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C L O S I N G 
R E F L E C T I O N S

L O N G - T E R M  I N V E S T O R S  A S 
C L I M AT E  S TA K E H O L D E R S

This study has provided 
Mercer and its study partners 
the opportunity to identify 
interesting implications of the 
climate scenarios and TRIP 
factors, and associated actions 
for investors to consider. 

Our study considered the coming 35 years, 
stretching the practical perspective of the 
typical long-term investor. The challenges 
of short-termism are well documented in 
the industry, and the issue of climate change 
compounds this issue. 

A study on the impact of climate change 
would be remiss without reference to 
longer-term implications and opportunities. 
Appendix 2 looks beyond the next 35 years 
to consider how our climate scenarios 
are likely to unfold to 2100. The physical 
implications are progressively worse as we 
consider a Coordination scenario or the 

Fragmentation scenarios. Investing to adapt 
now is widely argued to present a more 
attractive economic outcome than relying on 
the concept of greater wealth in the future 
to provide solutions. Although many of the 
worst projected climate impacts could still be 
avoided by holding warming below 2°C, this 
would require substantial policy, technology, 
economic, institutional, and behavioural 
change. For investors, the key question 
is whether they will actively take a role in 
encouraging a 2°C outcome in line with our 
Transformation scenario.

Investors have two key levers they can use 
to help steer in this direction: investment 
and engagement. It is interesting to consider 
“what’s required” from the long-term 
investment community to meet this challenge. 
Numerous industry groups are working on 
different components, yet a more concrete 
mapping of “from here, to there” is required 
if these efforts are to be coordinated for 
maximum effort.
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“For investors, the key question is 

whether they will actively take a role in 

encouraging a 2°C outcome in line with 

our  Transformation scenario.”
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I N V E S T O R S  A S  ‘ F U T U R E  TA K E R S ’ 
O R ‘ F U T U R E  M A K E R S ’

All investors will be influenced by whichever global 
political and physical climate scenario emerges over 
the coming decades. In this sense, they are all “future 
takers” in the context of climate change, although 
investors will face this issue with different levels of 
resilience — with those investors unprepared for the 
minimum return impact expected to accompany any 
of the future  scenarios effectively negating their 
best possible outcome. 

On the other end of the spectrum is the emergence of 
a  group of investors that we could term “future makers”. 
These investors feel compelled by the magnitude of the 
longer-term risk of climate change to seek to influence 
which scenario comes to pass. 

Collaboratively, these institutional investors are 
recognising that they have a potentially meaningful role 
to play in echoing the position that has been taken by 

1. �Will ignore the risks and 
opportunities associated with 
different climate scenarios to the 
potential detriment of long-term 
returns within and across industry 
sectors and asset classes. 

T H E  C R I T I C A L  Q U E S T I O N  F O R  F I D U C I A R I E S  I S : 
W H I C H  C AT E G O R Y  B E S T  D E S C R I B E S  Y O U R  A P P R O A C H ?

2. �Will include consideration 
of climate risks across their 
portfolios, taking action across 
and within asset classes and 
industry sectors as appropriate 
to manage them.

3. �Will build upon the climate-aware 
future-taker position and make 
a concerted effort to influence 
systemic, market-wide outcomes. 
This will involve explicitly engaging 
with policymakers and other 
key stakeholders (such as 
industry groups and high-profile 
companies) in order to seek to 
reduce additional uncertainty 
and achieve carbon mitigation in 
line with a 2oC world.

C L I M AT E - U N AWA R E 
F U T U R E  TA K E R S

C L I M AT E - AWA R E 
F U T U R E  TA K E R S

C L I M AT E - AWA R E 
F U T U R E  M A K E R S

Figure 21: From Future Taker to Future Maker

most countries (including major powers like the US and 
China) in recognising the scientific evidence that limiting 
global warming to 2°C is required to avoid “dangerous” 
interference with the climate. Moreover, they are 
recognising the need to encourage policymakers and 
businesses to prepare accordingly. Some investors, for 
a number of reasons (including their size, resources, 
or governance constraints) are not likely to adopt an 
influencing role, yet we still expect to see an increase in 
the number of such investors over the coming years. 

Three different investor perspectives can be summarised 
in Figure 21. We encourage investors to progress along 
these phases to the extent they can.
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Mercer would like to thank the following forward-thinking organisations for their support 
and contributions, without which this important climate change study would not have 
been possible. They are collectively responsible for more than US$1.5 trillion in assets 
from pension and sovereign wealth funds, endowments, insurers, private banks, and 
investment managers.

A C K N O W L E D G E M E N T S

P U B L I C  R E P O R T  PA R T N E R S

IFC, a member of the World Bank Group, is 
the largest global development institution 
focused exclusively on the private sector. 
Working with private enterprises in about 
100 countries, we use our capital, expertise, 
and influence to help eliminate extreme 
poverty and boost shared prosperity. In 
FY14, we provided more than $22 billion 
in financing to improve lives in developing 
countries and tackle the most urgent 
challenges of development. For more 
information, visit www.ifc.org.

The Department for International 
Development (DFID) leads the UK 
government’s work to end extreme poverty. 
A ministerial Department, its overall aim is 
to reduce poverty in poorer countries, in 
particular through achieving the Millennium 
Development Goals (MDGs). DFID works 
directly in 28 priority countries across Africa, 
Asia, and the Middle East, and has regional 
programmes in Africa, Asia, the Middle East 
and North Africa, and the Caribbean, as well 
as development relationships with three 
Overseas Territories — St Helena, the Pitcairn 
Islands, and Montserrat. www.dfid.gov.uk.
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PA R T N E R S

Thank you to the many individuals who have represented these 
partner organisations and actively participated throughout each 
stage of the study, providing valuable insights and contributions.

