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AMENDED IN COMMITTEE
4/10/13
FILE NO..130123 RESOLUTION NO.

[Urging the Retirement Board to Divest from Fossil Fuel Companies]

Resolution urging the Retirement Board of the Employees’ Retirement System to divest

from publicly-traded fossil fuel companies.

WHEREAS, The Potsdam Institute’s report; “Turn Down the Heat,” has documented a
0.8°C rise in temperature.above preindustrial levels and warns that further warming would
cause “unprecedented heat waves, severe drought, and major floods in many regions;” and

WHEREAS, The. Intergovernmental Panel on Climate Change (IPCC) Fourth
Assessment Report found that global warming is causing costly disruption of human and
natural systems th‘roughout the world including the melting of Arctic ice, the ocean'’s rise in
acidity, flooding and drought; and

WHEREAS, The 2004 Climate Action Plan for San Francisco found that continued
warming of the atmosphere would cause San Francisco to experience flooding, threats to City
infrastructure, the sewage system, Bay Wetlands, and marjne life, as well as increased
asthma and respiratory illness due to higher ozone levels, increased insurance and mitigation
costs, and negative impacts to the ﬁshihg and tourism industries; and

WHEREAS, The San Francisco Bay Conservation and Development Commission’s _
“Living with a Rising Bay” report found that a 55-inch sea level rise by the end of the century-
would cause subs_tantial impacts to San Francisco and California, including: putting $62 billion
of Bay Area shoreline development at risk, increasing the number of people at risk of flooding
in the Bay Area to 270,000; and requiring at least $14 billion worth of static structures-to
protect'CaIifornia’s shorelines; and

WHEREAS, Almost every government in the world has agreed through the 2009 .

Copenhagen Accord that any warming above a 2°C (3.6°F) rise would be unsafe, and that
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humans can only releaée about 565 more gigatons of carbon dioxide info the atmosphere fo
maintain this limit; and

WHEREAS, For the purposes of this ordinance, a “fossil fuel company” shall be defined
as any of the two hundred publicly-traded companies with the largest coa>l, oil, and gas

reserves és measured by the gigatons of carbon dioxide that would be emitted if those

reserves were exiracted and burned, as listed in the Carbon Tracker Initiative’s *Unburnable

Carbon” report; and

: WHEREAS, In its “Unburnable Carbon’; report, the Carbon Tracker Initiative found that
fossil fuel companies possess 'proven fossil fuel reserves that would release approximately
2,795 gigatons of CO2 if they are burned, which is five times the amount that can be released
without exceeding 2°C of warming; and

WHEREAS, In its “Oil and Carbon Revisifed" report, HSBC Global Research found that

- if global policy makers committed to not exceed 2°C of warming, “only a third of current fossil

fuel reserves can be burned before 2050,” which would result in the “potential value (of
publicly traded fossil fuel companies) at risk could rise to 40-60% of market (capitalization);”
and

WHEREAS, [n its “Do the Investment Math: Bui|ding a Carbon-Free Portfolio” report,
the Aperio Group investment management firm found that d_ives_ting all fos_sil fu_el companies
from a broad-market U.S. stock market index such as the Russell 3000 would increase
“absolute portfolio risk by 0.0101%;” and | '

- WHEREAS, The City and County of San Francisco Board of Supervisors adopted
Resolution No. 158-02 comfnitting the City and County of San Francisco to a greenhouse gas
emissions reductions goal of 20% below 1990 levels by the year 2012; and

WHEREAS, Under Resolution No. 158-02, the Mayor and Board of Supérvisors of the

City and County of San Francisco actively support the Kyoto Protocol; and

~ Supervisors Avalos, Mar, Breed

BOARD OF SUPERVISORS . . Page 2
4/10/2013

923




(=] O ~ (&)} ()] EeN w N -

NN NN A AN 4 4 A A s A A
A N W N 2O O © o ~N O O N B N0

WHEREAS,' Under Séction 12.100 of the San Francisco Charter, the Retirement Board
of the San Francisco Employees’ Retirement System (SFERS) “shall have plenary authority
and fiduciary responsibility for investment of monies and administration of the Retirement
System”; and _

WHEREAS, The Retirement Board’s Social Investment Policy states that, “The
relationship of the corporation to the communities in which it operates shall be maintained as
a good corporate citizen through observing proper environmental standards, supporting the '
local economic, social and cultural climate, conducting acduisitions and reorganizatiohs to '—
minimize adverse effects”; and

WHEREAS, Divestment from fossil fuel pompanies is a responsible way for the
Retirement Board to carry out its fiduciary duties and demonstrate leadership in implementing
its Social Investment Policy; and

WHEREAS, Students at more than two hundred colleges and universities in the United

~ States have launched campaigns to have their institutions divest from fossil fuel companies;

now, therefore, be it

RESOLVED, That the Board of Supervisors of the City and County of San Francisco
urges fhe Retirement Board of the San Francisco Employees’ Retirement System (SFERS) to
review the SFERS investment portfoho to identify any holdlngs that include direct or indirect
|nvestments in fossil fuel companies; and be it

