000 hectares
will be seeded and fertilized each year from 2002 onwards. These assumptions imply atwofold in-
crease in the rate of afforestation and threefold increase in land reclamation compared to 1991-1999
averages. According to the Soil Conservation Service of Iceland athreefold increase in the rate of
areas reclaimed could definitely be achieved. A twofold increase in the rate of afforestation should
also be within the confines of reality. Infact, Arnér Snorrason of the Iceland Forest Service outlines
a somewhat more ambitious plan in a newspaper article and considers it amodest one.** Using cost

1 According to arecent report on Iceland’ s carbon sequestration initiative only “...about 1.4% of Iceland is wooded, but
potentially 25% could be covered with forests and woodlands.” (Binding kolefnis i grédri og jardvegi, Afangaskyrslia 1999,
Verkefnisstjorn &aks i landgraedsiu og skograskt 1997-2000, Agust 2000.)

These estimates are obtained using areal rate of interest of 5%.

13 Seg, “Yfirlit um efnahagslega padti er varda adgerdir til ad takmarka eda draga (r losun grédurhtisal ofttegunda og adild
islands a® Rammasamningi S.p. um loftslagsbreytingar - unnid af

rédgjafanefnd um efnahagsl ega padti samninga um minnkun & losun grédurhdsal ofttegunda’, April 21, 1999.

14 Arnér Snorrason, Moguleikar skégrektar til ad binda koltvisyring, Morgunbladid, February 1, 1998, p. 30.
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figures from the carbon sequestration initiative our assumptions imply total yearly afforestation and
land reclamation costs of approximately ISK 700 million.

Increased afforestation and land reclamation go along way towards eliminating excess net emissions
by 2008-2012 as can be seenin Table 13.2. If we assume that allowable net emissions will not be
increased further from those stipulated by the Kyoto agreement for 2008-2012, excess emissions will
be eliminated by 2018 and Iceland will have a surplus of 130 thousand tonsin 2025. To bridge the
gap until 2018, amodest CO, tax could be imposed. Simulations suggest that a tax of less than ISK
2,000 per ton CO, would suffice in the first commitment period 2008-2012 (see Table 13.3). GDP and
private consumption are 0.1-0.2% lower than in the baseline scenario during the simulation period.

Table 13.2. Emissions and Sequestration of GHG — Increased Afforestation and Land
Reclamation but no CO, Tax. CO, Equivalents and Average Annual % Change

Period Emissions Sequestration Net emissionsin
excess of 1990
level + 10%
tht % tht % tht
2000 3,277 160 -92
2008-2012 3,790 15 529 12.7 53
2025 4,167 0.6 1,089 3.0 -130

tht = CO, equivalents in thousands of tons
% = Average annual % change (from previous year/period in table)

Table 13.3. Necessary CO; Tax. ISK thousands per ton

2008 1.6
2009 1.8
2010 13
2011 2.0
2012 2.0
2013 2.2
2014 21
2015 2.0
2016 14
2017 0.7
2018 0.1
2019 0

If international markets for CO, quotas become areality, Iceland could also satisfy the restrictions set
forth in the Kyoto protocol by quota purchases until 2018. After 2018, however, Iceland would have a
surplus of CO, quotas that it could sell at the world market price. In our simulations we have assumed
aworld market price of ISK 2,000 per ton CO, and atax on CO, emissions equal to the world market
price. Private consumption during the simulation period is on average around 0.1% lower than in the
baseline scenario. The reduction in consumption isrelatively great at first but because of revenues
from CO, quota sales, consumption in the two scenariosis virtually the sasmein 2025. Dueto the
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assumption that the world market price of CO, quotasis greater than the cost of sequestration, the
consumption level will ultimately exceed that of the baseline scenario.

14. Some Other Possible Scenarios

In our analysis above we departed from the official forecast of the Environmental and Food Agency of
Iceland regarding HFC emissions. Thisforecast isafew yearsold and is currently being updated.
Although it isin all likelihood somewhat too high with respect to HFC emissions, it isworth
analysing briefly the implications of such a“worst case” scenario.