•	 �Allianz Climate Solutions GmbH — Germany*
•	 �Baillie Gifford & Company — UK*
•	 �BBC Pension Trust — UK
•	 �British Telecom Pension Scheme (BTPS) UK*
•	 �Church of England National Investing Bodies — UK
•	 �The California State Teachers’ Retirement System (CalSTRS) — US
•	 �Construction and Building Industry Super (Cbus) — Australia
•	 �Connecticut Pension Fund — US
•	 �Credit Suisse — US*
•	 �The Environment Agency Pension Fund (EAPF) — UK
•	 Första AP-fonden (AP1) — Sweden
•	 �Guardians of New Zealand Superannuation Fund (NZ Super) — New Zealand
•	 �The New York State Common Retirement Fund (CRF) — US
•	 �Queensland Investment Corporation (QIC) Limited — Australia
•	 �State Super Financial Services (SSFS) — Australia
•	 WWF-UK — UK

* Research partners
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The NERA team has drawn on its world-
recognised expertise on the economics of 
energy and environmental policies to develop 
some of the scenarios and conduct analysis, 
grounded in the climate change modelling 
literature, to assess the potential impacts 
of those scenarios on geographic regions 
and sectors. Thanks to:

Dr David Harrison Jr  
Senior vice president and  
co-chair of NERA’s Global Environment 
Practice

Dr Noah Kaufman35 
Senior consultant in NERA’s Environment 
Practice

Conor Coughlin  
Research associate in NERA’s 
Environment Practice

The Guy Carpenter team has applied its in-
depth knowledge of a range of climate perils, 
such as flooding, hurricanes, and droughts to 
supplement NERA’s research with analysis on 
the physical impacts resulting from climate 
change over the coming decades. Thanks to:

Alex Bernhardt36 Lead on physical impact and 
resource availability risks

Desmond Carroll and Peter Wei 
Impact research, modelling, and indexation

35 Noah joined the Advisory Group for the study when he started a new role at the World Resources Institute in March 2015.
36 Alex joined Mercer as the US Head of Responsible Investment in March 2015.

M A R S H  &  M C L E N N A N  C O M PA N I E S

The author of this report, Mercer, is a 
leading  global investment consultant, 
and has been growing a specialist team 
in sustainable investing since 2004. This 
report builds on our examination of climate 
change and strategic asset allocation 
implications in our seminal 2011 study, and 
our expertise in strategy setting and long-
term investing. Thanks to the numerous 
people across Mercer who were involved 
and contributed, particularly:

Core Team

Jane Ambachtsheer

Alex Bernhardt

Helga Birgden

Kate Brett

Vanessa Hodge

Aled Jones

Karen Lockridge

Rodney Marmilic

Jillian Reid

Tom Snape

Christina Teague

Leadership Sponsors

Deb Clarke  
Global Head of Investment Research, Mercer

Simon O’Regan  
President, EuroPac Region, Mercer

Additional 
Contributors

Brian Birnbaum

David Coleman

Michael Cross

Sarika Goel

Hendrie Koster

Harry Liem

Steven Sowden 

Nick Sykes

Thien Tran

Lucy Tusa

Nick White
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A D V I S O R Y  G R O U P

The Advisory Group has provided a sounding board and industry 
insights into different elements of the study. Advisers are drawn from 
academia, climate modelling, green finance, traditional finance, 
and risk. We thank our advisers for their contributions and for sharing 
their expertise.

Thanks to:

Dr Rob Bauer 
University of Maastricht, 
Netherlands

Dr Barbara Buchner  
Climate Policy Initiative, 
Italy/Global

Sagarika Chatterjee 
Principles for Responsible 
Investment (PRI), UK 

Paul Dickinson 
Carbon Disclosure Project,UK

Nathan Fabian 
Investor Group on Climate Change, 
Australia/Global

Mark Fulton  
Carbon Tracker Initiative, CERES, 
Energy Transition Advisors, 
US/Australia

Sean Kidney  
Climate Bonds Initiative, 
UK/Global

Bob Litterman  
Asset Owners Disclosure Project, 
Financial Analysts Journal, US

Nick Robins  
UN Environment Programme, UK

Mike Wilkins  
Standard and 
Poor’s Ratings Services, UK

Dr Paul Wilson  
RMS, UK

Helene Winch  
Low Carbon, UK

We also thank Dr Myles Allen from the 
University of Oxford for his input.
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A P P E N D I X  1  — 
C L I M AT E  M O D E L S

The impacts of climate change on the global economy include the 
effects of mitigation activities on the one hand and physical damages 
on the other. Physical damages may also be partially or wholly averted 
through adaptation activities.

Quantitative projections of climate 
change impacts depend upon the use of 
highly aggregated, large-scale integrated 
assessment models (IAMs). IAMs are 
integrated in the sense that they use 
climate science and economic data 
together. IAMs are diverse in structure but 
can be described as stylised representations 
of the relevant interactions of natural and 
human systems. These models take a set of 
input assumptions (for example, population 
growth, baseline GDP growth, technological 
change) and produce long-term projections 
of various outputs (for example, mitigation 
costs, physical damages). 

For the purpose of providing detailed 
quantitative impact estimates, IAMs are the 
best tool available. Their known limitations, 
and the way we have attempted to address 
some of those limitations, are outlined in this 
appendix to the report..

Current models, although “integrated”, do 
not tend to consider the crucial linkages 
and feedbacks between the three impact 
categories of mitigation, physical damages, 
and adaptation. Notably, the roles of 
adaptation and damages in large-scale 
mitigation models are generally ignored. 

37 Intergovernmental Panel on Climate Change — Working group III. “Chapter 6” in Fifth Assessment Report (AR5).

The Intergovernmental Panel on Climate 
Change (IPCC) in its Fifth Assessment 
Report (AR5) cites this disconnect as a 
“major gap in the … literature.”37  Thus, 
we provide separate estimates from 
the literature of mitigation costs and 
of adaptation and physical damages, 
using prominent IAMs that capture these 
impacts independently. However, experts 
may take different views on the necessary 
adjustments to these models and 
assumptions, so the outcome of the models 
— and the conclusions as a result of these 
adjustments — may be materially different.

Further, IAMs are, by their nature, highly 
simplified numerical representations of 
extraordinarily complex systems. As such, 
they must ignore drivers that are difficult 
or impossible to quantify (for example, 
political forces) and most often assume 
fully functioning markets and competitive 
behaviour to arrive at cost-minimising 
outcomes. Moreover, arriving at usable 
economic damage estimates for climate 
change requires interpretation between 
assumptions around potential future human 
actions and their potential impact on GDP 
with several layers of interpolation between. 
Accepting that all of this introduces 
uncertainty at many stages of the modelling 
process (see Figure 22), IAMs remain the 
most concrete foundation we have to provide 
detailed quantitative impact estimates.

