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* Much of the analysis on climate change in Australia has focused on the
costs of mitigation policies. Analysis of the benefits of these policies
in terms of reduced climate change impacts has been limited. The
currently available analytical tools have a limited capacity to estimate
both the economic impacts of climate change and the potential to
reduce likely economic damages through either mitigation or
adaptation.

= abarein collaboration with CSIRO has developed a preliminary version
of a ‘global integrated assessment model’ (GIAM) to fill this gap in
analytical capacity. GIAM allows feedbacks and interactions between
climate and economic systems and has the capacity to provide detailed
information about the physical and economicimpacts of climate
change.

* Development of this analytical capacity is particularly relevant as
Australiaand many other countries are moving or planning to move
toward policy measures designed to address the impacts of climate
change, including emissions trading schemes and adaptation meas-
ures.

* Using GIAM, anillustrative long run ‘reference case’(to 2100) of global
andregional economic activity with climate change impacts, in the
absence of mitigation and planned adaptation measures, is developed.

* Itisimportant to recognise the preliminary and illustrative nature of
the analysis reported here. Additional work is needed to understand
better the extent of climate change impacts and to furtherimprove the
analysis.

Anunderstanding of the potential costs and benefits of alternative policy
approachesisneededinorder to developanappropriate response tothe
economic and environmental challenges presented by climate change. In
Australia, much of the analysis of climate change has tended to focus on
the costs of mitigation policies, rather than also considering the benefits of
these policiesin terms of reduced climate change impacts. This is primarily
because the analytical tools to estimate both the economic impacts of
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climate change and the potential to reduce any likely economic damages
through either mitigation or adaptation have beenunderdeveloped. This

is particularly the case with the representation of Australiain currently avail-
able analytical frameworks.

integrated assessment models

To overcome these limitations, abare and CSIRO (Commonwealth Scientific
and Industrial Research Organisation) are currently developing Australia’s
firstintegrated assessment model —named the ‘global integrated assess-
ment model” (GIAM) — which will allow both the costs and benefits of
climate change policy approaches to be assessed. In this article,a prelimi-
nary version of the core of GIAM — the economicand climate modules — is
describedandalongtermillustrative ‘reference case’ or ‘businessas usual’
scenariothatincorporates estimated climate change damages is developed.

The development of areference case thatincorporates climate change
damages is fundamental forassessing the costs and benefits of alternative
policiesas policy optionsare generally compared against areference case.

The development of an Australian focusedintegrated assessment model

is now particularly relevant as Australiaand many other countries are
moving or planning to move toward potentially significant policy meas-
ures designed to deal with the impacts of climate change. Such measures
include emissions trading schemes, carbon taxes, research and develop-
ment schemes to encourage energy efficient cleaner technologies, sectoral
technology standards and adaptation.

This analysis extends previous abare efforts (abare 2006; Pantand Cao
20053,b,2006; Pant et al.2005) by incorporating CSIRO’s Mk3L coupled
atmosphere-seaice-ocean general circulation modeland accounting for
regional changes intemperature.

what are integrated assessment models?

One of the principal tools used in developing responses to environmental
science, technology and policy problems like climate change is the inte-
grated assessment model (IAM). Integrated assessment models usedin
climate change policy analysis are multiple equation, computer simulated
models (Weitzman 2007) that capture the climate change cause and effect
chain byincorporating the feedbacks between dynamic economic and
scientific systems. Such models usually comprise many submodels adopted
fromawide range of disciplines so that the impacts of climate change and
therelevantresponsestoit canbe analysed. Foradiscussion of the full
range of IAMapproaches, see Schneider (1997). Most integrated assessment
models that have been developed so far concentrate on the economic cost-
benefitanalysis of climate change and GIAM falls into this class. In the rest of
thisarticle, therefore, references to integrated assessment models refer to
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models of this type. It should be borne in mind that other approaches that
attempt to balance othervaluesalso contribute to climate change response
policy formation. Acomprehensive integrated assessment model would
incorporate the full climate change cause and effect chain, with information
onthe feedbacks betweenthe socioeconomicdrivers of greenhouse gas
emissions,atmospheric greenhouse gas concentrations, climate forcing,
climate change and the impacts of these changes on economic activity,
ecosystems, food production, water supply, the environment and other
aspects of socioeconomic systems (van der Sluijs 1996).

Atpresentthereareanumber of IAMs being used by analystsaround

the world. These include DICE/RICE, MERGE, PAGE, FUND, WIAGEM and
MiniCAM (van der Sluijs1996). However,none of these models explicitly or
adequately represent Australia.

what are integrated assessment models used for?

Integrated assessment models provide insightsinto the potential economic
and environmentalimpacts of climate change as wellasadaptation and miti-
gationresponsesatthe regionaland globallevel. Information generated with
these models can be used by policy makers either to evaluate certain policy
options more effectively (policy evaluation models) or to identify optimal
policyapproaches (policy optimisation models), given the current under-
standing of the uncertainties surrounding the underlying drivers of green-
house gas emissions and the likely impacts of climate change and adaptation
and mitigation responses. Anillustrative discussion on assessing the costsand
benefits of alternative climate change mitigation policies is presented in box 1.