Table 14.1. Emissions and Sequestration of GHG — Amended Baseline Scenario: HFC
Emissions According to Official Forecasts. CO, Equivalents and Average Annual % Change

Period Emissions Sequestration Net emissions
in excess of
1990 level +
10%
tht % tht % tht
2000 3,277 160 -92
2008-2012 3,801 L5 293 6.2 300
2025 4,491 1.1 459 3.0 824

tht = CO, equivalents in thousands of tons
% = Average annual % change (from previous year/period in table)

In the previous simulations we followed the official forecast for HFC emissions through 2010 so most
of the divergence from the baseline scenario occurs after the first commitment period. On average
emissions in 2008-2012 are only about 22 thousand ton of CO, equivalents greater than in the base-
line scenario. By 2025, however, the difference is 324 thousand tons. Most of thisincrease is attrib-
utable to the fisheries sector. Increased afforestation and land reclamation do not manage to eliminate
the deficit during the simulation period unlike in the previous analysis. Excess net emissions are
dightly over 60 thousand tons of CO, annually in 2008-2012 and about 190 thousand tons in 2025.
Table 14.2 gives the CO, tax necessary to reduce emissionsto the levels stipulated by the Kyoto
agreement (given an increase in afforestation and land reclamation).

Table 14.2. Necessary CO; Tax. ISK thousands per ton

2008 1.6
2009 1.8
2010 13
2011 2.5
2012 31
2015 52
2020 4.8
2025 6.4

24



While taxation together with increased sequestration may be arealistic option for reducing emissions
sufficiently through the first commitment period, additional measures would probably be called for
later on. The CO, tax ratein 2012 translates into an increase in fuel prices to the production sectors
by around 1SK 8 (USD 0.1) per liter, the tax rate in 2015 to an increase of 1SK 14 (USD 0.15) per
liter, and the tax rate in 2025 to an increase of 1SK 17 per liter. Evenif tax rates of this magnitude are
viable they probably put an unnecessary burden on the production sectors. An economically efficient
tax rate in the presence of international CO, quota marketsis equal to the world market price of CO,
quotas, and equal to the cost of sequestration in the absence of such markets. In spite of the CO, tax
the macroeconomic impact of the measures to limit emissions would be relatively small. Private con-
sumption would be approximately 0.1% lower than in the baseline scenario on average during the
simulation period. Likewise, the impact on the production of individual sectorsis small. For example,
the output of the transport sectorsis decreased by around 0.5%. The CO, tax leads to a 190 thousand
ton reduction in emissions in 2025 when compared to the baseline scenario. Table 14.3 shows how
that reduction is distributed among various activities. The production of the fisheries sector is exoge-
nous by assumption (and so isits HFC use) so the reduction in emissionsis caused solely by measures
to increase fuel efficiency in response to higher prices.

Table 14.3. Reduction in emissions (thousands of ton CO,) as a result of CO, tax: Comparison
with the baseline scenario in 2025

Road transport 93
Fisheries 54
Other manufacuring 14
Other 31
Total 192

There are several other developments, apart from potentially greater use of HFC in the fisheries sec-
tor, that could significantly alter the picture presented in section 13. First, Iceland has proposed that a
specia consideration be given to big projectsin small economies that use renewable energy sources.
If agreed to, the proposal would exempt a large fraction of the emissions from aluminium and ferro-
silicon capacity built since 1990 from the Kyoto agreement. It would also make new aluminium
smelters possible without exceeding these emission restrictions. Emissions from aluminium and fer-
rosilicon capacity already in use or under construction that would qualify for this exemption arein
excess of 500 thousand tons CO, equivalents. Under the proposal approximately 400 thousand tons
would be exempt. Thus, if the proposal is agreed to, Iceland would be well within its emission limit
in 2008-2012 in al of the scenarios presented above, or close to 150 thousand tons of CO, within the
limit in the baseline scenario and approximately 350-400 thousand tons within the limit with the ad-
ditional afforestation and land reclamation efforts described above.