21 3 4 5 6 7
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M I T I G AT I O N  C O S T S

Models of mitigation costs are diverse but 
are most easily distinguished by level of 
detail (full-economy versus partial-economy). 
Partial-economy models describe one or 
more sectors of the economy with a “bottom 
up” level of detail and treat the rest of the 
economy exogenously. Partial-economy 
estimates of mitigation costs rely on models 
that represent the energy sector in detail 
and calculate within-sector abatement costs. 

Full-economy models, on the other hand, 
represent the macroeconomic feedbacks 
across all economic sectors (described 
in significantly less detail) to arrive at an 
economy-wide, general equilibrium solution. 
Detailed energy-sector impacts are not 
provided in such “top down” models. In 
recent years, efforts have been made to 
develop “hybrid” models that pair a detailed, 
bottom-up approach to the energy sector 
with a general equilibrium representation of 
the economy. The WITCH model, developed 
by the climate change group at Fondazione 
Eni Enrico Mattei (FEEM), is one of the most 
well-regarded of these hybrid models and is 
the source of our mitigation cost estimates. 

In the WITCH model, economic and 
environmental pathways are simultaneously 
selected by 12 regions to maximise each 
region’s future consumption stream. 
Incentives to mitigate climate change 
are implemented in the model by a cap 
on emissions with allowances allocated 
to each region. These allowances are 
subsequently traded between regions 
based  on the allowance price and the 
relative mitigation opportunities. The WITCH 
model includes technological advancement 
in the energy sector that is driven by regional 
investments in research and development. 

The WITCH model is as well respected as 
any of its kind. It has been used extensively 
in academic publications and “model inter-
comparison studies” such as the Stanford 
Energy Modelling Forum. The mitigation cost 
estimates cited in IPCC AR5 are based on 
results from WITCH and similar models.

Of course, as a dynamic model of the 
global economy and energy system, 
WITCH also makes numerous simplifying 
assumptions. Regions have “perfect 
foresight”, meaning that nothing in the 
model occurs unexpectedly. It is not 
possible to model less efficient (but 
more politically feasible) public policies or 
private- sector-driven mitigation in WITCH. 

Human 
Activities

GHG 
Emissions

Atmospheric 
Concentrations

Temperature 
Changes

Changes 
in GDP

Figure 22: Degrees of Uncertainty in Integrated Assessment Modelling 
IAM Methodology for Calculating Economic Damages

Source: Mercer
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P H Y S I C A L  D A M A G E S  A N D 
A D A P TAT I O N  C O S T S

The three most prominent models used to 
estimate the physical damages associated 
with climate change are the FUND, DICE, 
and PAGE models.38 These models include 
(relatively simple) climate modules that 
translate forecast greenhouse gas emissions 
into temperature changes and other physical 
effects. The models then rely on highly 
aggregated “damage functions” to translate 
projected climate outcomes into monetised 
physical damage estimates (generally stated 
as a percentage of GDP). The form of these 
damage functions varies across models, as 
does the level of regional and sectorial detail. 

FUND and DICE are widely used by economists 
and policymakers. Along with the PAGE model, 
they are the focus of IPCC AR5’s discussion 
of “aggregate climate damages.”39 All three 
models were also used by the United States 
Government to estimate a “social cost of 
carbon” for regulatory impact analyses. 

There is much literature on the limitations of 
models that estimate the economic effects 
of the physical damages from climate change. 
The uncertainties associated with projections 
of the global economy and energy system, 
projections of changes in the climate 
associated with changes in the economy, 
and projections of monetary damages due 
to changes in the climate are all immense. 
According to IPCC AR5, “the reliability of 
damage functions in current IAMs is low.”40

Based upon this consensus of uncertainty 
around IAM outputs, we have endeavoured 
to undertake a qualitative analysis of all major 
FUND results to determine their accuracy 
and degree of relevance to the sectors, 
regions, and asset classes considered in 
this study. We have also endeavoured to 
supplement FUND results where gaps have 
been identified and could be readily filled 
using current research and available data. 
More on our methodology for grounding 
and supplementing FUND is included in the 
following sections.

I N V E S T I N G  I N  A  T I M E  O F  C L I M AT E  C H A N G E   

38 The Climate Framework for Uncertainty, Negotiation and Distribution (FUND); Dynamic Integrated Climate-Economy (DICE); Policy 
Analysis of the GReenhouse Effect (PAGE)
39 IPCC — Working Group III, “Chapter 3”.
40 Ibid.
41IPCC — Working Group III, “Chapter 10”.

F U N D

FUND was developed by the economists David 
Anthoff and Richard Tol, who helped to write 
the chapter on economics for IPCC AR5.41 
FUND is comprised of bottom-up damage 
functions for 16 regions and 15 impact 
categories — a major advantage over the 
DICE and PAGE models, which include top-
down global damage functions with almost no 
sectorial detail. Additionally, damages in FUND 
depend on both the level and rate of climate 
change, and the damage functions explicitly 
consider adaptation in various sectors. The 
DICE model, developed by William Nordhaus, 
includes adaptation only implicitly via the 
underlying climate change studies to which 
its damage function is calibrated. The major 
advantage of DICE is that damages from 
climate change reduce investment, leading 
to worse economic outcomes in the future; 
economic growth in the FUND and PAGE 
models is exogenous. 

21 3 4 5 6 7
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USA 
United States of America

ANZ 
Australia and New Zealand

CAM 
Central America

CHI 
China

CAN 
Canada

CEE 
Central and Eastern Europe

SAM 
South America

NAF 
North Africa

WEU 
Western Europe

FSU 
Former Soviet Union

SAS 
South Asia

SSA	 
Sub Saharan Africa

JPK 
Japan and South Korea

MDE 
Middle East

SEA	 
South East Asia

SIS 
Small Island States

FUND regions

FUND damage estimates

Figure 23: FUND Model Regions and Damage Estimates

Heating expenditures
Cooling expenditures

Dryland loss
Wetland loss
Coastal protection
Immigration cost

Tropical storms
Extratropical storms

Vector-borne diseases
Cardiovascular and 
respiratory mortality
Diarrhoea

Agriculture

Forestry

Water resources

Energy (heating/cooling)

Sea level rise (SLR)

Biodiversity

Extreme weather

Human health
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F U N D  R E S U LT S

The Fragmentation–Higher Damages 
Scenario shows results scaled up to align 
with the damage function in DICE (for more 
on this fourth scenario, see “Validating and 
Supplementing”). The overall net damage 
estimate coming out of FUND before any 
Mercer supplementation for the three 
unmodified scenarios ranges from -0.45% 
(Fragmentation/Transformation) to -0.42% 
(Coordination) of global GDP, meaning the 
net impact of climate change over this time 
horizon is shown as economically positive. 
This result is overwhelmingly driven by the 
Agriculture damage function. The net result 
for the fourth scenario with scaled-up 
damages is 0.89% of global GDP. 