Oncefully developedthe GIAM framework could be used as eithera policy
evaluation or policy optimisation tool. For example, the net physical,
ecologicaland socioeconomic impacts of alternative policies, suchas
implementinga given carbon penalty or restricting emissions to achieve
specified concentration levels, can be assessed at the economywide level.
Alternative and efficient climate change response policy approaches that
optimise the estimated value of key policy control variables (for example,
carbon penalties, emission reductions) to achieve given policy goals (for
example, welfare maximisation or minimal cost mitigation) canalso be iden-
tified usingintegrated assessment models (Weyant 2003).

Some of the key policy questions that canbe analysed usinga comprehen-
siveintegrated assessment modelinclude:

* whatarethe potentialimpacts and economic costs and benefits of:
- climate change?
- mitigationresponses?
- adaptationresponses?

* whatisthe optimal level of mitigationand adaptation?
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illustrative representation of
economic output withand
without climate change impacts
and mitigation responses

global economic output

time

— reference case without impacts

— mmgat\on scenario
reference case with impacts

* whatisthe least cost way of achieving a given emission limit?
* whatisthe optimal timing of mitigation and adaptation action?

* howmuchdoessociety stand to lose or gain by delayingaction on
climate change?

* doesacertain policy response conflict with other policies or with other
societal functionsand needs? For example, how much pressure will
increasing the amount of energy sourced from biomass crops place on
food orfodder production?

challenges in developing and using integrated assessment models

These models represent complexsocioeconomic and biophysical climate
systemsand theirinteractions. Considerable uncertainties remain about virtu-
allyevery relationship in the climate change cause and effect chain (Weyant
2003).However,arange of insights into the potential netimpacts of alterna-
tive climate change response policy approaches canstill be gathered using

box1  benefit-costanalysis of policies to reduce greenhouse
gas emissions

In order to achieve an economically efficient response to any environ-
mental externality such as climate change, the present value or discounted
future streams of the net benefits of the mitigation policy (after adapta-
tion) —thatis, the benefits of reduced climate change damages less the
economywide costs of the policy — should be maximised.

Inthe diagram, this concept is presented graphically usinganillustrative
case. Thereference case withoutimpactsline representsa ‘best guess’ of
the future pathway of global economic output without incorporating the
potentialimpacts of climate change. In contrast, the reference case with
impacts line gives insights into the future pathway of global economic
outputif noaction is taken to mitigate climate change damages. A limited
amount of autonomous adaptation to climate change isassumed to be
incorporatedinto this pathway. Conceptually the area between these
two lines —the shaded area —is the economic damages (in net present
value terms) associated with climate change in the reference case without
impacts scenario.

The mitigation scenario lineis a ‘best guess’ of the pathway of global
economic output afteraccounting for the costs of mitigation and the net
reduction in climate change damages (after accounting forautonomous
and planned adaptation).

The pathway of global economic output under the mitigation scenario
diverges fromthe reference case withimpacts scenarioimmediately as
action to mitigate emissions imposes costs on the globaleconomy —for
example, through the uptake of more expensive lower emission technologies.
However, over time, as the (growing) costs of climate change in the reference
casewithimpacts scenarioare reduced, the rate of yearly economic growth
inthe mitigation scenario exceeds thatin the reference case with impacts
continued...
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these models, based on the bestinformation thatis currently available and on
plausible assumptions.

Alternatively a range of options, including sensitivity analysis and statis-
tical methods, are available that either allow the importance of different
assumptionsinthe models to be tested or that probabilisticallyaccount for
uncertainties (Kannand Weyant 2000; Kelly and Kolstad 1998; van der Sluijs
1996).1n GIAM, the underlying model assumptions,and parameter values
are based onthe bestavailable understanding of the drivers of various
economicandscientific relationships. Furthermore, in GIAM, uncertainty
relatingto key economicand climate variables can be analysed through
scenarioand sensitivity analysis.

GIAM framework

abare has beendevelopingits Australian focused integrated assessment
modelling capacity over several years. Since 2007, abare has been working

box1  benefit-costanalysis of policies to reduce greenhouse
gasemissions continued

scenario until eventually total yearly economic output in the mitigation
scenario exceeds that in the reference case with impacts scenario.

Underan economically efficient mitigation policy the discounted stream
of benefits of that policy should exceed the costs. That is, the net present
value of area A should exceed the net present value of area Bin the diagram.
The optimal global climate change response policy is that which maximises
the difference betweenarea Aand B. Integrated assessment models are
particularly useful for calculating these economic outcomes as they can
account forboth reductions in damages and the cost of climate change
response policies. Adaptation policies must also playarole inany economi-
cally efficient response to climate change.

Thereareagreat number of complexitiesin calculating the net benefit
and cost streams over time under different scenarios usingan integrated
assessment model. For example, there are uncertainties over the long
termrelating to the reference case economic growth path, climate change
impacts, reductionin damages (both market and nonmarket) asaresult of
mitigationand the actual costs of mitigation policies.