FURTHER RESOLVED; That the Board of Supervisors understands that in no way

shall this Resolution or the polici‘es articulated hereunder supersede the Retirement Board’s

fiduciary responsibilities to its members: and, be it

FURTHER RES-OLVEQ, That the Board of Supervisors accepts that by divesting out of

fossil fuel companies the Retirement Board may produce reduced investment returns as a

result and the Board of Supervisors believes that divesting out of fossil fuel companies is an

Supervisors Avalos, Mar, Breed
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acceptable tradeoff for all current and retired City employees who are affected by the

performance of the Retirement System;.and, be it

FURTHER RESOLVED, That the Board of Supervisors urges the Retirement Board to
immediately cease any new investments in fossil fuel companies or in commingled assets that
include holdings in’f_ossil fuel companies; and, be it
| FURTHER RESOLVED, Thét, for any SFERS investments in commingled funds that
are found to include fossil fuel companies, the Board of Supervisors urges the Retirement
Bdard to contact the fund managers and request that the fossil fuel companies be removed
from the funds; and, be it |

FURTHER RESOLVED, That t_he Board of Supervisors urges the Retirement.Board to
ensure that within five years none of its directly held or commingled assets include holdings in’
fossil fuel public equities and corporate bonds as determined by the Carbon Tracker list; and,
be it _

FURTHER RESOLVED That the Board of Supervisors urges the Retirement Board to

prepare a report on options for investing in opportunities that would mitigate or limit the effects

- of burning foss'il' fuels, such as renewable energy, clean technology,'and sustainable

communities, with an emphasis on investments that-would éupport local projects and local
job's; and, be it

FURTHER RESOLVED, That the Board of Supervisors urges the Retirement Board to
release quarterly updates, available té the public, c__ietai[ing progress made towards full

divestment.
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References for File #130123: Resolution Urging the San Francisco Retirement
Board to Divest from Fossil Fuel Companies

The following documents are referenced in Board of Supervisors’ File #130123:
Resolution Urging the San Francisco Retirement Board to Divest from Fossil Fuel
Companies. The relevant excerpts of these documents are collected here for reference,
and the quoted passages are highlighted in yellow.

References:

WHEREAS, The Potsdam Institute’s report, “Turn Down the Heat,” has documented a
0.8°C rise in temperature above preindustrial levels and warns that further warming
would cause “unprecedented heat waves, severe drought, and major floods in many
regions;”

Page 3. “Turn Down the Heat,” The Potsdam Institute
http://climatechange.worldbank.org/sites/defauit/files/Turn Bown the heat Why a 4 d
egree cenirigrade warmer world must be avoided.pdf

WHEREAS, The Intergovernmental Panel on Climate Change (IPCC) Fourth

Assessment Report found that global warming is causing costly disruption of human

and natural systems throughout the world including the melting of Arctic ice, the ocean’s

rise in acidity, flooding and drought;

Page 9. “Fourth Assessment Report,” Intergovernmental Panel on Climate

Change

https://www.ipcc.ch/publications and data/publications ipcc fourth assessment report
synthesis report.htm

WHEREAS, The 2004 Climate Action Plan for San Francisco found that continued
warming of the atmosphere would cause San Francisco to experience flooding, threats
to City-infrastructure, the sewage system, Bay wetlands, and marine life, as well as
increased asthma and respiratory illness .due to higher ozone levels, increased
insurance and mitigation costs, and negative.impacts to the fishing and tourism
industries;

Page 23. 2004 Climate Action Plan for San Francisco _
hitp://www.sfenvironment.org/download/2004-climate-action-plan-for-san-francisco

WHEREAS, The San Francisco Bay Conservation and Development Commission’s
“Living with a Rising Bay” report found that a 55-inch sea level rise by the end of the
century would cause substantial impacts to San Francisco and California, including:
putting $62 billion of Bay Area shoreline development at risk, increasing the number of
people at risk of flooding in the Bay Area to 270,000; and requiring at least $14 billion
worth of static structures to protect California’s shorelines;

Page 27. “Living with a Rising Bay,” San Francisco Bay Conservation and
Development Commission

www.bcde.ca.gov/BPA/LivingWithRisingBay.pdf
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WHEREAS, Almost every government in the world has agreed through the 2009
Copenhagen Accord that any warming above a 2°C (3.6 °F) rise would be unsafe, and
that humans can only release about 565 more gigatons of carbon dioxide into the
atmosphere to maintain this limit;

Page 35. Copenhagen Accord of 18 December 2009
http://unfccc.intfiles/meetinas/cop 15/application/pdf/copt5_cph auv.pdf

WHEREAS, For the purposes of this ordinance, a “fossil fuel company” shall be defined
as any of the two hundred publicly-traded companies with the largest coal, oil, and gas
reserves as measured by the gigatons of carbon dioxide that would be emitted if those
reserves were extracted and burned, as listed in the Carbon Tracker Initiative’s
“Unburnable Carbon” report;

Page 39. “Unburnable Carbon,” the Carbon Tracker Initiative
www.carbontracker.org/wp-content/uploads/downloads/2012/08/Unburnable-Carbon-

Fullt.pdf

WHEREAS, In its “Unburnable Carbon” report, the Carbon Tracker Initiative found that
fossil fuel companies possess proven fossil fuel reserves that would release
approximately 2,795 gigatons of CQO2 if they are burned, which is five times the amount
that can be released without exceeding 2°C of warming;