Separately, we have attempted to fill gaps 
in the FUND damage estimates by developing 
new functions that address damage and 
peril types otherwise neglected by the 
model. Where warranted, we have also 
reviewed key FUND damage functions that 
contribute significantly to overall damage 
estimates during the study period for 
reasonability and directional accuracy based 
upon current research and expert judgment. 
In some cases, this review has resulted in 
judgmental adjustments to FUND model 
outputs, which serve as an input into the 
final investment modelling.

8 7
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VA L I D AT I N G  A N D 
S U P P L E M E N T I N G  T H E  M O D E L S

IAMs are often used by policymakers to 
assess the “social cost of carbon” (SCC). 
Paraphrasing the United States Environmental 
Protection Agency,42 the SCC is meant to be 
a comprehensive estimate of climate change 
damages and includes, but is not limited to, 
changes in net agricultural productivity, 
human health, and property damages from 
changes to weather risk. However, given 
current modelling and data limitations, none 
of the IAMs include an assessment of all 
important damages or perils. 

FUND is unique among IAMs in the sectorial 
and regional detail it provides, making it 
uniquely suitable for this study for which 
such detail is important to determining the 
differing effects of climate change on diverse 
investment asset classes. However, as is 
the inevitable consequence of developing a 
bottom-up model, various impact categories 
remain unquantified or underrepresented 
in FUND. Moreover, some of the research 
underlying FUND impact estimates naturally 
lags behind current research.

These issues are not excessively problematic 
for the purposes of this study so long 
as the results of FUND’s macroeconomic 
damage estimates are at least directionally 
in line (or at least not markedly out of line) 
with most current thinking with respect 
to likely damages from climate change. 
However, overall FUND damage estimates 
are notably lower than damage estimates 
produced by other similar models (that 
is, PAGE and DICE) over the time horizon 
considered in this report. Possible causes 
of the relatively low damage estimates 
include “missing” damage categories due to 
bottom-up damage functions and optimistic 
assumptions with respect to agricultural 
adaptation and production. Although neither 
of the IAMs is “right”, this discordance calls 
into question the directional validity of FUND 
results, necessitating some supplementation 
and authentication. 

To adjust for these relatively low damage 
estimates (and the uncertainty surrounding 
the output of damage functions), we 
have taken a two-pronged approach 
to supplementation. 
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Figure 24: FUND vs DICE Damage Function Comparison

42 United State Environmental Protection Agency. “The Social Cost of Carbon,” 
available at http://www.epa.gov/climatechange/EPAactivites/economics/scc.html, accessed 26 March 2015.

DICE model:

•	 �Global damage functions for a single 
economic sector.

•	 �Total damages are calibrated to IPCC global 
damage estimates at 3-4 degrees warming.

FUND model:

•	 �Only damage function with sufficient sectoral/
regional detail.

•	 �Total damages low due to agricultural gains and 
reduced heating costs. 

8 8

8 9 1 0 1 1 12 13 14



I N V E S T I N G  I N  A  T I M E  O F  C L I M AT E  C H A N G E   

43 We acknowledge recent critiques of the relatively low severity of the DICE damage function in extremis and the alternatives espoused by Diets and 
Stern (2014) and Weitzman (2012), and as comparatively analyzed by Covington and Thamotheram (2015). However, for the purposes of this study, the 
differences between the DICE damage function and the more recent alternatives out to 2050 were not significant enough to warrant a switch away from 
the more established DICE curve.

First, we have included one scenario in which 
FUND damages are “scaled up” to match 
the estimates from the DICE global damage 
function. Although this on-levelling was 
conducted linearly with no differentiation 
between damage estimates, it nonetheless 
allows us to maintain the benefit of FUND’s 
granularity while observing what damages 
might otherwise look like in a more 
pessimistic scenario.43

Second, to assure a reasonably complete 
assessment of the estimates supplied or 
neglected by FUND, we created a two-tiered 
taxonomy in which the potential physical 
impacts of climate change are categorised 
both by damage type and climate peril/
resource category. Using this taxonomy, 
we were able to determine which damage 
types and climate perils/resources are 
underrepresented by FUND and fill gaps 
where possible. 

In short, FUND’s treatment of damages 
from the physical impacts of climate change 
resulting from extreme weather is very light 
and the only physical impact estimate in 
FUND that accounts explicitly for property 
damage is Extratropical Storms (loss of 
life is also considered). This does not 
paint a full picture of catastrophic climate 

“We developed an objective indexation 

methodology that allowed us to assign 

country-level damage values to areas outside 

of the US using GDP and various relative 

measures of exposure.”
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8 9



M E R C E R  2 0 1 5

44 The term “climate perils” is used herein to refer to any hazard that is influenced by climate conditions and could potentially cause economic damage. 
This term is differentiable from the term “climatological perils” used later on to categorise those physical impacts that are influenced predominantly by 
temperature or precipitation shortfalls or excesses. See table in Appendix 2 section for detail.
45 Guy Carpenter. “Global Warming: The Evolving Risk Landscape,” 2013, available at http://gcportal.guycarp.com/portal/extranet/popup/insights/
reportsPDF/2013/2013%20September%20Climate%20Change%20Report?vid=1, accessed 26 March 2015.
46 Rhodium Group. “American Climate Prospectus: Economic Risks in the United States,” 2014, available at www.climateprospectus.org, accessed 26 March 
2015. 