The choice of discount rate used when comparing costs and benefits of
alternative policy approachesisalso veryimportant, particularly when
undertakinganalysis of long termissues such as climate change. The
choice of alowerdiscount rate, suchas usedin Stern (2006) (primarily to
account forintergenerational equity),increases the relative importance
of climate change damages occurring into the distant future, relative to
higher discount rates. The discount rate willalso influence the optimallevel
of adaptationand mitigation responses. For example, if some adaptation
measures yield net benefits more rapidly than mitigation then these will be
favoured under higher discount rates.
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collaboratively with CSIRO to develop a preliminary ‘proof of concept’
integratedassessment model.abare and CSIRO have developeda prelimi-
nary version of GIAM (using best available data, information and plausible
assumptions) that incorporates economic and climate modules that allow
for the determination of long run economic activity and greenhouse gas
emissions and the resulting regional temperature increases. The modules
arethensolvediteratively to determine the resultingimpacts of climate
change on economic activity and greenhouse gas emissions.

economic module

The economic module of GIAMisalongrunversion of abare’s global trade
and environment model (GTEM), which isa multiregional and multisec-
toral general equilibrium model of the globaleconomy (Pant 2007). The
economic module allows projections of the major human induced factors
influencing climatic conditions (such as greenhouse gas emissions) to

be developedafteraccountingfor regionaland global productionand
consumption decisionsand international trade.

In essence the economic module of GIAM represents, inastylised fashion,
theinteractions between ‘agents’inamulticountry, multi-industry and
dynamic world economy in which peoplelivingin each region produce,
trade and consume goods and servicesacross countriesand regions. The
‘agents’ of the modelare assumed to be economic optimisers: given their
resources and preferences they maximise benefitsand minimise costs over
goodsand servicesinagiven time period. Toimprove their welfare they
innovate, invest, change technologies and use natural resources, labour
and other human produced tools (capital) efficiently, subject to national
and international policy constraintsand the natural environments that they
face. Thesehumanactivities produce greenhouse gas emissions subject
tothetechnologies in use at the time. These emissions may cause climatic
changes capable of altering the environment, ecosystems, economic activi-
tiesand human welfare.

The economic module of GIAM currently allows for analysisacross nine
regions, 28 commaodities, four primary factors and sixgreenhouse gas emis-
sions (table ).

representation of energy technologies

The developmentand deployment of low emission energy technologies is
key to the successful mitigation of greenhouse gas emissions and the main-
tenance of regionaland global economic growth over time.

Given that electricity accounts forabout 30 per cent of global anthropo-

genic (humaninduced) greenhouse gas emissions, low emission technolo-
giesinthissector will be particularlyimportant. The economic module of
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GIAMincorporates cost and emissions characteristics of fourteen elec-
tricity generation technologies, which include six conventional technolo-
gies (brown coal, steaming coal, oil, gas, nuclear and hydroelectricity), five
embryonic renewable energy sources (waste, biomass, solar, wind and
otherrenewables),and carbon capture and storage technologies applied to
brown coal, steaming coaland gas fired power generation. The economic
module of GIAM also accounts for potential cost declines throughlearning
by doing for specified emerging technologies and regional capacity
constraints for other technologies, such as hydroelectricity and biomass
and waste.

climate module

The climate module of GIAM provides the link between human induced green-
house gas emissionsand changesin regional climate, suchas temperature.

‘I regional, commodity, primary factor and greenhouse
gas emissions coverage in GIAM

primary greenhouse
regions commodities factors gases
united states brown coal capital carbon dioxide
europeanunion2s cokingcoal land methane
china steaming coal labor nitrous oxide
russian federation ol natural hydroflurocarbons
india gas resources  perflurocarbons
japan petroleumand coal products sulfur hexafluoride
south korea electricity
australia biofuels
rest of world ironand steel

nonferrous metals
chemicals, rubber and plastics
other minerals
uraniumore

uranium enrichment
bauxite

alumina

primary aluminium
nonmetallic minerals
manufacturing
othertransport
water transport

air transport
livestock

crops
forestry and fishing
food

services

wood, pulpand paper
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calculation of atmospheric greenhouse gas concentrations
A‘5-box’model of the carbon cycle (based on Maier-Reimer and Hasselman
1987) is used to determine the atmospheric concentration of greenhouse
gases over time. This module uses the projected emissions (of carbon
dioxide, methane and nitrous oxide) from the economic module of GIAM to
update atmospheric stocks of these greenhouse gases each yearand then
to calculate theiratmospheric concentrations.

The only anthropogenic greenhouse gas explicitly treated by Mk3L is carbon
dioxide. The greenhouse gas concentrations calculated by the box model
therefore needto be converted into equivalent concentrations of carbon
dioxide (CO -eq). Asimple approach (as used by IPCC 2001) is used to derive
the CO -eqvalues, based on the respective impacts of each greenhouse gas
onthe global radiation balance.

calculation of regional changes in long term temperatures -

the csiro mk3L climate system model

In order to calculate regional changesinlong term temperatures, the CSIRO
Mk3L climate system model (Phipps 2006) is used. Thisis a low resolution,
computationally efficient climate model. Itincludes three-dimensional
representations of the motions of the atmosphere and ocean and, there-
fore, fallsinto the category of models known as general circulation models.
(McGuffieand Henderson-Sellers 1997).

Theatmospheric component contains descriptions of atmospheric trans-
port, radiative exchange, convectionand clouds. The radiation calculations
treatlongwave and shortwave radiation separately,andinclude the effects
of carbon dioxide, ozone, water vapourand clouds. The quantities thatare
predicted include temperature, humidity, precipitation, evaporation, wind
speed, cloud coverand the radiative fluxes.