Page 59. “Oil and Carbon Revisited,” HSBC Global Research

- hitp//www.hsbenet.com/hsbe/research

WHEREAS, In its “Do the Investment Math: Building a Carbon-Free Porifolio” report, the
Aperio Group investment management firm found that divesting all fossil fuel companies
from a broad-market U.S. stock market index such as the Russell 3000 would increase
“absolute portfolio risk by 0.0101%;” _

Page 61. “Do the Investment Math: Building a Carbon-Free Portfolio,” the Aperio
Group investment management firm
https://www.aperiogroup.comy/system/files/documents/building ‘'a carbon free portfolio

0.pdf

WHEREAS, The Retirement Board’s Social Investment Policy states that, “The
relationship of the corporation to the communities in which it operates shall be
maintained as a good corporate citizen through observing proper environmental
standards, supporting the local economic, social and cultural climate, conducting
acquisitions and reorganizations to minimize adverse effects”;

Page 71. San Francisco Employees’ Retirement System (SFERS) Retirement
Board’s Social Investment Policy

http://sfers.org/
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“Turn Bown the Heat,” The Potsdam Instituie ,
hitp:f/climatechange.worldbank.ora/sites/default/files/Turn Down _the heat Why &
4 degree cenirigrade warmer world must be avoided.pdf




THE WORLD BANK

Why a 4°C Warmer World
Must be Avoided

November 2012

A Report for the World Barik

by the Potsdam Institute for
Climate Impact Research and

Climate Analytics-
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This report provides a snapshot of recent scientffic literature-and new analyses of likely impacts and risks that would be asso-
clated with a 4° Celsius warming within this century. It is a rigorous attempt to outling a range of risks, focusing on developing
countries and especially the poot. A 4°C world would be oneof unprecedented heat waves, severe drought, and major floods
inmany regions, with serieus impacts on-ecosystems and dssociated services. But with action, a 4°C world can be avoided

and we can likely hotd warming belew 2°C.

Without further commitments and action to reduce greenhouse
gas emissions, the world is likely to warm by more than 3°C
above the preindustrial climate. Even with the current mitigation
commitments and pledges fully implemented, there is roughly a
20 pércent Iike]_j;hoo_tf of exceeding 4°C by 2100. If they are not
met, a warming of 4°C could occur as early as the 2060s. Such a

warming level and associated sea-level rise of 0.5 to 1 méter, or

mote, by 2100 would not be the end point: a fusther warming to
levels-over 6°C, with several meters of sea-level ose; would likely
occur over the {ollowing centiries.

Thus, while the global commirity has cormitted ftself to
hiplding warming below 2°C to prevent “dangerous” climate
change, and Small Island Developing states {SIDS) and Least
Developed Countries (LDCs) have identified glebal warming of
1.5°C as warming above which there would be serious threats to
their own development and, in some cases, survival, the sum total
of current policies—in place and pledged—will very likely lead to
warrming far in excess of these levels. Indeed, present emission
trends put the world plausibly on a path toward 4°C warming
within the century: ’

This report is ot a comprehensive scientific assessient, as
. will be forthcoming from the Intergovernmental Pane] on Climate

Change. (IPCCY in 2013-14 in its Fifth Assessment Report. It is

focused on developing countries, while recognizinig that developed
countries are-glso vulnerable and at serious risk of major damages
from climate change. A series of recent exireme events worldwide
continue-to highlight the vulnerabilify of not anly the .developing
world but even wealthy industrialized countries.
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Uncertainties remain in projecting the extent of both climate

-change and ifs impacts. We take a risk-based approach in which

ik is defined as impact multiplied by probability: an event with
low probability can still pose a high risk if it implies serious
coTsequences.

No nation will be immune to the Impacts of climate change.
However, the distribution of impacts is likely to be inherently
unequal and tilted against many of the world’s poorest regions,
which have the least econormnic, iustitutional, scientific, and tech-

‘nical capacity to cope and adapt. For example:

« Even though absolute warming will be largest in high latitudes,
the warming that will oceurin the trapics is larger when com-
pared to the historical range of temperature and extremes to
whicly hurmah and natural ecosystems have adapted and coped.
The projected emergence of unprecedented high-temperature
extremes in the tropics will consequently lead to significantly
larger impacts on agricultyure and ecosystems.

e Sea-level rise is likely 1o be 15 to 20 percent larger in the trop-
ice than the global mean.. '

¢ Increases in tropical cyclone intensity are likely to be felt
disproportionately in low-latitude regions.

* Increasing aridity and drought are likely to increase substan-
tially in many developing country regions Jocated in tropical
and subtropical areas.