Additional aluminium smelters would also change the picture presented so far. A little over 2 tons of
CO, equivalents are emitted per ton of aluminium produced so that, for example, a 240 thousand ton
aluminium smelter would result in Iceland being approximately 750 thousand tons of CO, over its
emission limit in 2008-2012 in the baseline scenario and 500 thousand tons over the limit with in-
creased afforestation and land reclamation effort. Iceland’ s proposal dramatically alters the situation.
A new 300 thousand ton aluminium smelter could be accommodated within Iceland’ s emission limits
for 2008-2012. With an increased afforestation and land reclamation effort like that described above,
close to 800 thousand ton aluminium production on top of that in the baseline scenario could be ac-
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commodated.” Finally, asis evident from the effect of CO, taxation in the scenarios presented above,
long-term trends in oil prices may significantly affect emissions, and, thus, the force with which other
measures need to be implemented if Iceland signs the Kyoto protocol.

15 |ow PFC emission rates would increase the aluminium production that could be accomodated.

26



References

Alfsen, K.H., T. Bye and E. Holmgy (eds.): MSG-EE: An Applied General Equilibrium Model for
Energy and Environmental Analyses. Social and Economic Studies no. 96, Statistics Norway, 1996.

Fimmti vidauki vid adalsamning milli Rikisstjornar [slands og Alusuisse-Lonza Holding Ltd.,
fylgiskjal vid 16g nr 155/1995 um lagagildi vidaukasamnings milli rikisstjornar slands og Alusuisse-
Lonza Holding Ltd. um abrasdslu vid Straumsvik, Stjérnartidindi, vol. 2, 1995, pp. 800-828.

Cappelen, A., R. Choudhury, P. R. Johansen and K. Magnusen. The Selection Model of Saudi Arabia.
Revised Version 1998. Documnets no. 98/6, Statistics Norway, 1998

Baldurson, Fridrik. Project proposal: An economic model for Iceland to be used for estimation of the
economic effects of reductions in greenhouse gas emissions. Memorandum, National Economic
Institute, |celand, 1998.

Energy Information Administration, Short-Term Energy Outlook, Table 4. U.S. Energy Prices,
October 1998, www.eia.doe.gov/emeu/steo/pub/4tab.html

Hardarson, Yngvi. CO; afgift og olieforbrug i Island, 1993.

International Energy Agency, World Energy Prospects to 2020: Paper prepared for the G8 Energy
Ministers’ Meeting Moscow 31 March — 1 April 1998, <www.iea.org/g8/world/index.htm>

Jonsson, Porbergur Hjalti. Minnspunktar fyrir fund d Orkustofnun 21. mars 1997 um
koltvisyringsbindingu i grodri og jardvegi, Memorandum, March 18 1997.

Jonsson, P.H., and Ulfur Oskarsson. Skograkt og landgrasdslatil ad nema koltvisyring ar
andramslofti. Skogreektarritio 1996, Skograktarfélag islands, 1996.

L andbinadarréduneytid (Ministry of Agriculture), verkefnastjorn, Atak i landgreedslu og skégreekt til
arsins 2000: Stéouskyrsla 1997, May 1998.

Orkusparnefnd (Energy Forecast Committee), Eldsneytisspa 1995-2025, Orkustofnun (National
Energy Authority of lceland), 1995.

Snorrason, Arnor. Moguleikar skograktar til ad binda koltvisyring, Morgunbladio, February 1, 1998,
p. 30.

Sudurlandsskégar, Kostnadardad|un Sudurlandsskdga, Fylgiskjal 111 med frumvarpi til lagaum
Sudurlandsskéga, nr. 93/1997.

Umhverfisréduneytid (Ministry for the Environment). Second Status Report for Iceland pursuant to
the United Nations Framework Convention on Climate Change, Reykjavik, 1997.