Aland surface modelisalsoincluded. Thisallows for thirteen different
surface andvegetation types,and nine different soil types; however, these
propertiesare predetermined,andare therefore static. The model predicts
the temperature and liquid water andice contents of each of sixsoil layers,
andalso the temperature and thickness of each of three snow layers. The
rate of surface runoffis calculated, with the runoffassumed to travel instan-
taneously tothe oceanviathe path of steepest descent.

The oceanic component predicts quantities thatinclude temperature,

salinity and oceanic currents. A sea ice modelis included, which contains
descriptions of ice dynamics and thermodynamics.

202 australiancommodities « vol15n0.1 « march quarter



GIAM

Mk3L divides the Earth’s surface intoa 64 x 56 horizontal grid, with the
average dimension of each gridbox being approximately 380 kilometres.
There are eighteen vertical levels inthe atmosphere,and twenty-onein
the ocean. This comparatively low resolution enables the components to
be integrated using timesteps of 20 minutes for the atmosphere,and 60
minutes for the ocean. A100-year simulation can be completedinaround
five days onatypical high performance computing facility.

Forthe simulations presented here, Mk3L is runasan ensemble consisting
of three independent realisations. While the physicsisidentical for each
member of this ensemble, slightly differing initial conditions are used. The
‘climate’ of the ensembleis derived by calculating the mean state across
each member.

translating regional temperature changes into regional economic
impacts

Climate change is expected to be associated with a wide range of impacts
oneconomicand environmental systems. For example, climate change
isexpected to have animpact on human health; labour productivity;
demand for,and production of,a range of goods and services; agriculture;
ecosystemsand environmental services. In GIAM, to estimate the potential
economic damages associated with climate changes, astylised damage
functionisimplemented in the economic module. The damage function
estimatesand translates regional changes in temperature through time to
changesinfactor productivity at the economywide levelin each country or
region of GIAM.

Regional climate change damages are assumed to be afunction of regional
changesinaverage temperature (relative to 2000),and the vulnerability of
aregionto potential climate change. Vulnerability of aregional economy

is expressed interms of differences in gross domestic product (GDP) per
personrelative toabenchmark economy (the United States) and aims to
capture the notion that the relative economic impacts of climate change for
agiven change intemperature will be higherin developing countries thanin
more developed economies.

The damage function used in GIAM allows economic damages (both market
and nonmarket) toincrease gradually for small changes in temperature
beforeincreasing more rapidly until the catastrophic temperature is
reached (box2). The damage functionalso allows fora catastrophic reduc-
tioninall economicactivity beyondaspecified temperature.
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box2  astylised climate change damage assessment function
in GIAM

The damage function usedin GIAM is derived from the willingness to pay
forthe avoidance of climate change induced nonmarket damages function
usedintheintegrated assessment model, MERGE (modelfor evaluating
the regionaland global effects of greenhouse reduction policies) (Manne
andRichels 2004).1n GIAM, although nonmarket damages are not explicitly
modelledtheyare recognised by assuming that loss of nonmarket environ-
mental entities would also contribute toward areductionin factor supplies
and/or factor productivity.

The damage function usedin GIAM is specified as:

O p (=) FIMATO/QPITiflAATI<Q
! 0 if AAT |2 Q

where:

- A _(t)istheregionspecific climate change induced economic loss
factor (ELF) inyeart

- AAT(t) isthe region specific average surface temperature change in
yeartfromthe reference year (2000)

- Q isthe catastrophic change inaverage surface temperature from the
reference year (2000) at which economicactivity is reduced to zero

-0 and ur(t) are parameters to measure the severity of damage fora
given temperature change.

Based on the parameterisation in MERGE, € is currently specified to be 17
degrees Celsiusand dissetat 2. Thisimplies that if the actual temperature
rises by 17°Cabove the reference year (2000) level,economic activity is
reducedtozero. Foralltemperature increases below that number, the loss
ineconomicactivity asaresult of climate change depends on the value of
0. Alargervalue of & implies higherresilience and that economicactivity
will drop significantly only near the catastrophic value of the temperature
change.
The time variant parameter u_(t) issetequal to 2 forall time only for the
reference (orthe richest) region whichisassumed here to be the United
States. For otherregions, u_(t)isfurther defined as below to capture
the vulnerability of a given country/region to climate change by linking the
region’s real per person income to that of the reference region as:
@ u (t)=0,+0, 11, /1]
where

= ; is the reference region’s per person realincome;
re

— | isthe per person real income of the country/region r considered in
r 5

commensurable units

- Osareadjustable parameters to measure the effect of difference in real

income affecting the vulnerability to temperature changes. continued..
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box2  astylised climate change damage assessment function
in GIAM continued

Inthe currentanalysis (following MERGE), it is assumed that: o, =1ando =1
The vulnerability of regions to climate change is measuredrelative to that
of the United States. It follows that M,(f =0 foreachregionras | >/
The regionspecific economicloss factor, A_(t),in GIAM s currently
linked toanindex of total factor productivity in the economic module. The
difference between unity and the value of Af (t) attimetindicatesthe
lossin productive capacity of primary factors in the region. This can also
beviewedaslossesinfactorsuppliesaswell oracombination of both the
lossesin factor productivity and factor supplies.