A world in which warming reaches 4°C above preindustrial
levels (hereafter referred to as a 4°C world), would be one of




TURN DOWN THE HEAT: WHY A 4°C WARMER WORLD

e 31 Median estimates (lines) from probabilistic temperature
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prafections for two non-mitigation emission scenarios (SRES A1Fl and a

reference scenario close to SRESATB), both of which come closeto, o exceed by a substantial margin, 4°C warming by 2100. The results for these

emission scenarios afe compared 10 scenarios in which-cutrent pledges

are met and o mitigation scenarios hoiding warming below 2°C with a.50%

chance or mare. A hypothetical scenario is-also plotted for which global emissions stop in 2018, as an Hlustrafive comparison against pathways that
are technically and economically fegsible. The spike in warming after emissions are cut to zero is due to the removal of the shading efiect of sulfate
aetosols, The 95% uncertainty range {shaded areg) is provided for one scenario only (o enhance readability. See (Rogel] et al., 2010; Hare et A1,

2011; Schaefier et al., 2012) for scenarios and modeling methods.
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unprecedented heat waves, severe drought, and major floads in.
miany regions, with serious impacts on human systems, ecosystemns,
and associated services. _

Warming of 4°C ¢an still be avoided: dumerous studiss show
that there are technically and economically feasible emissions
pathways to hold warming likely below 2°C (Figure 1), Thus the
level of impacts that developing countries and the rest of the world
experience will be a result of government, private séctor; and civil
soclety decisions and choices, including, unfertunately, inaction,

cis &

&,

The unequivocal effects of greenhouse gas emission-induced
change on the climate system, reported by the IPCC’s Fourth
Agsessment Report (AR4) in 2007, have continued to intensify,
more or less unabated:

= The concentration of the main greenhouse gas, carbon diox-
ide (COlj,,; has continued to iricrease from its preindustiial

concentration of approximately 278 parts per million {ppm)
to over 391 ppm in September 2012, with the rate of rise now
at 1.8 ppm per year.

. The present CO, concentration is higher than paleoclimatic
and geologic evidénce indicates has occurred at any time in
the last 15 million vears.

Emissions of CO, are, at present, about 35,000 milifon metrie
tons per year-{including land-use change) and, absent further
policies, are projected 1o rise 10 41,000 million metric tons of
CO, per year i1 2020, '

Global mean temperature has continued to increase and is
now about 0.8°C above preindustrial levels,

A global warming of §.8°C may not seem large, but many
climate change iinpacts have alféady started to emerge, and the
shift from (0.8°C to 2°C warming or beyond will pose even greater
challenges. It is also useful to recall that a global mean temperature
increase of 4°C approaches the difference between temperatures
today and those of the last ice age, when much of central Europe
and the northern United States were covered with kilemeters of ice

. 6
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There is a growing and well-decumented body of evidence regarding observed changes in the climate system and impacts
that can be attributed to himan-induced climate change. What foliows is a snapshot of some of the most important observa-
tions, For a fulf overview, the reader is referred to recent comprehensive reports; such as State of the Climate 2017, published
by the American Metrological Society in cooperation with National Oceanic and Atmospheric Administration (NOAA) (Blunden
&t al, 2012),

In order to investigate the hypothesis that atmospheric CO, con-
centration influences the Earth’s elimate, as proposed by John
Tyndall (Tyndall 1861), Chailes D. Keeling made systematic mea-
surements of atmospheric CO, ernissions in 1958 at the Mauna Loa
Observatory;, Hawaii (Keeling et al. 1976; Pales & Keeling 1965).
Located on the slopé of a velcano 3,400 m abové sea level and
remote from external sources and sinks of carbon dioxide, the site
was identified as suitébTeforlong—term measurernents (Pales and
Keeling 1965), which continue to the present day. Results show
an increase from 316 ppm (parts per million) in March 1958 to.

391 ppm in September 2012. Figure 1 shows the measured catbon

dioxide data (red curve) and the anniial average CO, concentrations
in the period 1958-2012. The seasonal.oscillation shown on the red
curve reflects the. growth of plants in the Northern Hemisphere,
which store more CO, during the boreal spring and summer than
is. respired, effectively taking up carbon fiom the atmosphere
(Pales and Keeling 1265). Based on ice-core measurements,® pre-
industrial CO, concentrations have been shown to have beén in
the range of 260 to 280 ppm (Indermiihle 1999). Geological and
paleo-climatic evidence makes clear that the present atmospheric
CQ, concentrations are higher than at any time-in tife last 15 mil-
lion years (Tripati, Roberts, and Eagle 2009).

Since 1959, approximately 350 billion mietric tons of carbon
{or GAC)® have been ernitied thrcugh human actvity, of which 55

%: Awmospheric CO, concentrafions at Mauna Loa
Observatory.
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2 The reporr addpts 1750 for defiring GO, soucentrations, For global mean tem-
perature pre-industrial 1s defined as from mid-19" centuty.

3 Different conventlons afe used are used ir the science and poliey communities.
When discussing CO, emissions it is very common to refer to CO , ernissions by (he
weight of carbon—a3.67 mefrie tons of CO, contains. 1 tmetric ton of cazbon, whereas
when CO, equivalent emissions are discussed, the CO, (not carbon) equivalent is
almiost universally used, In this case 350 billion metric wons af carbion Is equivalent
70 1285 billion metric tons of GO,
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éggé:é’“ﬁ‘:: Glabal CO, {2) and tofal greenhouse gases (b) hisloric (solid ines) and projected (dashed lines) emissions. CO, data source:
PRIMAP4BIS® baseline and greenhouse gases data source: Climate-Action Tracker®, Global pathways include emissions from international transport.
Pledges ranges 'in {b).consist of the current best estimates of pledges put forward by couritries and range. from minimum ambifion, unconditionat

pledges, and lefiient rulss to maximum ambition, conditional bledges, and more strict rules.
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percent has been taken up by the peeans and lanid, with the rest
remaining in the atmosphere (Ballantyne et al. 2012). Figure 22
shows that CO, emissions are Tising, Absent further policy, global
C0, emissions (including etnissions related to deforestation) will
reach 41 billion metric tons of CO, per year in 2020, Total green-
house gases will rise to 56 GtCO,e* in 2020, if no further climate
-action is taken between now and 2020 (in 3 “business-as-usual”
scenatio).-If current pledges are fully implemented, global total
greenhouse gases emissions in 2020 are likely to be between 53
and 55 billion metric tons CO,e per year {Figure 2b).

