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Abstract

Adequately representing dynamic characteristickod use change and forestry in
computable general equilibrium models is challegdit essential if modellers are
to provide credible assessments of policies thaictdy or indirectly influence these
phenomena. In this paper, we show how a dynamiceseptation of planted or
naturally regenerating forests may be integratetiivia neoclassical, intertemporal
general equilibrium model. We demonstrate the appbn of such a model to assess
the impacts of including forestry within a hypotlcat emissions trading scheme in
the US, showing the resulting changes in land us® iacreases in the optimal
rotation length.
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INTRODUCTION

Reducing deforestation and degradation, afforestatreforestation, and forest
management, management of harvested wood prododtfoeest bioenergy supply
are listed by the IPCC as key policies for shorintedium term greenhouse gas
(GHG) mitigation (IPCC, 2007). Policies and measute limit forest carbon
emissions and/or to increase forest carbon stooksoh considerable interest to
policy-makers in many countries, not only for theatential mitigation benefits, but
also for their food security and even energy ségcumplications. However, to
robustly quantify the impacts of such policies ofteequires accounting for
interactions not only between agricultural and $tme sectors, but also energy and
other sectors. At larger scales, these interactmoag also involve linkages through
international trade.

General equilibrium (GE) models are one of the famalytical tools that can
represent interactions between all sectors andmegf the global economy, and can
be used to assess the direct and indirect (sometouanter-intuitive) effects of
climate and other policies. While significant adees have been made in the
representation of land use and land use changé&imodels, important challenges
remain (Hertel et al., 2009). One important chalkers to adequately model forestry
(Sohngen et al.,, 2009; Pant, 2010). In this paper,discuss different ways of
accounting for forest carbon and explain how treféect the economics of planted
or naturally regenerating production forests. Wantgo on to show how the impacts
of a hypothetical policy may be simulated using @E model ‘CIIMAT-DGE’,
which includes an explicit representation of forggiwth and dynamically optimal
decisions in forestry (Lennox et al., 2011).

Dynamic models of timber supply are found in paeguilibrium models developed
by forest economists. For example, the Global FoRreducts Model (GFPM)

(Buongiorno et al., 2003) provides a detailed repnéation of the supply of and
international trade in timber and harvested woaipcts within a recursive dynamic
partial equilibrium framework. The Global Timberoklel (GTM) (Sedjo and Lyon,

1990; Sohngen et al., 1999) focuses on global tisbpply and demand within an
optimal dynamic partial equilibrium framework. THeTM is an intertemporal

optimisation model in which forestry producers sé@hknaximise profits subject to
various constraints associated with different foreganagement regimes.

Traditionally GE models that distinguish a forestter have modelled it as any other
sector. This overlooks the slow dynamic responisasresult from the production of
outputs using land and other inputs applied ovexcguling decades. However,
recently there have been efforts to model forest$ farestry more realistically.
Golub et al. (2009b) extend a recursive dynamisiverof the GTAP-AEZ model to
model deforestation, using the input and output dait the GTM. Pant (2010)
proposes a more comprehensive approach in a reeudginamic framework,
explicitly modelling (as relevant) activities ofguiting, growth and logging. In this
paper we develop and demonstrate a multiregiorntaitemporal GE model that
incorporates a bottom-up representation of foresimgilar to that used in the GTM.
This framework allows us to endogenously modelriataporally optimal decisions
in forestry. We demonstrate the model for seveadban trading scenarios.



While much international attention has rightly fesad on efforts to reduce
deforestation and degradation of primary forestsléweloping countries, forestry
does or could potential play an important role iitigation in many developed
countries too. In this paper, we provide exampbegte US, where carbon stocks in
forests were 46 Gt C&e in 2010, with a further 2.5 Gt G€@ stored in HWPs (EPA
2011). Increasing afforestation and forest carb@magement could significantly
increase US removals of GHGs (Hertel 2009). The segtion briefly describes our
computational model ‘CliIMAT-DGE’, focussing on theclusion of forest growth
dynamics and optimal management in an intertemp@Elframework. Following
this, we review forest carbon accounting protocafsd explain the economic
incentives that may be associated with one padicatcounting scheme. Finally, we
present and discuss the results of an illustrativeulation study that involves the
inclusion of forestry in a hypothetical US emissdrading scheme (ETS).