Rhodium Group. “Technical appendix: Detailed Sectoral Models,” 2014, available at http://rhg.com/wp-content/uploads/2014/10/Appendix-III-Sectoral-
models.pdf, accessed 26 March 2015 (additional detail provided by RMS direct to Guy Carpenter for the purposes of this report).
47 Cost of Carbon Project. “Flammable Planet: Wildfires and the Social Cost of Carbon,” available at http://costofcarbon.org/files/Flammable_Planet__
Wildfires_and_Social_Cost_of_Carbon.pdf, accessed 26 March 2015.
48 Country-level indicators sampled from the ND-GAIN Index (http://index.gain.org/), including 1) projected change of sea level rise impact; 2) coastal 
vulnerable population; and 3) projected change of heatwave hazard.
49 Anthoff D, Tol RSJ. “FUND — Climate Framework for Uncertainty, Negotiation and Distribution: Technical Description (Version 3.9),” 2014, available at 
www.fund-model.org/versions, accessed 26 March 2015.

perils44 or their potential influence on the 
built environment. Flood (both inland and 
coastal) and Wildfire in particular would also 
need to be considered to allow for a more 
comprehensive treatment. Additionally, 
although both Extratropical Storms and SLR 
are considered, the consequences of their 
interaction are not. Finally, the impacts 
of potentially more frequent and severe 
Drought is not considered in the Agriculture 
estimate and several other, albeit auxiliary 
climate perils in terms of aggregate economic 
impact (for example, Tornado/Hail) are 
ignored altogether.

Judging from our direct experience with 
catastrophe risk modelling, knowledge of 
current climate change research, and our 
own analysis of climate change45 to address 
the above mentioned gaps in physical impact 
estimates, we identified out of those perils 
not otherwise quantified by FUND the two 
acute climate-driven risks that we believed 
would have the largest potential impact 
on the economy over the term of interest 
for this study (the next 35 years) — namely 
Coastal Flood and Wildfire. We then identified 
two leading recent pieces of research 
estimating the influence of climate change 
on these two perils in the US and producing 
economic estimates of damage. For Coastal 
Flood, we used the detailed technical results 
developed by RMS for the Risky Business 
Project US national economic climate change 
risk assessment,46 and for Wildfire we used 
the research summary and analysis produced 
by the Cost of Carbon Project in its report, 
Flammable Planet.47 

Using these best-in-class resources and 
their robust economic loss estimates for 
the US, we then developed an objective 
indexation methodology that allowed us to 
assign country-level damage values to areas 
outside of the US using GDP and various 

relative measures of exposure.48 This resulted 
in global economic damage estimates at 
2030 and 2050 for the two perils otherwise 
unquantified by FUND. Appendix 2 includes 
an overall summary of damage estimates at 
2050, including the supplemental damage 
estimates produced exclusively for this 
report. Charts are provided showing detail 
by peril and the aggregate influence of 
Resource Availability versus Physical Impact 
damages (gains) for each scenario. In sum, 
the range of total net damage estimates at 
2050 for the three main scenarios is -0.09% 
(Fragmentation) to -0.20% (Transformation) 
of global GDP. The equivalent number for the 
scaled-up Fragmentation scenario is 1.53% 
of global GDP or US$2.6 trillion.

On the side of FUND validation, we 
conducted a thorough review of the 
FUND technical documentation49 to assess 
the appropriateness of each FUND damage 
estimate in the context of this report. Given 
that Agricultural damages (gains) represent 
~70% of the absolute value of total damage 
estimates produced by FUND at 2050, most 
of our focus for the three main climate 
scenarios, in terms of validation, has been 
on this particular estimate. The result of 
our validation process was to modify the 
agricultural impacts in our investment model 
so that the effects of greater warming 
on agriculture reflect economic damages 
rather than gains.
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S C E N A R I O  1  — 
T R A N S F O R M AT I O N

A  T R A N S F O R M E D  W O R L D

The year is 2050. Investors and governments 
have worked collaboratively and with success 
to mitigate the long-term effects of climate 
change. Action has been decisive, with strong 
private-sector demand for clean energy, 
backed by public and private investment in 
supply. Emissions peaked at 2020, reducing to 
two-thirds of 2012 levels. Energy generation 
via fossil fuels in 2050 has reduced 40% from 
2012 levels. There has been a 90% decrease 
in the emissions intensity of electricity, 
transforming energy supply and usage. 

However, such transformation has not come 
about without a high degree of disruption 
and significant financial cost associated with 
mitigation activities, brought on by earlier and 
higher carbon pricing. Many investors who 
assumed the future would mirror the past 
have missed out on key opportunities and 
some have been left holding on to devalued 
or even valueless “stranded” assets. Annual 
incremental energy efficiency investments 
in transport, industry, and buildings rose by 
approximately US$336 billion. 

•	 �Strong climate action.
•	 �Emissions peaked by 2020 then reduced 

by 56% by 2050 versus 2010 levels.
•	 �Fossil fuels represent less than half of 

the energy mix at 2050.
•	 �Estimated annual emissions of 22 Gt 

CO2e at 2050

•	 IEA 2°C Scenario.50

•	 �IEA World Energy Outlook51 and World Energy 
Investment Outlook52 2014 projections 
extended from 2040 and 2035, respectively.

•	 �FUND damages. 
•	 �Guy Carpenter physical damage supplements.

Yet appreciation of the so-called “social 
cost of carbon” trumped concerns about 
the financial cost of mitigation, in part due 
to engagement by investors with regulators. 
Climate policy and related government 
support provided the critical impetus to 
advance investment in low-carbon power 
sources. Had there been no long-term 
clean energy policy goals and policies kept 
changing, clean energy investment would 
have been hindered. 

This transformed world has come at a lower 
financial cost than expected by investors, 
who were able to benefit from investment 
opportunities in growing sectors, emerging 
markets, and infrastructure to offset losses 
in declining sectors. 

T R A N S F O R M AT I O N 
D E S C R I P T I O N M O D E L S / R E F E R E N C E S

50 International Energy Agency. “Scenarios and Projections,” 2014, available at http://www.iea.org/publications/scenariosandprojections/, 
accessed 2 April 2015. 
51 International Energy Agency. ”World Energy Outlook,” 2014, available at http://www.worldenergyoutlook.org/publications/weo-2014/, 
accessed 2 April 2015.
52 International Energy Agency. “World Energy Investment Outlook,” 2014, available at http://www.iea.org/publications/freepublications/publication/
WEIO2014.pdf, accessed 2 April 2015.