The Fourth Assessment Report [(AR4) of the Intergovernmental
Panel on Climate Change (IPCC) found that the rise in global mean
temperature and warriiing of the climate system were “anequivo-
cal. " Furthermere, “most of the observed increase in global average
temperature since the mid-20™ century is very likely due to the
observed increase [n anthropegenic greenhouse gas congentra-
tions™ (Solemon; Miller et al. 2007}, Recent work reinforces this
conclusion, Glebal méan warming is now approximately 0.8°C
above preindustrial levels.’ ’
The emergerice of a robust warming signal over the last three
decades- js very clear, as has been shown in a number of studies.
For example, Fosterand Rahmstorf (2011) show the tlearsignal that

emerges afier, removal of known factors that affect short-term temapera-
ture varfations. These factors include solar variability and voleanic
aerosol effects, along with the Fl Nifio/Southern oscillation events
(Figure 3). A-suite of studies, as reported by the [PCC, confirms that
the observed warming cannot be explained by natural factors alone
and thus carn largely be athibuted to anthropogenic influence (far
example, Santer et al 1995; Stott et al. 2000). In fact, the IPCC (2007)
states that during the last 50 years “the sum of solar and volcanic
forcings would likely have produced cooling, not warnuing”, a result
which is confirmed by more recent work [Wigley and S‘énter 2012).

15 Sion

While the warming of the suxface temperature of the Earth is perhaps
ore of the most noticeable changes, approximately 93 percent of
the additional heat absorbed by the Earth system resulting from
an increase in greenhouse gas concentration since 1955 is stored

4 Total greenhouse gas emissions (CO,e) are calculated by multiplying emissions

of each greenhoust gas by its Global Warming Potential [CWPS), a measure that

cormpares the integrated warming effect of greenhouses to a common base {carbon

dioxide) on a.specified time horizan, This feport applies 100-year GWPs from IPCC's
Second Assessment Repott, to be consistent with countries reporting national com-

_munications to-the UNFCCC,

5 Bee HadCRUT3v: http://www.Crin.uea.acuk/cru/data/temperaturé/ and (Jones
et al. 2012). .
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2. "Fourth Assessment Report,” Intergovernmental Panel on Climate Change (IPCC) |
hitps:/ww.ipee.ch/bublications. end data/publications .ipce. fourth assessment re
port synthesis report.htm

Synthesis Report

An Assessment of the Intergovernmental Pariel on Climate Change

This. underlyifig report, adopted Sectior by section at IPCC Plenary XXVil (Valencia; Spain, 12-17 November 2007),
represents the formally agreed statement of the IPCC concerning keyfindings and uncertainties corttained in the Working
-Group coniributioris to the Fourth Assessment Report.

Based.on a draft prepared by:

Caore Writing Team

Lenny Bernsfein, PeterBosch, Dsvaldo Canziani, Zhenlin Chen, Renate Christ, Ogunlade Davidson, William Hare, Saleemuf
Hug, David Karoly, Viadimir Kattsov, Zbigriew Kundzewicz, Jian Liu, Ulrike Lehmann, Martin Manning, Taroh Matsuno,
Betiting Merire, Bert Metz, Monirul Mirza, Neville Nicholls, Leonard Nurse, Rajendra Pachauri, Jean Palutikof, Mariin
Parry;. Dahe. Qin, Nijavalii Ravindranath, Andy Reisinger, Jiawen Ren, Keywan Riahi, Cynthia Rosenzweig, Matilde
Rusticued, Stephen Schneider, Youbd:Sokona, Susan Solomon Peter. Stott, Ronald Stouffer, Taishi. Sugiyama, Rob-Swart,
Dennis Tirpak, Coleen Vogel, Gary Yohe

'Exte_n_'ded Wr[tmg Team

Terry Barker '

Review Editors

Abdelkader Allali, Roxana Bojariu, Sandra Diaz, Ismail Elgizouli, Dave Griggs, David Hawkins, Olav Hohmeyer,
Bubu Pateh Jallow, Lucka KajfezBogataj; Neil Leary, Hoesung Lee, David Wratt
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Climate change and its impacts in the near and
iong term under different scenarios
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Topic 3 Climate change and its impacts in the near and long term under different scenatios

Scenarios for GHG emissions from 2000 to 2100 in the
ahsence of additional climate policies

200

There is high agreement and much evidence® that with cur-
rant climate change mitigation policies and related sustain- 180 [ smuwwnen B i