THE CLIMAT-DGE MODEL

Overview

Our computational framework CIIMAT-DGE (Climate Myation, Adaptation and
Trade in Dynamic General Equilibrium) is ultimatétyended to consist of a number
of tightly linked economic and biogeophysical ma&délhe central component of this
computational framework is a multiregional interfmral general equilibrium (GE)
model (Lennox et al., 2011). Each region has alsirgpresentative household. We
assume households have perfect foresight and msithe discounted sum of their
instantaneous utilities, subject to a lifetime imeoconstraint. Firms are assumed to
be identical within each production sector and perate with constant returns to
scale in perfectly competitive markets. Regions laneed by bilateral trade flows,
modelled under the Armington assumption, with infiper substitution between
domestic and imported products from different ragioInternational transport
margins are associated with bilateral trade flohaxes and subsidies on output,
factor inputs, intermediate and final consumptibgaods are modelled, as are taxes
and subsidies on bilateral trade flows.

Firms’ technologies are described by nested cohstaaticity of substitution (CES),
Cobb-Douglas and Leontief production functions.f&#nt nesting structures are
used for agricultural and forestry sectors, eackhefcoal, oil, gas, oil refining and
electricity sectors, and manufacturing and sergeetors. All sectors in the model
use intermediate inputs, capital and labour. Adiucal and forestry sectors also use
land, while the primary energy sectors also usdosapecific and depletable
resources. Capital, once installed, is also sesgiecific and depreciates at a constant
rate. Capital stocks are increased through newstnwents.

Following Mathiesen (1985) and Laet al. (2002), the model is formulated as a
mixed complementarity problem (MCP) in GAM$Sand solved using the PATH

solver (Ferris and Munson, 1998) with a five-yaaretstep. It is calibrated to the

GTAP version 7.1 database (Narayanan and Walm2@@8), which we aggregate

here to thirteen sectors and three regions: theedrstates (US), rest of OECD
(ROECD), and rest of the world (RoW).



I ntegrating bottom-up forestry production

Forests are managed in many different ways, whicily be more or less
economically optimal with respect to timber andesthalues (e.g. carbon storage,
recreation, biodiversity). To represent various eg/pof forest and forms of
management within a dynamic intertemporal genegaiilierium model, we first
need to describe them in a way that is sufficienttih while remaining analytically
tractable. Arguably, the GTM provides just sucheadtiption; indeed, it is presented
in just this light by Sohngen et al (2009). In thaper, we limit our focus to planted
or naturally regenerating (i.e. self-seeding) patabun forests comprising even-aged
stands. Such forests dominate production in tentpeegions.

Our objective is to account for the optimal managetof even-aged production
forests, including determination of the optimakimsity of planting, management and
harvesting, and the optimal rotation length (harvage). In many developing,

tropical and sub-tropical countries, a large fi@ttof timber supply is associated
with harvesting or clearance of primary forestsisThoses different modelling

challenges that we will deal with in future reséarc

In the GTM, a biomass growth function gives biomastume as a function of
rotation length and management inputs associatddplnting and silviculture. The
equations are parameterised to reflect the growith management of different
species in different regions. In the GTM, the optlimotation length is determined
endogenously to maximise the present value of nturaed future rotations. The
essential feature of this calculation is that thera trade-off between the increased
yields obtained from longer rotations, and the oppuoty cost of delaying harvest of
the current and future rotations. Non-timber valsegh as forest carbon credits, can
also be considered.