Inthe currentimplementation of GIAM, arise in average temperature
means aloss in economic wellbeing through a decline in factor productivity
acrossall sectorsinaregion. A positive value of O inequation 2 means
that the losses are higher for poorer regions than for richer regions.

choice of parameterisation and functional form

The functional formand the parameterisation of the damage function will
heavily influence the resulting economic damages from climate change as
projected by GIAM. There is currently a high degree of both economicand
scientific uncertainty and limited quantitative estimates about the nature
and magnitude of long term climate change impacts across countries
andsectors. As more information becomes available about the potential
market and nonmarket economicimpacts of climate change, substitut-
ability of ecosystem services, ability to adapt and any threshold impacts,
both the functionalformand parameterisation of the damage function
canberevised. The current functional formand parameterisation of the
damage functionin GIAM is derived from the best available informationin

rent liter . . -, :
the currentliterature estimates of australia’s loss in total

The shape of the damage functionaims to represent the notion that the factor productivity for different values
growthinthe relative economic damages from climate change will gener- of the catastrophic temperature
allyincrease atagreater rate as temperature increases until the cata- illustrative example

strophic temperature is reached. This functional form is consistent with
much of theliterature on damage functions and with those currently being
employedinintegrated assessment models.

=

The parameterisation of the damage functionaims to represent the
current understandingabout climate change damages, the vulnerability of
economies to climate change and the catastrophic temperature at which
economic activity will fall to near zero.

~—
\

Inthe diagram opposite, the importance of key parameter values of the
damage function is demonstrated by changing €2 or the ‘catastrophic’
change inaverage surface temperature. For example, if € issetequalto
10°C,and assuming other relationships are unchanged, the loss in total

~
AN

lossintotalfactor productivity

20

factor productivity fora4°C change in temperature in Australiais esti- O I e R R
p Y 4 g p O 2 4 6 8 10 12 14 16
mated to be about 20 per cent,whereas when Q isassumed to equal 17°C, change intemperature relative to 2000,°c
theassociated lossis estimated to be about 7 per cent. — catastrophic change intemperature =10°¢

i = catastrophic change in temperature =17°c
continued...
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box2  astylised climate change damage assessment function
in GIAM continued

ongoing developments to the damage function

Anumber of developments are being considered to enhance the capability
of the damage function to project the economic damages from climate
change. First, both the functional formand parameterisation will be revised
as betterinformation becomes available on the nature and magnitude of
climate change damages. For example,in some regions, such as the Russian
Federation,smallincreasesintemperature arelikely to be associated with
positive economicimpacts (Mendelsohn etal. 1998; Nordhaus and Boyer
2000). Second, the damage function will also be extended to explicitly and
individually account for the economicimpacts associated with changes
insealeveland precipitation rather than aggregating these impacts as
afunction only of changesin temperature. Third, attempts will be made
toidentify theappropriate functional formand parameterisation of the
damage function forkey sectors in key regions.

illustrative application of the ‘proof of concept’
GIAM

To prove the concept of this coupled modelling frameworkand to demon-
strate theimportance of accounting for the feedbacks between economic
and climate systems, an illustrative reference case incorporating climate
change damages has been developed using GIAM. The reference caseisa
regional representation of the future of economic growth, productionand
consumptionandinternational trade afteraccounting for climate change
damages. No mitigation or planned adaptation measuresare assumed
totake place. The process of applying the ‘proof of concept’model is
describedinthe following text andinfigurea.

a schematic presentation of developinga reference case with
climate change impacts

p
5. Rerunthe reference 2. Using GHGs from
case with impacts > thereference case
scenario which now calculate the
incorporates the atmospheric
economic impacts of concentration of
climate change 1. Using the economic Eln CalEn s
module of GIAM - 5-boxmodule
ABARE’s GTEM - s )
developareference p
case without impacts ) i
4. Estimate climate scenario to 2100 3. Using the climate
change damages in the module’ofGIAM—
economic module CSIRO’s Mk3L -
calculate the regional
temperature changes
J to2100
\
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key steps in developing a reference case scenario with climate
change impacts

1 developareference case scenario of the world economy to 2100 without

climate change impacts using the economic module of GIAM - GTEM

2 usingtheresultant emissions pathway fromthe reference case, deter-
mine the stockand atmospheric concentration of greenhouse gases to
2100 using the 5-box carbon cycle module

3 calculatetheassociated changesin regional temperature to 2100 using
the climate module of GIAM - CSIRO’s Mk3L model

4 usethe damage functionin the economic module of GIAM-GTEM -to
determine the regional damages or proportionallossin regional factor

productivity that result from the projected changesinregional tempera-

tureto 2100

5 rerunthe economic module of GIAM to 2100 after incorporating climate

change damages asareduction in regional total factor productivity

— thiswill generate a new regional economic pathway or ‘reference case

withimpacts’scenario

6 repeatstepsitostoaccountforthe feedbacksinthe economicand
climate systems untilan appropriate level of convergence between
changesin globalmean temperature and changes in gross domestic
product (GDP) is reached. Appropriate statistical measures are used to
determine whether successive iterations of the model have converged.

Theresultingeconomic pathway after convergenceis the final reference

case with climate change impacts scenario.

developing a reference case without climate
change impacts

To estimate the potential economic impacts of climate change, arefer-
ence case withoutimpacts scenario of the global economic and emissions
pathwayto 2100 s first developed in which the impacts of climate change
are not considered. The emissions resulting from this scenario are used

to determine the atmospheric concentration of greenhouse gases; the
resulting change in regional temperatures and eventually the economic
impacts of climate change.