. post-SRES range (80%) fpost-SRES (max)

able development practices, global GHG emissions will con- s ANT s

tinue fo- grow over the next few decades. Baseline. emis- 60 %B 4

sions scenarios published since the IPCC Special Report s AD . f

on Emissions Scenarios (SRES, 2000) are comparable in 1401w ATFL 7 P

range to those presented in SRES (see Box on SRES sce-

h - 1
narios and Figure 3.1).7° jwem 1.8, 3.2, SPU} 20

‘The SRES scenarios project an increase of baseline global GHG 100
emissions by 2 range of 9.7 to 36.7 GtCO,-eq (25 to 50%) between
2000 and 2030. In these scenarios, fossil fusls are projected to
maintain their dominant pesition in the global energy mix to 2030
and beyond. Henge CO, emissions from energy use between 2000
and 2030 are projected to grow 48 to 110% over that period. (WGH/

80
80

40 ¢

Globaj GHG emissions (Gt COg-eq/ yr)

13, spmj I

Studies published since SRES (i.e. post-SRES scenarios) have 20 PostSRES(min) T
used lower values for some drivers for emissions, notably popula- o . . . | ) . . L
tion projections, However, for those stadies incorporating these new 2000 3020 2040 5060 2080 5100

population projections, changes in other drivers, such as-economic Year
growth, result in little change in overall emission levels. Economic
growth projections for Africa, Latin America and the Middle East
to 2030 in post-SRES baseline scenarips are lower than in SRES,
but this has only minor effects on global economic growth and over-
all emissions. (WOJH 3.2, TS.3, SPM]

Acrosols have a net cooling effect apd the representation of
acrpsol and aerosol precursor emissions, including sulphur diox-
ide, black sarbon and organic-carboii. has improved in the post-
SRES scenarios. Generally, these emissions are projected to be lower

Figues 3. 1. Global GHG emissions (in GICO,-eq per year) in the absence of
additional cfimate policies: six illusirative SRES marker scenarios (coloured
fines) and 80" percentile range of recent scenarios published since SRES
{posi-SRES) (gray shaded area). Dashed Iiﬁes s‘how the full range of post-
SRES scenatios. The emissions include CO,, CH,, N0 and F-gases. {WGH!
1.8, 3.2, Figure SPM.4}

Purchasing Power Parity; PPP) does not appreciably affect the pro-
jected emissions, when Used consistently.”” The differences, if any,

than reported in SRES. (WG 3.2, 7S.3, S5¢M]
Available siudies irdicate that the ehoice of exchange rate for
Gross-Domestic Product (GDP) (Market BExchange Rate, MER or

are small compared fo the uncertainties caused by assumptions on
other parameters in the scenarios, e.g. technological change. [WGIl/
3.2, TS.3, SPM)

SRES scenarios

SRES refers to the scenarios described in the [PCC Special Report on Emissions Scenarios (SRES, 2000). The SRES scenarios are
groliped into four scenatio families (A1, A2, B1 and B2) that expiore alfernative development pathways, covering a wide range- of
demiographic, econaemiic:and technological driving forces and resulting GHG emissions. The SRES scenarios do not include additiona
climate policies above surrent ones. The emissions projestions are widely used in the assessments of future dlimate change, and their
underlying assumptions with respect 1o sccio-gconomice, demographic and technological change serve as inputs to many recent climate
chahge vuinerabiiity and impact assessments. (WGI 10.1; WGIt.2.4; WG TS:1, SPMf
The Al storyline assumes a world of very rapid economic growth, a global popuiation that peaks in mid-century and rapid introdug-
tion of mew and more efficient technologies. At is divided info three groups that describe slternative directions of technological change:
fossil intensive (A1F), non-fossil energy resources (A1TY and a balance across all sources {A1B). B describes a corvergent world,
with the same giobal population &g A1, but with more rapid changes in economic struchures toward a service and information economy.
B2 describes a world with intermediate population and economic growth, emphasising focal solutions to economic, social, and environ-
mental sustainability. A2 describes a very heterogeneous world with high population growth, slow economic development and sfow
technological chiange. No iikelihood has been attached to any of the SRES secenarios. (WG TS.1, SPM)

? Agreement/evidence statements in italics represent calibrated expréssions of uncertainty and confidence. See Box 'Treatrnent of uncertzinty’ in the Intro-
duction for an explanation of these terms.

" Baseline scenarios do not inclyde additional elimate policies above current ones; more recent studies differ with respect to UNFCTCC and Kyoto Protocol
inglusion. Emission pathways of mmgaucn scenarios are discussed in Topie 5.

1 Since the TAR, there has been a debate an the use of different exchange rales in emissions soenarios. Two metrics arg used to compare GDP between
couritries. Use of MER is preferable for analyses involving intemationally traded products. Use of PPP is preferable for analyses involving comparisons of
income between countries at very différent. stages of development. Most of the monetary units in this report are expressed in MER. This reflects the large
majority of emnissions mitigation literature that is calibrated in MER, When monetary units are expressed in PPP, this is denoted by GDP e {WGIH SPM}

44 ' 11
937



Tepic 3

Climate change and its impacts iry the near and long ferm under different scenarios

For the next two decades a warming of about 0.2°C per de-
cade Is projected for a range of SRES emissions scenarios.
Even if the concentrations of all GHGs and aerosols had
been kept constant at year 2000 levels, a further warming of
about 0.1°C per decade would be expected. Afterwards, tem-
perature projections increasingly depend on specific emis-
sions scenarios {Figure 3.2). (W6 16,3, 10.7: WG 2.2}