A P P E N D I X  2  —
S C E N A R I O  D E TA I L
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S C E N A R I O  2  — 
C O O R D I N AT I O N

A  W O R L D  O F  A C T I O N 

It’s 2050, but we’ve fallen short of 
the Transformation scenario. Still, 
the world is less volatile than it might 
otherwise have been (see next two 
Fragmentation  scenarios). 

There has been some climate action, 
with investors and governments working 
collaboratively rather than going their own 
way. A range of positive and successful 
climate policy actions have been introduced. 
This has included pricing carbon to reflect 
its ultimate cost — though considerably 
less than for Transformation. Copenhagen 
and subsequent policy pledges were all 
fulfilled by 2030. This provided a strong 
financial imperative, motivating industry 
research and development of alternatives. 
Private-sector demand for clean energy is 
strong in 2050, backed by public and private 
investment in supply. Energy generation via 
fossil fuels has been reduced 25% on 2010 
levels. There has been a 30% reduction in 
greenhouse gases since 2030.

•	 Some climate action.
•	 �Emissions peak after 2030 then reduces 

by 27% versus 2010 levels.
•	 �Estimated annual emissions of 37 Gt 

CO2e at 2050. 

•	 NERA Coordination pathway.
•	 FUND damages.
•	 �Guy Carpenter physical damage supplements.

As predicted in the World Economic Forum 
Global Risks Report 2015, water availability 
has become a major risk for societies and 
investors in 2050. In the worst affected 
regions — the Former Soviet Union (FSU), 
Middle East (ME), and Central Eastern 
Europe (CEE) — water availability is creating 
geopolitical tensions on the back of related 
food security and agriculture issues, further 
compounding the global risks. There is a net 
benefit for forestry in most regions, except 
for Australia, New Zealand and the FSU. 

C O O R D I N AT I O N 
D E S C R I P T I O N M O D E L S / R E F E R E N C E S
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I N V E S T I N G  I N  A  T I M E  O F  C L I M AT E  C H A N G E   

S C E N A R I O S  3  A N D  4  — 
F R A G M E N TAT I O N 
( L O W E R A N D H I G H E R  D A M A G E S)

The year is 2050 and the ability of companies 
to do business is significantly disrupted in 
a challenging physical environment due to 
limited climate action. With hindsight, it is 
clear to see the fault lies in the inability of 
major economies to coordinate and work 
together, and the unwillingness of fossil-fuel-
rich countries to join in mitigation efforts. 

Carbon remained cheap for far too long. High 
reliance on fossil fuels as a primary energy 
source persists, with energy generation via 
fossil fuels in 2050 just 14% lower than 2010 
levels. There has been a 33% increase in 
greenhouse gases versus 2010 levels. Though 
Copenhagen and subsequent policy pledges 
were all fulfilled by 2030, limited action 
took place thereafter. Each major economy 
implemented policy in different timeframes, 
and on an ad-hoc basis. 

The old turn-of-the-century target of 
limiting global warmth to just 2°C by 210053 
is a long-lost hope. The world is almost 2°C 
warmer than in 2010 already. Businesses make 
efforts to realign, but at significant cost, 
much to the consternation of shareholders 
and pension/super-fund members, whose 
dreams of a comfortable retirement are 
challenged by a less-hospitable environment. 

53 Victor DG, Kennel, CF. “Climate policy: Ditch the 2°C warming goal,” Nature: International Weekly Journal of Science, 1 October 2014, available at http://
www.nature.com/news/climate-policy-ditch-the-2-c-warming-goal-1.16018, accessed 2 April 2015.
54 Global Warming: The Evolving Risk Landscape, Guy Carpenter Climate Change Report, September 2013, p.5 and associated press release.

A  F R A G M E N T E D  W O R L D  
L O W E R  D A M A G E S

There is more frequent and intense flooding, 
coastal storm surges, and wildfires, not to 
mention the increasing severity of cyclones/
hurricanes and tsunamis. A higher sea level, 
“the single greatest threat posed by global 
warming,” as noted in a 2013 Guy Carpenter 
report54 on global risk, has become a real 
challenge to overcome, not just another 
potential risk to mitigate. 

A  H O T,  H O T  W O R L D  
H I G H E R  D A M A G E S

Emissions peaked after 2040 and any 
emission reduction in developed markets has 
been offset at a global level by the increase 
of emissions in emerging markets. Estimated 
damages as a percentage of GDP are the 
highest of any of the scenarios (0.80% 
economic loss at 2050 from resources such 
as water) and physical damages from wildfire, 
coastal flooding and extreme temperatures 
as a result of changes in long-term weather 
patterns and flooding due to sea level rise.

•	 �Limited climate action.
•	 �Emissions grew by 33% at 2050 versus 

2010 levels.
•	 �Fossil fuels represent 85% of the energy 

mix at 2050.
•	 �Estimated annual emissions of 67 Gt 

CO2e at 2050.

Lower Damages:

•	 NERA Coordination pathway.
•	 Lower damages (FUND).
•	 �Guy Carpenter physical damage supplements.

Higher Damages:

•	 NERA Fragmentation pathway.
•	 �Higher damages (FUND with DICE damage level).
•	 �Guy Carpenter physical damage supplements.

F R A G M E N TAT I O N 
D E S C R I P T I O N M O D E L S / R E F E R E N C E S
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F U T U R E  PAT H WAY S  O F  T H E 
C L I M AT E  R I S K  FA C T O R S 

What are the future pathways for the 
climate change risk factors: Technology (T), 
Resource Availability (R), Impact of physical 
damages (I) and Policy (P) under each of the 
four climate change scenarios? This question 
is at the heart of what we call “scripting”, 
which is a process to quantify the pathways 
in the investment model to isolate how the 
TRIP factors should generate their relative 
impact through time.

The pathways are based on the 
following  elements:

•	 �The rate of investment required into 
technologies designed to facilitate the 
transition to a low-carbon economy.

•	 �Potential shifts in long-term weather 
patterns and resultant economic impacts 
as a consequence of global warming.