Thereference case withoutimpacts scenarioisan illustrative indicator
of potential changesin economic growth, population, industry growth,
productivity improvements, energy consumptionand greenhouse gas
emissions between 2001and 2100. The key drivers of energy consump-
tionand greenhouse gas emissions in the reference case without impacts

scenarioare population growth, economic growth and the uptake of energy
efficientandlower emissions technologies and energy sources. Changes in
thesekey determinants to 2100 are based on historical trends, best available
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b global population projections
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activity

average annual growthingdpin the
reference case without impacts scenario

2001 2050 2001
-2050 -2100 -2100
% % %

united states 2.6 1.9 23
europeanunion2s 1.7 1.5 1.6
china 5.3 3.6 4.5
russian federation 3.5 2.3 2.9
japan 15 1.2 13
india 5.8 3.9 4.8
australia 25 2.0 23
korea, rep. of 2.8 13 2.0
rest of world 3.8 33 35
world 3.0 2.8 2.9

information, expert opinion about changesin relevant variables through
timeandarange of underlying economic relationships.

population growth

Inthe reference case without impacts scenario, global population is
expectedtoincrease fromabout 6.2 billionin2001to about 8.7 billionin
2050. Global populationis expected to peakinabout 2070 as below replace-
ment rate fertility levels result in anaging and eventually declining popula-
tioninkey regions,including China.In general, populations are expected

to peak firstinthe more developedregions. By 2100, global populationis
projectedto beabout 8.6 billion.In Australia, populationis projected to
increase fromabout 19.4 millionin 2001to about 27.0 million in 2050 and
30.5millionin2100.

Infigure b,arange of global population projectionsin the literature,
including scenarios fromthe Intergovernmental Panel on Climate Change
Special Report on Emissions Scenarios (IPCC 2000),are presented. Popula-
tion projectionsin GIAMare well within the range presentedinthe literature.

economic growth

Growthineconomic outputin GIAMis determined by growth in labour
productivity and labour supply. GDP growth is expected to decline slowly
over the projection periodin most regions asaresult of declining popula-
tion growth rates, which occur because of decliningand below replacement
fertility ratesin many regions. In rapidly developing economies, productivity
growth perworker is also assumed to slowly decline over the projection
periodasincome per personinthese regions converge toward developed
economy levels. Despite flatand declining regional per worker productivity
assumptions over the longtermanda peak and decline in global population
levels, global GDP growthis projected to be relatively strongto 2100 (table 2).

energy consumption and changes in fuel mixes and technologies

Theamount of greenhouse gases produced inan economy isinfluenced
strongly by the level, type and emissions intensity of energy consumed
(aswellas by the production of fugitive emissions inagriculture, industry
etc). Globally, consumption of primary energy is expected to increase from
about 9.1 Gtoe (billion tonnes of oil equivalent) in2001to about 22.3 Gtoe
in2050and 42 Gtoe in 2100. Much of this growth is projected to be driven
by urbanisation in key developing economies. In Australia, consumption of
primary energy is expected to increase from about 105 Mtoe (million tonnes
of oilequivalent) in2001to about 181 Mtoe in 2050 and 237 Mtoe in 2100.

Arange of global energy consumption projectionsin the literature are

presentedin figure c. Energy consumption projections in GIAM are well
withinthe range presentedinthe literature.
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By 2100 the efficiency of energy consumption inindividual technologies
across the globaleconomy is projected to be wellabove 2001 levels, given
assumedimprovementsintechnology. These assumedimprovementsare
consistent with forecasts by the International Energy Agency, the US Energy
Information Administrationand various other literature and government
sourcestoabout2030.Beyond 2030, expert opinionis used to develop the
underlying technological development assumptions.

Thereisalso expectedto beasignificantincrease in renewable technolo-
giesinthelongrunastechnologicaladvances reduce the relative cost
andincrease the technical efficiency of these technologies. In table 3

the percentage contribution of different fuel types to primary energy
consumptioninthe GIAMreference case is presented.

greenhouse gas emissions

Global greenhouse gas emissions, excluding those from land use change and
forestry,are expectedtoincrease fromabout 35 Gt CO_-eq (billion tonnes
of carbon dioxide equivalent) in 2001 to about 81 Gt CO -eqin 2050 and 157
Gt CO -eqin2100.In Australia, greenhouse gas emissions, excluding those
fromland use change andforestry,are expected to increase from about 500
Mt CO,-eq (million tonnes of carbon dioxide equivalent) in 2001 to about
744 Mt CO -eqin 2050 and 907 Mt CO -eqin 2100.

Arange of global greenhouse gas emission projectionsinthe literature is
presentedin figure d. Emission projectionsin GIAMare at the higher range
of the estimatesinthe literature asaresult of stronger growth inkey sectors
suchastransport.