The problem is slightly different in a GE settimgwhich we have competing land
uses (i.e. agricultural) and an explicit market fand. Recalling our earlier
assumptions of competitive markets and constaatngtto scale, we wish to choose
the input proportiongnd a harvest age that will yield the maximum of zprtoe
profits and equalise (discounted) marginal reverargbs costs. Similar to the GTM,
our approach is to use complementarity conditianslétermine endogenously the
particular input proportions and rotation lengtt{gt achieve this.

We define production functions for forestry thaimtmne land and other inputs to
produce logs for some harvest agdn these production functions, planting inputs
(if relevant) are used in perigdtogether with land in perioddo t+a-1 and logging
inputs in periodt+a. Depending on the forest management regime, it may
additionally be desired to model silvicultural mgament inputs (associated with,
e.g. thinning) at one or more periods betweandt+a, and there may be associated
secondary outputs (e.g. biomass available fromnthgs). Non-timber secondary
outputs (e.g. forest carbon credits) can also beethexd. The important restriction on
this production function is that the land inputhe same in all periods, as production
of logs in period+a requires that trees remain on a given area of Ugnid this time.

In Figure 1, we illustrate the structure of a ssngroduction function with planting,
land and logging inputs. Calibration of this modeld formulation of appropriate
terminal conditions are described in Lenmaal (2011).



Figure 1: Nested Production Function for Forestry
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For each forest type in a given region (or in tinepdest case, for a single forest type
representative of that region) several such predidtinctions are defined, one for
each allowable discrete harvest agerhese functions will differ in the number of
time periods for which land is required and theportions of non-land inputs.
Output per unit of land as a function awill reflect a yield curve for merchantable
log output reflective of the forest type and regidipper and lower bounds @may
reflect only the range required to accommodatelylik@riations in relative prices
and demand, or may also reflect structural fagtig. a regulatory minimum harvest
age). Complementarity between the negative prafitslevel of output of production
functions for each allowable harvest is exploite@hdogenously determine optimal
rotation length(s) in any period.

FOREST CARBON ACCOUNTING

Accounting Protocols

There are two main elements to forest carbon adowuprotocols implemented in
voluntary and compliance carbon trading schemee. fiflst are the rules around
what carbon pools are eligible and how they arentai The second is the treatment
of the potential non-permanence of forest carbokssiFor example, the Chicago
Climate Exchange issues credits for carbon in the tree, below ground and
optionally wood products remaining after 100-ye&is:. the latter, credits are issued
at the time of harvest. Up to 20% of credits as® aleducted from carbon pools to
account for uncertainty in the measurement of &otasbon sequestered in the
biomass. Forest owners providing offsets are contadly required only to maintain
carbon sequestration offsets through December @), 2after which the sequestered
carbon could be emitte€hicago Climate Exchan@®07a,b.

Galik et al. (2009) and Erikson et al. (2011) pdaviuseful reviews of carbon
forestry accounting protocols in the US. The protec¢hey review differ in terms of:

a. Eligible pools of carbon; live tree above grounteltree below
ground, standing dead trees, litter, soil and reiecewood products
b. Tests for additionality



c. Treatment of carbon stored in harvested wood pisditiVP)
d. Deductions from carbon pools to capture uncertadhtypeasurement,
leakage and reversals

The term “leakage” is used with different meaningsrelation to forest carbon.
Firstly, leakage refers to displacement of emissioom inside the project boundary
to outside the project boundary, as a result ofeptoactivities. For example, a
reduction in harvests to increase carbon storage forest may result in increased
harvests from forests elsewhere (Murray et al. 208écondly, leakage may also
refer to increases in fuel emissions resulting frose of equipment to carry out
management activities. Most US accounting protocoissider the former, while
Clean Development Mechanism protocols consider faharus et al. 2010).