•	 �Potential shifts in the level of economic 
damages caused by shifts in the 
frequency and/or severity of catastrophic 
weather events, such as floods and 
hurricanes.

•	 �The timeframe of CO2 emissions 
peaking, potential changes to the 
energy mix out to 2050, and modelled 
mitigation cost estimates.

Given the limited quantitative evidence 
currently available, information from the 
most relevant sources has been aggregated, 
with thoughtful adjustments where 
necessary. Educated, although ultimately 
subjective assumptions have also been made 
to fill holes in the available data or climate 
modelling when required. 

The charts on the following two pages 
indicate the pathways for the climate change 
risk factors under each of the climate change 
scenarios. The pathways are a translation 
of the scenarios developed (using the 
climate change Integrated Assessment 
Models (IAMs) and literature review) into 
Mercer’s investment modelling process. 
They show the relative magnitude of the 
climate change risk factors to each other 
under the four different scenarios over time. 
For example, if Policy is expected to cause 
economic cost of  US$5 at year-35 of the 
model, and Resource Availability is expected 
to cause economic damage of US$1 at year-
35 of the model, the ratio of their respective 
application in that year should be 5:1. 

9 4
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We can see that the dominant climate change risk factor impact is 
Policy under the Transformation scenario. Investment flows into the 
low-carbon economy — as indicated through the Technology risk factor 
— are also sizable. Policy is clearly connected to the role of Technology. 
The two factors are fairly well linked with technology investment flows 
and are expected to correlate to a large degree with the extent of 
policy interventions, but there may be a decoupling in the future where 
successful new technology is less reliant on policy settings.

Resource Availability and Impact (physical damages) have some influence, 
but the impact is limited for the timeframe of the study. Physical damages 
are expected to be greater beyond 2050.

Policy action is limited under the Coordination scenario. Despite the lack 
of policy intervention, technology innovation attracts investment flows. 
As such, the Technology risk factor is the most significant climate risk 
factor under the Coordination scenario. Policy interventions begin to 
increase towards the end of the projection period. 

Similar to Transformation, Policy and Technology are dominant relative to 
Resource Availability and Impact (physical damages).

Figure 25: Transformation Scenario — 
Pathways of the Climate Change Risk Factors to 2050

Figure 26: Coordination Scenario — Pathways of the 
Climate Change Risk Factors to 2050
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Note that the Technology and Policy pathways are the same for the 
Fragmentation (Lower Damages) and Fragmentation (Higher Damages) 
scenarios as both of these scenarios follow the same GHG emissions 
pathways. The difference between these two scenarios relates to the 
scaled-up level of damages under Fragmentation (Higher Damages), 
which is represented by changes in the two climate change risk factors 
associated with the physical impacts of climate change:

•	 �Resource Availability (the impact on resources, such as water, as a 
result of changes in long-term weather patterns), and

•	 �Impact of physical damages (the impact of catastrophes such as 
flooding caused by sea level rises).

The Resource Availability pathway rises more slowly for Fragmentation 
(Higher Damages) than the other three scenarios between 2015 
and 2030 (recognising that agricultural gains in some regions will 
offset losses during this period), but then rises steeply after 2030 
in recognition of growing resource challenges under this emissions 
trajectory and using a more severe damage function (DICE). In the 
Transformation, Coordination and Fragmentation (Lower Damages) 
scenarios the Resource Availability pathway rises to 2030, but then 
plateaus and declines as potential economic resource gains from 
climate change begin to fall. It would be expected to rise again over 
time as expected economic gains switch to losses. 

Figure 27: Fragmentation (Lower Damages)— Pathways of the 
Climate Change Risk Factors to 2050

Figure 28: Fragmentation (Higher Damages)— Pathways of the 
Climate Change Risk Factors to 2050

Fragmentation (Higher Damages)

0 %

2
0

2
3

2
0

2
5

2
0

2
9

2
0

15

2
0

17

2
0

19

2
0

2
1

2
0

2
7

2
0

3
1

2
0

3
3

2
0

3
5

2
0

3
7

2
0

3
9

2
0

4
1

2
0

4
3

2
0

4
5

2
0

4
7

2
0

4
9

2 0 %
1 0 %

3 0 %
4 0 %

6 0 %
5 0 %

8 0 %
7 0 %

1 0 0 %
9 0 %

2
0

5
0

Fragmentation (Lower Damages)

2
0

2
3

2
0

2
5

2
0

2
9

2
0

15

2
0

17

2
0

19

2
0

2
1

2
0

2
7

2
0

3
1

2
0

3
3

2
0

3
5

2
0

3
7

2
0

3
9

2
0

4
1

2
0

4
3

2
0

4
5

2
0

4
7

2
0

4
9

2
0

5
0

Te c h n o l o g y

R e s o u r c e  A v a i l a b i l i t y  

I m p a c t  ( P h y s i c a l  D a m a g e s )

P o l i c y

Te c h n o l o g y

R e s o u r c e  A v a i l a b i l i t y  

I m p a c t  ( P h y s i c a l  D a m a g e s )

P o l i c y

Source: Mercer

Source: Mercer

9 6M E R C E R  2 0 1 5

8 9 1 0 1 1 12 13 14



D E T E R M I N I N G  T H E  ‘ P ’  A N D  ‘ T ’ 
FA C T O R S

Policy (P) is clearly connected to the role 
of Technology (T). The two factors are fairly 
well linked with technology investment flows 
expected to correlate to a large degree 
with the extent of policy interventions, but 
there may be a decoupling in future when 
successful new technology is less reliant 
on policy settings. The Technology factor 
is material under all four climate change 
scenarios. However, the development 
pathway for Technology remains highly 
uncertain and this factor remains one 
of the most difficult to quantify given its 
complex interaction with mitigation and 
adaptation activities, and uncertainty 
surrounding research and development 
successes or failures.

