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PROJECTED COSTS OF CLIMATE CHANGE

F OR TWO REFEREN CE SCENARIOS AND FOSSIL FUEL CYC‘LES

1. Overview: Temporal and Spatial PfojectiOns of Climate Impacts and Costs

The most visible assessment of the economic cost of climate change is the 1996 assessment by the

'Intergovemrnental Panel on Climate Change (IPCC) (Pearce et ¢/.:1996), supplemented by reviews

such as Fankhauser and Tol (1996), Tol (1995) and Munasinghe (1995), and individual assessments,
such as Fankhauser (1992, 1995), Nordhaus (1994b), and Intera (Little et al. 1993; Maul and
Clement, 1994), among others. The IPCC expect damages from climate change (for the 2xCO; -
equilibrium) to be 1.5-2.0% of world GNP, with impacts in developed countries of 1.0-1.5% of-
national GNP compared to 2-9% in developmg countries (Pearce e al. 1996). Such global figures:
belie the large range of uncertainty inherent in valuing climate change. Much of the total cost of
climate change is attributed to changes in welfare, calculated by methods of contingent valuation

‘that are subjective and sensitive to assumptions about future values. All of the available global

estlmates are partial, that is some potential impacts are not fully costed.

,Fankhauser and Tol (1996: 668), in partlcular summarise recent trends:

» Increasing regional and sectoral differences—winners and losers are dxspersed between
countries, between sectors and between stakeholders within a sectors and countries. For
example, wheat cultivation in northern Europe is likely to benefit from warming, srnallhoidcr
maize production in semi-and Africa is less likely to keep pace with demand.
e Lower market impacts in developed countries—adaptation is emerging as a cost-effective
strategy to cope with expected impacts. - However, estimates of the cost of climate change for
individual sectors vary widely, based on assumptions of interlinkages between sectors, exposure
to extreme events, and how costs are valued.

- e Increasmg importance of non-market 1mpacts—-—accuracy of estnnates is still low, but more

- pon-market impacts have been quantified, especially for health eﬂ"ects and loss of life in extreme

events.

The emphasis on adaptatxon in partlcular necessitates a tlme~dependent dynamlc analysis of climate
change damages, rather than the first round of equilibrium assessments based on comparative
statics. Integrated assessments that link sectoral impacts with non-climatic stresses are also cited as

essential. Assumptions of multiple stresses in ecosystems, health and economies without climate
change—the reference world of the future—provide the essential framework for gauging damages
ﬁ'otn climate chmate and climatic hazards, and the scope for incremental adaptatlon

This paper presents a pioneering effort to hnk reahstlc scenarios of climate change, first-order
impact assessments and prevalent techniques in economic valuation. The methodology includes (i)
explicit reference projections of the future with and without climate change; (ii) linkages between
temporal and spatial climate change scenarios and impacts; and (iii) apportioning of the global cost

i F'olloWiﬁg convention in economics, we generally use the term damages and costs to denote net damages and costs. In
such cases, benefits would be negative damages or negative costs. The issue of aggregating costs and benefits from
disparate sectors and regions is discussed in section 14. ' '



_of climate change to individual fossil fuel cycles. This analytical framework enablés comparisons
to be made between two pathways of future climate change impacts, among carbon-based coal and
gas fuel cycles, and between fuel cycle contnbutlons to climate change and the average cost of

climate change. |
Marginal changes to explicit referenée projections -

Most assessments of climate change damages have assumed an instantaneous, equilibrium change.
That is, climate change is assumed to happen to the present economy, or a future economy that is
the same as the present one. The economy is not allowed to gradually change its resource use in
conjunction with the threat of climate change. In contrast, this study has calculated the cost of
climate change against a future world that is substantially different from the present world,
mcludmg the pathway between the present and 2100. Figure 1 shows this approach, using the 1592a

projection of Gross World Product (GWP) as an indicator of the reference scenario (1S92a). The .