Verkefnisstjérn ataks i landgraedsiu og skégraekt 1997-2000. Binding kolefnis i gréori og jardvegi,
Afangaskyrsla 1999, August 2000.

Vilhjdimsson, Jon, Téflur um eldsneytisnotkun Islendinga drin 1980-1997.
World Coal Institue. The Six Greenhouse Gases, February 25, 1998, <www.Wci-

coal.com/clnews3.htm>.

27



Yfirlit um efnahagslega peetti er varda adgerdir til ad takmarka eda draga iir losun
gréodurhusalofitegunda og adild Islands a0 Rammasamningi S.p. um loftslagsbreytingar, unnid af
radgj afanefnd um efnahagsl ega padti samninga um minnkun alosun grodurhisal ofttegunda, April 21,
1999.

28



Appendix 1: Main Data Sources

Eysteinsson, brostur (Skograekt rikisins (Iceland Forest Service)): Taflamed upplysingum um
aadladan hektarafjolda nyrrar skograektar 1980-1999 (unpublished).

Hagstofa Islands (Statistics Iceland), Hagtidindi, various issues.

Hollustuvernd (Environmental and Food Agency of Iceland): Various tables with information on the
emissions of greenhouse gases, 1990-1998, and forecasts to 2025.

Rikisbdkhald, Unpublished tax data.

Sedlabanki islands (Central Bank of Iceland), Hagtolur Mdnadarins, Various i SSUes.
Pj68hagsstofnun (National Economic Institute). Various publications including:
bjoohagsreikningar (National Accounts), Ségulegt yfirlit hagtalna 1945-1998 (Historical Statistics

1945-1998), Biiskapur hins opinbera, Atvinnuvegaskyrslur, Arsreikningaskyrslur, and unpublished
data tables.
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Appendix 2: Definitions of production sectors

The input-output table relies to alarge extent on an input-output table constructed at the National
Economic Institute (NEI) for the year 1992. Data for production sectors has been aggregated to con-
form with the sector division of the model. Table A.1 below documents how each production sector
in the model corresponds to the data given in the original input-output table.

Table A.1. Definitions of Production Sectors

Production sector in model

Corresponding Information in original Input-Output
Table

(Industry number within parentheses)

Agriculture (AG)

Agriculture (11)

Fisheries (FI)

Fishing and Whaling (13)

Fish Processing (FP)

Fish Processing (30)

Metal Processing (MP)

Manufacture of aluminium and ferro-silicone (37)

Other Manufacturing (MA)

Manufacture of food and beverages excl. fish processing (31)
+ Manufacture of textiles, wearing apparel and leather prod-
ucts (32) + Manufacture of wood and wood products includ-
ing furniture (33) + Manufacture of paper and paper prod-
ucts, printing and publishing (34) + Manufacture of chemi-
cals and plastic products (35) + Manufacture of non-metallic
mineral products (36) + Manufacture of fabricated metal
products, machinery and equipment (38) + Other manufac-
turing industries (39)

Energy- Hydro (EH)

Electricity supply (511)

Energy — Geothermal (EG)

Hot water supply (513)

Construction

Construction (50)

Road Transport Scheduled passenger land transport (712) + Other passenger
land transport (713) + Fright transport by road (714)

Air Transport Air transport of passengers and freight (717) + Supporting
servicesto air transport (718)

Sea Transport Ocean transport (715) + Operation of harbours and light-

houses (716)

Post and Telecommunication

Post and tel ecommunication services (72)

Other Services

Water supply (42) + Wholesale trade and commission
broking (61) + Retail trade (62) + Restaurants and hotels (63)
+ Travel agency services (719) + Storage and warehousing
(720) + Financia institutions (81) + Insurance (82) + Real
estate and business services (83) + Market services of health
(93) + Recreation and cultural services (94) + Personal and
household services (95) + Producers of private non-profit
services to households (99)
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