Since the IPCC’s fisst report in 1990, assessed projections have
suggested globalaveraged temperaturd increascs between about 0,15
and 0.3°C per decade from 1990 to 2005. This can.now be-com-
pared with observed values of about 0.2°C per decade, strengthén-
ing confidence i near<term projections. (WGI 1.2, 3.2

Coritinued GHG emissionis at or above current rates would
cause further warming and induce many changes in the glo-
bal climate system during the 21 century that would very
fikefy be larger than those chserved during the 20™ century.
WGl 10:3)

Advances in climate change modelling now cnable best esti-
mates and [ikely assessed uncertainty ranges to be given for pro-
jected warming for different emissions scenarios. Table 3.1 shows
best estimates and likely ranges for global average surface air warm-
ing for the, ix SRES marker emissions scenarios (including: cli-
mate-carbod cycle feedbacks). (WGI 10.5)

Althongh these projections are broadly consistent with the span
quoted in the TAR (1.4 to 5.8°C), they are not dirsctly comparable.
Assessed upper ranges for tempsrafure projections are larger than
in the TAR mainly because the broader range of models now avail-
able suggests stronger climate-carben cycle feedbacks. For the A2
scenario, for example, the climate-carbon cycle feedback increases
the corresponding global average warming at 2100 by more than
1°C. Carbon feedbacks are discussed in Topic 2.3. [WGI 7.3, 10.5,
SPs)}

Becanse understanding of some important effects driving sea
Tevel rise is too limited, this report does not aggess the Hkelihoad,
rior provide a best cstimate or an vpper bound for sea level xise.
Model-based projections of global average sea level fise at the end
of the.21% century (2090-2099) are shown in Table 3.1. For each
scenario, the mid-point of the range in Table 3.1 is within 10% of
the TAR model average for 2090-2099. The mmcc'

thimgy a1 iy 14K MAJ.,»' g ._,i 3
some uncertaintics in the projected contributions.® The sea level
projections do not include uncertainties in climate-carbon cycle
feedbacks nor do they include the full effects of changes in ice
sheet flow, because a basis int published lterature is lacking, There-
fore the upper values of the ranges given are not to be considered
upper bounds for sea level rise. The projections include a contribu-
tion due to increased ice flow from Greenland and Antarctica at the
rates observed for 1993-2003, but these flow rates conld increase
or decrease in the future, If this contribution were to grow linearly
with global average temperature change, the wpper ranges of sea
level rise for SRES scenarios shown in Table 3.1 would increase by
0.1 to 0.2m.3 [WGI 10.6, SEM) '

Table 3.1. Frojected global average surface.warming and sea level risé at the end of the 2% century. {WGI 10.5, 10.6, Table 10.7, Table SPM.3)

Constant year 2000 .

concentrations® 0.6 0.3-09 Not available

B scenario 18 11-29 0.18 - 0.38 T
A1T stenario’ 2.4 1.4-38 0.20 -.0.45

B2 scenario 2.4 1.4-3.8 0.20 - 0.43

A1B scenario 2.8 17-44 0.21 - 048

A2 scenario 3.4 2.0-~5.4 0.23 ~ 0.51

A1Fl scenario 4.0 24-64 0.26 - 0.59

Notes:

&) These estimates aré assessed from a hierarcty of mpdels that encompass a stmple climate model, several Earth Models' of Intermediate
Compléxity, 2nd & large number of Aimosphere-Ccean General Circulation Models (AOGCMs) as well as observational constraints.

b

~

Year 2000 constant composi’uon ig derived from AOGCNs only,

¢) All scenarios zbove are six SRES marker scenarios. Approximate. o -eq concentrations corresponding to the computed radiative forcing due to
anthropegenic GHGs and asrosols in, 2100 (SPe p. 823 of the WGI TAF() for the SRES B1, AT, B2, A1B, A2 and A1F! illustrative miarker scenariog

are about 600, 700, 800, 850, 1250 and 1550ppm, respectively.

dy Temperaiure changes are expressed as the diffefence from the period 1980-1999. To express the change relative 1o the period 1850-1899 add

0.5°C,

“TAR projections. were mads for 2100, whereas the projections for this réport are Jor 2090—2099 The TAR would have had samﬂar ranges to those in

Table:3.1 if it tad tredted unceftainties in the same way
¥ For discussian of the longer term see Sections: 3.2.8 and 5.2,
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Climste change and its impacts in the near and Johg fern under different scenarios

3.2.2 21¢ century regional changes

There is now higher confidence than in the TAR in projected
patterns of warming and other regidnal-scale features, in-
cluding changes in wind patterns, precipitation and sofne
aspects of extremes and sea ice. {WGI 8.2, 8.3, 8.4, 8.5, 9.4, 9.5,
10.3, 11.1} '

Projected warming in the 21¥ century shows scenario-indepen-
dent geographical patterns similar to thoss observed over the past
several decades. Warming is expeeted to be greatest over land and
at most high northern latitudes, and least over the Souther Ocean
{near Antarctica) and northern North Atlanti¢, continuing recent
obgerved trends (Figure 3.2 right panels). (WG 10.3, SPM}