For forest carbon sequestration projects “permagienefers to the fact that the
sequestration in forests can be reversed, throagdstf loss due to harvesting, fire,
windthrow, etc., cancelling the GHG benefit achitgy a project. Permanence
covers both the length of time a project is requii@ maintain GHG mitigation and
rules for avoiding reversals in the case that ss&igued carbon is emitted. For
voluntary programs where limited enforcement caeXjgected, requiring permanent
conservation easements is often used. For complipragrams, periodic assessment
of continued carbon storage is often required amdan credit owners are held liable
for replacing reversed offsets. This may be by gisither carbon credits, and/or a
fraction of the sequestered carbon being heldserie to cover emissions (Lazarus
et al. 2010).

For example, New Zealand’s Permanent Forest Sitiktine (PFSI) is implemented

as a covenant between the Crown and the landowrtech lasts for at least 50

years, and places restrictions on harvesting offdihest for 99 years to create a
continuous cover forest that forms a permanentstasmk. Under the PFSI, limited

harvesting is permitted, but participants are &afdr any net loss in the carbon
stocks in their forest from harvesting or any otbause up to the net amount of
carbon credits previously received for the for&sAF 2011).

The issue of non-permanence of forest carbon dnalsslead to several suggested
carbon crediting approaches for accounting foreimssion of sequestered carbon;
average stock, temporary credit, and stock chaRg@{ 2007). The average stock
approach was considered for afforestation projetisre successive harvesting and
replanting cycles would occur (Schroeder 1992, &olldinger et al. 2002, Baalman
and O’Brien 2006), with credits given annually kdhe@ carbon stock increases up to
the long-run average stock (Figure 2). This apgrolaas been abandoned by all
countries due to challenges in its implementation.



Figure 2: Above-Ground Carbon Sequestration €(nlue), and Cumulative
Carbon Credits Accrued to or Debited (red) per Biecof Southern
Natural Pine Forest Managed on a Forty Year Rotatiader the
Average Stock Approach
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The temporary credit approach is used for carbedits from forest plantations in

non-Annex | countries under the Clean Developmeatinism, where an emitter
temporarily purchases carbon credits associatddanibrest plantation to offset their
emissions. The forest owner is then liable for #missions. At the end of the
contract, liability for the emissions goes backthe emitter (Pajot 2007). These
carbon credits may then be a temporary sourcewéri@ost credits for offsetting

emissions for emitters where the cost of directigucing emissions or purchasing
permanent carbon credits are too costly. For faresters in non-Annex | countries
it provides a temporary source of revenue from @aequestered in their forest.

The stock change approach is used in Kyoto Protdookx | countries, with carbon
credits attributed when carbon stocks increase,dafits paid when carbon stocks
decrease (Schlamadinger et al. 2002) (Figure 2. sIbck change approach is used
in the New Zealand emissions trading scheme fot-p®39 planted forests (MAF
2009) and the Permanent Forest Sink Initiative (V2OR1).

Figure 3: Carbon Sequestration Curve (blue),@mohulative Carbon Credits
Accrued and Paid (red) per Hectare of SouthernrgdbRine Forest
Managed on a Forty Year Rotation under the StocknGé Approach
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The baseline for forest carbon accounting is atgoortant. If the initial carbon stock

of a standing forest is grandfathered out, this emult in a substantial surplus of
credits over debits in the initial decades. Thishewn in Figure 4 for a forest of

Southern natural pine with an equal area in ea&h dgss. Credits accrue for a
growth increment in every age class. In the fiestignd though, there are no debits,
since all of the carbon in the harvested timbegrendfathered out. In subsequent
periods, an increased fraction of the carbon aasmtwith harvests is accounted for,
until the credits and debits balance in each pefied as one complete rotation is
subject to the scheme. The cumulative surplusexdits over debits is reduced again

if stands are not replanted.