effect of climate change is the cumulative departure between 1990 and 2100 between the reference
projection’ (IS92A) ‘and the reference projection as modified by climate change (IS92A*). The
diagram shows. the .cost of climate change, uSing the high estimate for the IS92a scenario (CC:
1892a-High), which is below the 1S92a, mdlcatmg that the aggregate impact of climate change is
negative®. For some sectors, such as heating demand, the impact of chmate change is’ posmve and

the chmate change * 1mpacts "would be abovc the reference GWP.,

PROJECTED GROSS WORLD PRODUCT AND ECONOMIG COST OF CLIMATE GHANGE

250,000,000

200,000,000

150,000,000
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100,000,000
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Figure 1. Cumulative Gross World Product with and wnthout cllmate change damages. ISQ2A
is GWP projected without climate change CC: IS92A-HIGH shows the marginal effect of

(advcrse) chmate change based on the IS92a hlgh estunate of i 1mpacts.

% Note that the damages shown ‘in this chart include values, such as. the existence value of species and the value of
‘statistical life, that are not included in GWP. This. accentuates the dlfference between the reference and the unpacts

Thus, convertmg total impacts to d percentage of GWP is not techmcally correct.

i




it

g

5
§ ¢

Al

- ie

Since ‘the economic valuation of climate change depends on the difference between a reference
scenario and the reference with climate change, alternative reference scenarios of the. future need to.
be evaluated. Two such scenarios are considered in this report, based on the ]PCC s sulte of

scenarios developed in 1992 (labelled the IS92 ‘scenarios);

e IS92a: Non-intervention projection or “busmess-as-usual” ~ medium populatlon and
~economic growth leads to hlgher personal incomes. Standards of hvmg improve, but large
g populatrons are still poor and resource use is stllI sensitive to climatic ﬂuctuatlons although less
so than at present, '

e 1S92d: Sustainable or “resilient development” — low population growth, high personal

" incomes, and high energy efficiency reduce sensitivity to climatic fluctuations, even more so
than in the 1S92a world. More equitable standards of lrvmg enable countries to be resilience to

- -resource lumtations

The contrast between the 1S92a “non- 1ntervent10n and the IS92d “res111ent development” scenarios
highlights diverse views of the future. In both futures, conditions i improve as gauged by economic
growth and environmental concerns reflected in GHG abatement. Thus, the potential for regional

- collapse, as might be possible with water scarcity and famine in some semi-arid areas, is less likely

than at present. To capture the extreme cases of resource scarcity and conﬂlct a different reference

- scenario would be requlred

The reference projections are developed from the global projections of the IPCC (Pepper et al,
1992), supplemented with data from the World Bank and World Resources Institute (1990, 1991).

Temporal and spatial lmkages in tmpact assessment

' The first generation of economic evaluations are marked by a hlgh level of aggregatlon (oﬁen six to
‘ten world regions) and weak connections between climate scenarios, impact assessments. and

economic valuation, In addition, insufficient attention was given to the range of uncertainty. The
framework used here couples scenarios of global emissions, projections of global changes in
temperature and sea level rise, spat1a1 scenarios of climate change and first-order impacts; and

_ country-level estrmates of the economic 1rnpacts of climate change.

- The 1995 version of MAGICC (Model for the Assessment of Greenhouse—gas Induced Climate
‘Change) is used to calculate global-average temperature change and sea level rise for the two

reference emission scenarios (I892a and IS92d) (Osbormn and Wigley, 1994; Raper, Wxgley and

~ Warrick, 1995; Wigley and Raper, 1992, 1993, 1995; Wigley, 1993, 1994). Spatial scenarios of

climate change are created using results from the Goddard Institute for Space Studies (GISS)
General Circulation Model (GCM) experiment (Hansen et al. 1988). The GISS equilibrium .
changes in mean monthly temperature and precipitation are scaled to the global projections from
MAGICC for 2100 according to methods developed by the Climatic Research Unit (Viner and

. Hulme 1993; Carter ef al. 1994). The bascline chmatology is the 0.5 degree latitude by longitude

data base complled by Cramer and Leemans (1 994)

Flrst-order impact models are run for the current chmate and for the scenarios of climate changc
The relatlvely simple impact models rely on the agroclimatic indices, the balance of temperature and

| potential evaporation, and accumulated temperature departures (heating and cooling degree days).

