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“Beyond the aggregated damage functions in IAMSs” ?
— why is this an important problem?

® Climate policy had long been assessed in terms of mitigation efforts by
“shadow price of carbon” (in systems-engineering IAM) or cost-benefit
analysis by “social cost of carbon” (in climate-welfare economy IAM)
[Weyant 2017].

® So-called “highly aggregated, simplified damage functions” in the
climate-welfare economy IAM had been played key role for CBA, which
are recently attacked seriously [e.g., Pindyck 2013] as lacking scientific
basis and economic foundations.

® The systems-engineering models incorporate damage assessments
either by the similar functions or by employing too complex modeling
to be traceable (i.e. black-boxiness) [e.g., Fernando and Raul, 2018].



The model structure of “climate-economy welfare
Integrated Assessment Models” (IAMs)
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Economic damage estimates of climate change
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Figiere 2

Twenty-One Estimates of the Global Economic Impact of Climate Change
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Welfare impact

From Tol (2014)
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Notes: Figure 2 shows 21 estimates of the global economic impaet of climate change, expressed as the
welfare-equivalent income gain or loss, as a function of the increase in the annual global mean surface
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Our strategy — interlinking our LCIA model

Summary of the differences with state of the art
D(T)=1/1+7,(T)+ 7,(T )]

« Damage is expressed as percent of GDP loss

 modeler’s choice of WTP and income elasticities

 Modeler’s choice of highly aggregated algebraic form of functions
and their parameter settings
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 Damage is expressed as external environmental cost (EXT), deducted
from gross output

« MWTP and income elasticities are delivered from conjoint analysis.

 Dose-Response functions are based on detailed sectorial models.

EXT,, =) MWTP, Z DR, ;- Inv
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Our strategy — interlinking our LCIA model 6
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Our strategy — interlinking an LCIA model

W Extern-E study (2005) - interdisciplinary works from sources to monetary value of impacts
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Our strategy — interlinking our LCIA model (LIME3) 8
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Integrating systems-engineering into climate-welfare econ

Population, GDP
(driver of demands)

v

Resource demands
for energy, minerals,
biomass (woods
and foods)

Driver to
demands

H

<I—>'_ Macro-economy
Y I model I

Supply costs of
the resources

internal costf(FC,NFC,LC)

:_ Simplified climate

: GHG emissions

Sea Level Rise

=»-> temperature rise,

environmental
external cost

damage

A

Energy systems
supply model

Mineral resource
supply model

LIII‘IIIIILIII

I Bio-resource supply
1 Land-use model

1

GHGs, SOx, NOx
emissions—>acid
rain, air pollution

weighting

Human health

Resource extraction

Waste disposal

Natural resources

Biodiversity

Land use

Land-use change

Demands to inventories

S unndfennnlonnnwn

|

Inventories to external cost



Linking the three resource models (inventories generated) to

the impact assessment model (LIME3)

input data from other
models to the impact
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Interlinking all forms of caEitaIs and transformations in our IAM 11

] o A (conomic Theory; Sustainability is non-declining of all forms
* education, medication . o 1. .
= of capital in value terms to support human well-being.
human capital,
health capital

Consumption (final goods and services)

4 Ramsey model (RICE 2010) To all forms

Output, GDP Investment g I}of capitals The Lifecycle
Impact
technology environmental b

EEEEEEEEEER Assessment

Production e capital
(function, 1/0, process) =Simplified model (LIME3)
yclimats
Energy physical capital

%‘I‘echnology
,

* infrastructure,
machineries

Natural capital
Mineral

Simplified land Energy |Energy Mineral | .., cc

land use resources resources | model resources | ... e/

model x forestry (e.g., wood) * Non-renewables (fossil, uranium)  * Ferrous (iron ore), non ferrous
* Agriculture (e.g., rice, * Renewables (e.g., geothermal, metals (e.g., bauxite, copper)

wheat, corn) solar, wind, hydro, ...) * Non metals (e.g., limestone, gravel)



Temperature target is evaluated in terms of an “aggregated” SD indicator 12
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Tokimatsu et al., “Using Genuine Savings for climate policy evaluation with an integrated assessment model”,
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Contributions of our IAM approach

1. Modeling and using sustainability indicator
backed by Econ theory (vs systems dynamics)

2. Model development; inclusive integration of env.

and res. econ. and ener. tech. (vs extrapolation)
3. Sustainability-based climate policy assessment
(vs cost-benefit of climate change mitigation)
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“Beyond the aggregated damage functions in IAMs” **

—why are we better?

1. Itis founded on more scientific basis and less depending on expert judges.
- Dose-Response Function, large MWTP survey, conjoint analysis

2. Wider coverage and inclusiveness of natural resources and their
environmental consequences in consistent manners.
- 10 energy and mineral resources and 8 environmental impact categories

3. Simple and compact — compared with “huge” scale IAMs
- (pros) LCIA models provides (aggregated) “factors” for LCA practitioners
- (cons) sacrificing higher resolution of time and space (limitations)

4. Modeling inclusive nature of natural resources and environment enables us
to compute various indicators related to sustainable development (SD).
- econ (e.g.; GS, Carrying Capacity, HANPP) and non-econ(e.g.; eco-efficiency)