Figure 4: Carbon Credits (Sequestration) andt®¢Bmissions) Over a Ninety
Year Period for a Southern Natural Pine ForesttEdtanaged on a
Forty Year Rotation With Equal Areas in Each Agas3l
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Economics of Forest Carbon with the Stock Change Approach

For a given rotation length and discount rdetlie PV of carbon credits and debits
both increase with the rate of rise of the reabeoarprice ¥). Initially, the carbon
NPV initially rises with y. Assuming carbon neutrality over the rotation, the
carbon NPV should reach a maximum at a point 0<y< 6 then fall to become
negative for y>6. If credits are earned for carbon storage in HWPsethagially
offset debits at harvest. Consequently the carbBN Nurve is shifted upwards and
the point at which the carbon NPV is zero shifthtward. The case in whigh=§ is

of particular interest, as if emissions are constrained, but unlimited banking and
borrowing are allowed, the carbon price should increase at the discount rate.
Below, we model a scheme in which in the long run, y=0. This choice is
arbitrary and probably less realistic in the long run than a value of y closer to 8.
However, we make it for reasons of technical simplicity and to provide an
interesting case in which there are strong incentives to store carbon in
production forests.



Figure 5: Present Value per Hectare of Carbadi®y and Debits over a Single
Forty Year Rotation of Southern Natural Pine (US)W8% Discount
Rate
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For a constant real carbon price, figure 4 showespitesent value (PV) of revenue
from logs harvested (purple line), which peaks atba 30 year rotation, and then
declines due to the effect of discounting. To datee the economically optimal

rotation length for timber production, the PV oapling, management and logging
costs (not shown in the figure) must also be carsidl Figure 4 also shows for the
stock change accounting approach, the PV of cacbedits for forest growth (blue

line), debits at harvest (red line) and the canbetpresent value (NPV) for the stand
(green line). This applies to new plantings andxisting forests with grandfathering
of initial carbon stocks, as explained above.

The PV of carbon credits increases with rotationgtl, but the rate of increase slows
due to the combined effect of the incremental carbequestered becoming smaller
in older stands (Figure 2) and the effect of distimg future revenues. The PV of
carbon debits initially becomes larger (more ne@ati but then becomes smaller
beyond a 30 year rotation, due to the combinedteffediscounting the debit over a

longer period and the carbon liability at harvestréasing in successively smaller
increments (Figure 2). The overall effect is thea tarbon NPV rises with rotation

length and becomes an increasingly large sharetaf PV revenues (black line,

right-hand axis).



Figure 6: Present Value per Hectare of TimbarpGn Credits, Debits and Carbon
Over a Single Rotation of Different Lengths of Swrh Natural Pine
(US) With 5% Discount Rate and Constant Real Cafrice
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SIMULATIONS FOR A US ETS INCLUDING FORESTRY

Baseline and Policy Scenarios

To show how the CIIMAT-DGE model may be used tolgs®@the dynamic general
equilibrium effects of policies affecting forestsida forestry, we simulate the
introduction of a measure to include forestry witlda hypothetical US emissions
trading scheme (ETS). We compare the impacts efghblicy against a baseline in
which the US implements an ETS to make a once-@% 2eduction relative to its
business-as-usual emissions (i.e. emissions ar2Z0@atimmediately, but then rise at
the same rate as before). In the baseline, this &Mers all CQ emissions and
industrial emissions of non-GAsHGs. We assume that agricultural £L&hd NO
emissions are exempted, therefore the baseline wiaeswvolve large impacts on
either agriculture or forestry compared to busiresasual.

In both baseline and policy simulations we incl@nce-off 20% reduction of
emissions in the ROECD region, also achieved uamd@TS that does not include
agriculture or forestry and separate from the Uses® (i.e. without international
emissions trading). No limits are imposed on enissiof the RoW region. As our
concern here is only with thedditional impacts of the forestry measure in the US,
the baseline is not designed to be realistic, butoes have two useful features.
Firstly and most importantly, it allows us to embe US forest sector within a



large ETS that creates a demand for carbon cr&itsondly, simulating an ETS for
the ROECD region avoids having emissions leakagm fthe US to the ROECD
region, which includes many countries that have aod seem likely to have in the
future more stringent climate policies than the US.