They provide spatial realism and are likely to indicate the direction and magnitude of impacts.

National impacts of sea level rise rely on the vulnerability assessment cornplled by the IPCC (1990)

and Delft (1993)



The first-order impacts are summarised by country and linked to the _economic valuation of the cost
of climate change. For example change in average heating degree days between the present and
2100 (with climate change) for each country is related to estimates of the demand for and cost of

space heatmg

The country-level costs are summed to a glo‘cal total Sectors not mcluded in the spat1a1 model
_(bmd}versny, natural hazards and health, welfare and other damages) are included as global
estimates in order to present a relatxvely complete assessment of the cost of chmate change Net

present. values (NPVs) are calculated for a range of dlscount rates,

The assessment of uncertainty is built into the analytlcal framework. At each stage of analy313, low,

medium and high estimates are compiled, corresponding to the low, best guess, and high estimate of
global climate change from MAGICC. They are subjective estimates of the range of likely economic
values of impacts, for example depending on the value of statistical life or the price of electricity. The

assumptions and numbers presented here are still fairly conservative. This is, we have discounted -

the likelihood of large ecosystem collapses and assumed relatlvely modest differences between the
two reference scenarios. L . _

Fossil fue! cycle contrlbutmns to chmate change

- A few studies have calculated the proportion of the total cost of climate change that can be ascnbed

to individual fuel cycIes (EC 1995; Hohmeyer and Girtner, 1992; Holland et al. 1995; IEA GHG, -

1994, 1996; Tol, 1993, 1995). In this study, the marginal effect of each fuel cycle is calculated by

adding fuel cycle GHG emissions to the global GHG emissions and running the fuel cycle emissions

through MAGICC. To achieve a discernible result, the individual fuel cycles are scaled up by 100.
The differences between projected global-average temperature for the reference scenario and the
reference scenario with added fuel cycle emissions are used to apportion the global cost of climate
-change to the 1nd1v1dual fuel cycles For coastal nnpacts the global proJectlons of sea level rise are

' used.

-Flve fuel cycles are compared each agamst two reference scenarios (Table 1 and Table 2). The
emissions, estimated by the ExternE project’, cover the fuel complete cycle: fuel extraction,

construction and decommissioning of the plan, power generation, disposal of wastes, intermediate |

transport stages and transm1sswn of electnc1ty (European Commrssron 1995) None of the fue_l
cycles include GHG capture - A

‘The coal fuel cycle (UK Coal) is based on a station located in the Bntlsh Midlands. It is a large |
plant, 1710MW in capacity, with correspondingly high emissions, particularly of CO; and-sulphur.
The smaller lignite power station (Lignite) is based on a hypothetical plant located near Cologne in

Germany Both coal plants use ﬂue gas desulphunsanon whlch reduces the emxssnons of sulphur

The two oil-based fuel cycles both draw fuel from the North Sea The hypothettcai plants are

~ situated north of Stuttgart. Both would be equipped with flue gas desulphurisation and low NOx

- burners. The combined cycle plant (Oil CC) has a electricity capacity of 527 MW, operatmg at full
load for 6500 hours per year. The Oil CC plant is assumed to begin operation in 2005, in contrast to
the other fuel cycles which begin i in 1990 The gas turbme plant (011 GT) operates dunng times of

3 Greenhouse gas emissions were provided by the Energy Technology Support Unit, Harwell, UK.