Transformation 40 90 130 155

Coordination 15 36 105 210

Fragmentation 4 10 21 41

P R I C E  O F  C A R B O N  
( $ U S 2 0 1 3 / T  C O 2)

2 0 2 0 2 0 3 0 2 0 4 0 2 0 5 0

Estimates of the “least cost of carbon” 
offer a relative indicator of the strength of 
the climate polices aimed at reducing GHG 
emissions. In practice, a comprehensive 
climate policy strategy may include many 
targets, mandates, regulations, measures, 
and so on. The specific measures may also 
vary by region, depending on their ambition, 
carbon intensity, and local circumstances. 
Thus, actual policies and measures used may 
not represent the least costly approach, as 
assumed with a carbon price. In this study, we 
have not assessed, nor assumed, the cost-
effectiveness of measures employed. We 
have only sought to reflect the strength of 
the market drivers mobilising economic shifts 
within each scenario.

Figure 29: Carbon Pricing Pathways by Scenario

Carbon Price Curves ($2013/TON CO2E)
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F U T U R E  PAT H WAY S  AT  2 1 0 0

The following pages outline the global and regional changes that could be expected in 2100 with 
the different temperature changes in the climate scenarios we explored. 

55 Victor DG, Kennel, CF. “Climate policy: Ditch the 2°C warming goal,” Nature: International Weekly Journal of Science, 1 October 2014, available at http://
www.nature.com/news/climate-policy-ditch-the-2-c-warming-goal-1.16018, accessed 2 April 2015.

Table 6: Key Physical Impacts of Different Climate Pathways at 210055
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2oC 
global mean surface 
temperature change 
(relative to 1850–1900).

3oC 
global mean surface 
temperature change 
(relative to 1850–1900).

4oC 
global mean surface 
temperature change 
(relative to 1850–1900).

•	 �Sea levels rise by 
around 40 cm.

•	 �20% less water 
availability.

•	 �40% increase in the 
strongest North 
Atlantic cyclones

•	 �Sea levels rise by 
around 50 cm.

•	 �30% less water 
availability.

•	 �Sea levels rise by  
around 70 cm.

•	 �Coastal inundation.
•	 �50% less water 

availability.
•	 �80% increase in the 

strongest North 
Atlantic cyclones.

•	 �Heat waves similar 
to recent years, 
causing heat-
related deaths, 
forest fires, and 
harvest loss.

•	 �Aggregate negative 
impacts on food 
production and 
price stability. 
Individual locations 
will benefit from 
increased yields at 
this temperature.

•	 �Increased chance 
of famine. 

•	 �Potential for 
increased 
agriculture yields 
eroded.

•	 �High temperatures 
and humidity 
compromise normal 
human activities 
(e.g. growing 
food or working 
outdoors).

•	 �Risk to marine 
fisheries poses 
risk of reduced 
food supply and 
employment.

•	 �Low to medium 
risk of decline in 
fish stocks.

•	 �Permanent loss of 
arctic sea ice.

•	 �Very high risk 
of damage from 
wildfires.

•	 �Medium to high risk 
of a decline in fish 
stocks.

•	 �Ocean acidification 
risk to marine 
ecosystems.

Impacts by 2100 Physical systems Human systems Biological systems
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T R A N S F O R M AT I O N :  W H AT  D O E S  A  2 ° C  W O R L D  L O O K  L I K E ?

Europe faces increased economic losses by flooding in river basins and coasts, driven by 
growing urbanisation and coastal erosion. Adding to the strain is the potential for more 
water restrictions, significant reduction in water from groundwater sources and increased 
water demand. Rising temperatures, particularly in Southern Europe, have a negative impact 
on economies and people are affected by extreme-heat events, impacting health and 
labour productivity, crop production, and air quality. However, high adaptation can prevent 
most of the predicted damages in this scenario, particularly by introducing flood protection 
and water- efficiency technologies. Some impacts may be positive, such as reduced cold-
wave risk in winter.

Over the long-term, North America faces high risk at 2°C of wildfire-induced loss of 
ecosystem integrity, property loss, and human morbidity and mortality as a result of 
increased evaporation and temperature trends. This is even with high-adaptation policies in 
place. This adaptation is to some extent constrained by rapid private property development 
in high-risk areas. The general population may experience an impact on public health and 
water quality due  to sea-level rises, extreme precipitation, and cyclones. 

South America faces issues with water availability in regions dependent on glacier melt. 
In Central America, there are concerns of flooding and landslides due to extreme rainfall. 
Without high levels of adaptation, the broader region will suffer from decreased food 
production and quality. 

Asia’s long-term risks include increased river, coastal, and urban flooding, leading to 
widespread damage to infrastructure, livelihoods, and settlement. Large-scale adaptation 
of vulnerable infrastructures — for example, water, energy, and waste management — would 
be required, and would drastically reduce the risks posed. The human impact of extreme 
heat events stands to be high even with concerted adaptation with increased heat-related 
mortality and drought-related water and food shortages causing malnutrition.
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C O O R D I N AT I O N :  W H AT  D O E S  A  3 ° C  W O R L D  L O O K  L I K E ?

Many impacts may be irreversible by 3°C. The impacts described above in Europe, the Americas, 
and Asia stand to be more pronounced than with 2°C warming. Some high-risk impacts, for 
example, increase the risk of drought and higher temperatures in North America bringing even 
greater harm, and significant adaptation efforts would have little effect. South America’s 
food production faces huge risks with current levels of adaptation, although following a path 
of high adaptation could bring these risks down significantly. Asia’s mortality risk from rising 
temperatures is predicted to remain very high even with significant levels of adaptation. 

F R A G M E N TAT I O N :  W H AT  D O E S  A  4 ° C  W O R L D  L O O K  L I K E ? 

Extreme heat waves, that without global warming would be expected to occur once in every 
several hundred years, will be experienced much more frequently. The effects would not be 
evenly distributed. The largest warming would be expected to occur over land, and range 
from  4°C to 10°C. Increases of 6°C or more in average monthly summer temperatures would 
be expected in the Mediterranean, North Africa, the Middle East, and parts of the US. 

Sea-level rise of 0.5–1 metre by 2100 is likely, with higher levels also possible. Some of the 
most highly vulnerable cities are located in Mexico, Venezuela, India, Bangladesh, Indonesia, 
the Philippines, Vietnam, and Mozambique. 

The most vulnerable regions are in the tropics, sub-tropics, and towards the poles, where 
multiple impacts are likely to come together. Agriculture, water resources, human health, 
biodiversity, and ecosystem services are likely to be severely impacted. This could lead 
to large-scale displacement of populations and consequences for human security and 
economic and trade systems.
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