In the policy scenario — US ETS including forestrforest owners receive credits for
5-yearly incremental carbon sequestered in thakests, but must also surrender
credits associated with logs harvested; the stbeinge approach. Carbon initially
stored in forests is grandfathered. We considey ¢imé carbon content of living
trees, ignoring entirely potential changes in otfgest carbon pools. We assume
that a third of potential forestry carbon creditsl aebits are bought and sold in the
carbon market, while the remaining two-thirds areavailable due to non-
participation and/or forest owners retaining crediit offset their harvest liabilities.

In the US and ROECD regions we model a single fdsgee with an initial harvest
age of sixty years. Since we have not yet impleste@in explicit representation of
deforestation, we model forestry in the RoW redi&e agriculture; using land to
produce logs within a single period. This permitsriediate conversion of forest to
agricultural land in those regions.

I mpacts on the US Forest Sector, Agricultural Sectorsand Carbon
Price

In the baseline, the US carbon price begins at sti$@7/t CG-e and falls (in
constant dollar terms), but soon reaches an equiiblevel of $22/t C@e. The
higher initial price is due to the initial lock-gffect of sector-specific capital stocks.
As explained in the discussion of forestry undeagbon stock change scheme, this
significant (albeit not high) and more-or-less dans real carbon price provides a
strong incentive to increase forest plantings it shlonger rotations.

The direct impact of including forestry in the US & is an immediate increase in
planting and the area of forestland increases mpstl 50% within the first five-year
period (Figure 7). Over time, this wave of new pilagp works its way through the
forest age structure, but it is not until year Battoutput begins to increase (Figure
8). Output rises rapidly from 55 to 75 years thesvas slowly to a new equilibrium
growth path 27% above the baseline. The increatméstland reflects both a higher
level of output and an increased rotation lengththVe longer rotation, yield per
harvested hectare increases, but yield per heofaferestland per annum falls. A
second and less intuitive effect of the increasethtion length is a decline in
productivity at harvest. This results from our im of baseline forestland
productivity increases to the date of planting aterotation. In reality, productivity
increases in the forestry sector are associatddwaitious stages from planting (e.g.
genetic improvements), to management (e.g. hedsgido harvest (e.g. improved
machinery). Logging and log transport technologies also linked to technologies
used in timber, chip and pulp mills. In its curreiotm, our model therefore
overstates this vintage effect on forest produistivi



Figure 7: Productivity-Adjusted Relative Areaslfs Forestland by Age-Class
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The increase in forest land comes at the expend®othf crop and grazing lands
(Table 1), although the decrease in each of thes® lises is very modest. Note that
the percentages in the table refer to baseline vahges and not to actual land areas.
The average price of forestland is relatively lowaan that of cropping or pastoral
land, hence shares for forestry are lower in teofmgalue than in terms of absolute

area.



Table 1: Long Run Percentage Changes in Sharearaf Use in the US (by
Baseline Land Value)

Baseline %  Policy % Difference % % Change of

Effective Area for
the Sector
Cropping 79.8% 78.4% -1.35% -1.7%
Livestock 17.2% 17.0% -0.19% -1.1%
Forestry 3.1% 4.6% 1.55% 50.1%

*Percentages in this column do not sum to 100%tdueunding

Newly planted forestland yields an increasinglyg&arsupply of credits as these
forests grow, thereby lowering the carbon price$By75/tCQ-e after 30 years. As
these forests begin to be harvested, the net swbphedits is reduced, but it remains
positive and lowers the carbon price by $1.704€0n the long run.