3 contribution of different fuel types to primary energy
consumption GIAM reference case withoutimpacts

2001 2020 2040 2060 2080 2100
% % % % % %
world
coal 26 29 26 24 24 25
oil 37 32 32 32 31 31
gas 26 28 28 27 26 24
nuclear 8 6 7 8 7 7
hydro 2 3 2 2 2 2
nonhydro renewables 1 3 4 9 12
australia
coal 46 44 40 36 30 26
oil 27 26 27 27 27 27
gas 25 27 28 27 26 24
nuclear o) ¢) o o ¢} ¢)
hydro 1 1 1 1 1 1
nonhydrorenewables o 2 4 e} 16 23
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Asdiscussed earlier,inthe GIAM reference case without impacts scenario
the atmospheric concentration of greenhouse gas emissions is projected
toincrease fromabout 411 ppm (parts per million) in 2001to about 1172
ppmin 2100 (figure ). The increase in the atmospheric concentration of
greenhouse gasesis expected to drive changesin regional temperature
suchthat by 2100 the average surface temperature in Australia is expected
toincrease byabout3.5degrees Celsiusin 2100 relative to 2000 levels. The
increase inaverage global surface (global land - only mean) temperature
isexpected to beabout 3.4 degrees Celsius at 2100, relative to 2000 levels
(figuref).

Theregional projectedincrease in temperatures in the reference case
withoutimpactsscenariois presented in table 4. Thereare noticeable differ-
ences between the temperature changes for the various geographic regions.
Anumber of physical mechanisms account for these differences. In particular,
theverylarge heat capacity of the oceans, relative to that of land, causes them
toactasaheatsink. The temperature changes over the oceanare therefore
smaller than those over land and,asa consequence, maritime regions experi-
encelesswarmingthan continental regions.

Othersignificant phenomenainclude ice-albedo and snow-albedo feed-
backsat high latitudes. The increased surface temperatures cause theice
and snow cover to retreat, exposing the darker land that lies beneath. This
absorbsagreater fraction of the incident solar radiation, amplifying the
originalwarming. In contrast, a steady reductionin the strength of the Gulf
Stream limits the magnitude of the warming over Europe. Itisimportant to
recognise that climate isintrinsically variable so that quasi-random varia-
tionsabout the underlyingwarming trend occur,asis clearinfiguref.

4 increase in average surface temperature, relative to
2000 reference case without impacts scenario

2020 2040 2060 2080 2100
°C °C °C °C °C
united states 0.9 1.2 23 26 33
european union 25 0.2 1.6 2.2 2.1 3.1
china 07 11 2.1 23 3.0
russian federation 0.4 1.5 1.7 2.4 3.9
india 0.8 0.9 2.0 2.8 3.7
japan 03 1.0 1.2 1.8 2.1
korea, rep. of 0.6 1.2 1.8 1.8 2.2
australia 05 0.7 1.4 2.1 35
rest of world 05 0.8 17 2.4 33
globalaverage
(land only - mean) 05 0.9 1.7 2.4 3.4
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developing a reference case with climate
change impacts

Inthis section the long term effects of incorporating the economicimpacts
of climate change on the globaland Australian economies are assessed.

long term climate change damages reduce economic growth

Theinclusion of climate change damages and the associated lossesin

total factor productivity acrossall sectors is projected to reduce potential
regionaland global economic growth pathways. As temperatures begin
toincrease over time and ecosystemand economic system thresholds are
reached, the economic impacts of climate change are expected toincrease
atafasterrate. The estimated indexes of economic output for the world
and Australiaareillustrated in the reference case with and without climate
changeimpactsscenariosinfigure g.Itisimportant to recognise the tenta-
tive and preliminary nature of these estimates. Hence, caution needs to be
exercisedininterpreting them.

Aclear divergence in economic potential is projected to occur fromabout
2050 as climate change impacts are expected to have a material effect on
regional economies. Globally, climate change damages are projected to
reduce economic output byabout 1.4 per centin 2050 and 1.4 per centin
2100, relative to the reference case without impacts scenario (see box 3 for
comparison with other estimates). Asaresult, global economic outputin
the reference case withoutimpacts scenariois estimated to grow by about
16.6 times over the period 2001-2100 compared with 14.1times in the refer-
ence case withimpacts scenario.

At 2050, Australia’s economic output is estimated to be reduced by about
0.6 per cent, relative to the reference case without impacts scenario, as
aresult of climate change damages. By 2100 the reductionin Australia’s
economic outputasaresult of climate change damages is estimated to
increase toabout 5.0 per cent, relative to the reference case without
impacts scenario. In 2100, Australia’s economic output is estimated to be
about 9.3times higherthanin2o001inthe reference case withoutimpacts
scenario. However,when climate change damages are included, economic
outputin2100is estimated to be reduced such thatitis 8.8 times higher in
2100 thanin2o001.

In Australia,economic outputisassumed to grow onaverage by about 2.3
percentayearinthe reference case without impacts scenario over the
period 2001-2100. A5 per cent reduction in economic output at 2100 as
aresult of climate change impacts reduces average growth in economic
output byabout 0.1 percentage points,to 2.2 per centayear. Itisimportant
torecognise that the impactsassociated with unmitigated climate change
willgrow over the long term with the potential for cumulative effectsand
stepwise changes.
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climate change damages tend to lower the emissions pathway

The economiclossesassociated with climate change damages are expected
to dampen economy wide demand for goods and services. Asaresult green-
house gas emissions (which are associated with the production of goods
andservices throughout the economy) are projected to be lower when
climate change damages are accounted for (figure h).

box3  otherestimates of the economicimpacts of climate
change

There are few studiesin the literature that have estimated the economy-
wide economicimpacts of climate change. Most of these estimates focus
on the economic costs of climate change fora 2.5°C temperature increase
andvary widely onaregional and global basis. Estimatesin the literature
of the global cost of a2.5°C temperature increase range fromabout a1 per
centincrease in global economic outputtoa2 per cent decline, relative
towhat would otherwise be (Mendelsohn et al. 1998; Nordhaus and Boyer
2000; Pearce etal. 1996; Stern 2006). Estimates from GIAM currently
projectadecline of about 6 per centin global economic outputinresponse
toa25°Ctemperature increase, relative to the reference case without
impactsscenario.

Itisimportant to recognise that estimates presented in the literature
were generated using differentintegrated assessment models and remain
highly speculative givenlong run uncertainties in the underlying drivers of
climate change and climate change impacts represented in the analytical
tools. Results differ markedly between studies asaresult of differences
inassumptions about emission levels,adaptation and the inclusion of
nonmarket, market and potentially catastrophicimpacts (Tol 2005).
However, they provide indications of the potential differencesin climate
change related impacts based on the best available understanding, data,
informationand plausible assumptions.

The relatively higher economic damages projected by GIAM are driven

by two main factors:first, the current specification of the GIAM damage
function does not allow economic benefits from small changesin climate
that may occurin countries such as the Russian Federation and the United
States (Mendelsohnetal.1998; Nordhaus and Boyer 2000) and second,
plannedadaptationin response to climate change damages are not
currently taken into account. Both of these factors will be incorporated
into GIAM in the future.

Widely quoted estimates of the economicimpacts of climate change
reportedin Stern (2006) of a‘nowand forever’ reduction in global GDP of
5-20 per centare based on estimates of the net present value of potential
climate change impacts into the verylongterm (beyond 2200) and for
atemperature increase wellin excess of 2.5°C. Such estimates are not
directly comparable with those presented earlier.
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Globally, greenhouse gas emissions are projected to decline by about 8.3 per
centin2100asaresultof climate change damages, falling from 151 Gt CO -eq
inthe reference case withoutimpacts scenario to about 138 Gt CO -eqinthe
reference case withimpacts scenario (excluding emissions from land use
changeandforestry).

Inthe reference case withoutimpacts scenario, Australia’s greenhouse

gas emissions (excludingthose fromland use change and forestry) are
projectedtoincrease fromabout 500 Mt CO -eqin 2001 to about 907 Mt
CO,-eqgin2100.However,after accounting for climate change damages and
the associated decline in economic activity,growth in Australian green-
house gas emissionsare projected to decline such that by 2100 they reach
858 Mt CO -eq—adecline of about 5.5 per cent —in the reference case with
impactsscenario.

way forward

Inthisarticle,anillustrative reference case incorporating the economic
impacts of climate change has been developed to demonstrate a ‘proof of
concept’version of GIAM that will eventually allow the benefits and costs of
climate change policy to be examined at the economywide level. A range of
areasfor further development have beenidentified, including the need for
in-depth, multidisciplinary research into the economic damages associated
with climate change at the country level (figure iand box 4). Further, such
economywide analysis should be supplemented by more microassess-
ments, particularly in relation to the assessment of the costs and benefits of
mitigationand adaptation efforts.

* structure of the planned global integrated assessment model

Enhanced economic module
eadvanced energy technologies
e improved population dynamics impacts

; e more greenhouse gases and aerosols and risk MK3L

adaptation e technology database assessment

e endogenous productivity change

e land use change
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M policyresponse []enhancedeconomic Il impactsandrisk M climate module
module module assessment module

policy

response mitigation
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box4 furtherdevelopments

The divergence between the emissionsand GDP pathways in the reference
case scenarios (withand without climate change impacts) indicate the
importance of accounting for the interrelationships between economic
and scientific systems. When analysing the costs and benefits of under-
taking alternative mitigation pathways it is fundamental to have a reason-
able understanding of the costs and benefits of climate change impacts
and mitigation and adaptation responses.

Itis paramount thatan Australian focusedintegrated assessment modelis
developed that would allow a complete assessment of the costs and bene-
fits of climate change and mitigation and adaptation responses. In figure ,
the structure of the proposed and more advanced GIAM, incorporating
adaptationand policy response modules, isillustrated. These modules,
which have notyet been developed,are discussed below.

adaptation module

The purpose of this module is to explore the possible ways of adapting to
climate change. The adaptation module will provide information to the
economic module on changes in factor supply,including labour supply and
migration, productivity and consumption patterns resulting from adapta-
tion measures.

policy response module

The policy response module will use information from the economic,
climate and adaptation modules to endogenously determine the optimal
level of adaptation and mitigation given the environmental and economic
tradeoffs between reducing climate change damages and the costs and
benefits of alternative policies.

Arange of other developments could also be undertaken in GIAM to
enhance the robustness andrelevance of the insights. These include:

* enhancements to the damage function to represent climate change
impacts atasectorlevelandinresponse to changes in rainfall, water
availabilityand sealevel rises

* recalibrating the damage function to allow for economic benefits for
small changesin climatein some regions

* quantifyingthe “distribution” of climate change impactsatacountry
level

= theinclusion of social processes, biophysics and economics within the
generalised surface scheme of an Earth System Model

e directlinking of the model components toallow the climate and
economic modules to be solved simultaneously rather thanthe current
iterative approach.
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