Other Sectoral Impactsand International Emissions L eakage

Table 2 shows how inclusion of forestry in the UBSEaffects output in all sectors
and regions in the long run. We see that the largease in output of US forestry is
accompanied by some reductions in output of therdtho regions. US cropping and
livestock output decreases, but significantly kbss proportionally to the reductions
in area shown in Table 1, implying land use inticesion in both these sectors.
Again we see opposing although much smaller chaingié® other two regions. Due
to the slightly lower US carbon price, the impaatshe US ETS on US emissions-
intensive production and US demand for domestic iamgorted fossil fuels are

reduced by the inclusion of forestry. Output ofsthesectors is therefore slightly
higher. The increased supply of timber in the USioes the US log price, benefiting
the US HWP sector (as it can source cheaper inpuksle output of this sector falls

slightly in the other regiors.

' It should be noted that the increased output résfily does not require an increase in HWP output
of the same proportion in the model. Firstly, anffigant fraction of forestry output is consumed by
sectors other than HWP. Secondly, substitutionipiisies in the HWP sector allow that a cheaper
feedstock will result in substitution away from ethnputs. In physical terms, this may correspand t
production of a higher volume but lesser qualitywobd and paper products and increased production
waste.



Table 2: Long-run Impacts on Sectoral output

us ROECD Row
Cropping -0.9% 0.3% 0.0%
Livestock -0.2% 0.1% 0.0%
Forestry 26.6% -2.6% -0.1%
Coal 1.1% 0.0% 0.0%
Oil 0.4% 0.1% 0.1%
Gas 0.8% 0.3% 0.1%
Refining 0.7% 0.0% 0.0%
Electricity 0.5% 0.0% 0.0%
Food 0.0% 0.0% 0.0%
HWPs 0.8% -0.1% -0.2%
EMT* 0.4% 0.0% 0.0%
NEM** 0.1% 0.0% 0.0%
Services 0.0% 0.0% 0.0%

*Energy intensive manufacturing & transport
** Non-energy-intensive manufacturing

Total net US emissions are capped therefore thieypmdsults in 100% leakage to
other sectors in the US. The benefit of includiogestry in the ETS is primarily to
lower mitigation costs, as indicated by the redurctin the carbon price. Since
ROECD emissions are also capped, there can be nssiens leakage at the
aggregate level from the US to the ROECD. HoweRelV emissions are uncapped,
and there may be emissions leakage from the USthyireor indirectly via the
ROECD. Considering RoW emissions excluding thosenfland use change and
forestry, our results show no significant changesggregate emissions. Note that
we have not modelled emissions from deforestatiothe RoW region, but, given
that RoW forestry output decreases slightly, we d@adguce that the US policy does
not cause emissions leakage to the RoW region.

CONCLUSIONSAND FUTURE RESEARCH

We have developed and demonstrated the integratibattom-up representations of
planted or naturally regenerating production faresithin a top-down intertemporal
GE framework. Using multiperiod production functsorand complementarity
conditions, we can account for the optimal intgnsit planting, management and
harvesting and the optimal harvest age for ageststred forests. A comparable
bottom-up treatment of timber production from amelcance of primary forests is
the subject of ongoing research. These dynamieseptations of forestry will allow
for more robust assessments of policies such asestimnGHG emissions trading
schemes or reducing emissions from degradationdefatestation Plus (REDD) in
developed and developing countries.



An illustrative scenario using a four-region versif our CliIMAT-DGE model with
bottom-up forestry showed the effects of includiogestry in a hypothetical US
ETS. In the rather favourable context for forestfya nearly constant real carbon
price, our results showed a significant expansiofor@stland and output in the US,
and changes in the age structure of the foresteestad harvest ages over many
decades. While flow-on effects to other sectors @gions in our simulations were
quite small, larger effects could be expected folicges affecting a larger part of
global forest production or in regions where fongstccounts for a larger share of
economic activity.

Computational considerations limit the number gfioas and the level of bottom-up
detail achievable through direct bottom-up integrat However, larger models
should be solvable with the aid of decompositiashteques, which allow tight and
theoretically consistent linking of a top-down mbdaéth bottom-up sub-models.
This is another focus of our own-going research.
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