Snow sover area is projected to contract. Widespread increases
in thaw depth are projected. over most permafrost regions. Sea ice
is projected to shrink in beth the Arctic and Antarctic under all
SRES scenarios. In some projections, Arctic late-summer sea ice
disappears almost entirely by the latterpart of the 21 century. {WGf
I6.3, 0.6, SPM; WGII 15.3.4) :

It is very likely that bot ektrefiies, heat waves and heavy pre-
cipitation events will become more frequent. JSYR Tuble 3.2; WGI
10.3, 5PM)

Based on z range of models, it is fikefy that future tropical cy-
clones' {typhoons and hurricanes) will become more interise, with
larger peak wind speeds and more: heavy precipitation associated
with ohgoing increases of tropical ssa-surface temperatures, There,
is less-confidence in projections of a global decrease in numbers of
woptcal cyelones. The apparent increase in the proportion of very

intense storms since 1970 in some regions is-thuch larger than simu-
lated by current models for that period. (WGT 3.8, 9.5, 10.3, SPM)

Extra-tropical storm tracks are projected to move poleward, with
cohsequent changes in wind, precipitation and temperature patterns,
continuing the broad pattern of observed trends over the last half-
century. {WGI 3.6, /0.3, SPM)

Since the TAR fhere is an improving understanding of projected
patterns of precipitation. Increases in the amount of precipitation
are very likely in high-latitades, while decreases are [ikely in most
subtropical land regions {by as much as about 20% in the A1B sce-
nario in 2100, Figure 3.3), continuing observed patterns in recent
trends. (WGI 3.3, 8.3, 9.5, 10.3, 1£.2-11.9, SPM}

3.2.3 Changes beyond the 21 century

Anthropogenic warming and sea level tise would coniinus
for centuries due o the time scales-assoclated with climate
processes and feedbacks, even if GHG concentrations were
o be stabilised. (WGI 10.4, 10.5, 10.7, SPM)

¥ radiative forcing were to be stabilised, keeping all the radia-
tive forcing agents constant at B1 or A1B Jevels in 2100, model
expertments show that a further increase in global average tem-
perature of -about 0.5°C would still be expected by 2200, In-addi-
tion, thermal expansion alone would lead to 0.3 w 0.8 of sea
Tevel rise by 2300 (relative to 1980-1999). ‘Thermal expansion would
continue for miany centuries, due to the time required to transport
Heat inte the deep ocean. (WG 10.7. SPM]

Atmosphere-Geean General Circulation Medel projections of surface warming
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Figure 3.2, Left panet: Solid lines are multi-model global averages of surface warming (relativa to 1980- 1999) for the SAES scenarios A2, A1B and B1,
shown as conlinuations of the 20" century simutations. The orange line is for the experiment wheré concentratiohs were held constant at year 2000 values.
The bars in the middie of the figure indicate the best estimate {solid line within each har} and the likely range assessed for the six SRES marker scenarios
at 2090~2099 relative io 1980-1999. The assassment of the best estimate and likely vanges in the bars includes the Atmosphere-Ocean General Circulation
Models (AOGCMs) in the feft part of the figure. as well as resufis from a hierarchy of independent models and observational constraints.
Right panels: Projected surface temperature changes for the early and lafe 217 century relative to the period 1980-1999. The panels show the mult-AOGCM
average projections for the A2 (top), A1B (middle) and B1 (bottom) SRES scenarios averaged over decades 2020-2029 {lsft) and 2080-2099 {right). (WG!

10.4, 10.8, Figures 10.28, 10.29, SAM)}
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Topiz 3 Climate change and its ivpacts in the near and iong fernt under dlfferent scenarios

Wiult-model prejecied patierns of pregipitation changes

0 4 wh
2 &

Figure 3.3. Relative changes In precipitation (in percent) for the period 2080-2088, refative fo 1980-1998. Values are multi-model averages based on the
SRES A1B scenario for December to February flefi) and June o August fright). White areas are where less than 66% of the models agree in the sign of the
charnge and stippled areas are where more than 90% of the models agrse in the sign of the change. (WG! Figure 10.8, SPM}

Contraction of the Greenland ice sheet is projected to continue
0 contribute {0 sea level rise after 2100, Current models suggest
ice mass losses mcrease with temperature more rapidly than gains

could increase the vulnerability of the ice sheefs to wanming, in-
creasing futurs sea level rise. Understanding of these processes is
Tirited and there is no consensus on their magnitude. (WGI 4.6, 10.7,

SeM}
Current global model studies profect that the Antarctic ice sheet
. will remain too cold for widespread surface melting and gain mass
due to increased snowfall. However, net 1oss of ice mass could ac-
cur if dyrigmical ice discharge dominafes the ice sheet mass bal-
ance. [WGT 10.7, SPM}

Both past and future. anthropegenic CO, emissions will con-
‘tmue to contribute to warming apd sea level rse for more thin a
miflenniam, dug to the time scales tequired tor the removal of this
gas from the atmosphere, WGT 7.3, 10.3, Figure 7.J2, Figure 1035, SPM)

Estimated long-term (nulti-century) warming corresponding to
fhe six AR4 WG I stabilisation categories is shown In Figure 3.4,

due to increased precipitation and that the swface mass balance
becomes negative (net ice loss) at a global average warming (rela-
tive to pre-industrial values) in excess of 1.9 to 4.6°C. K such a
negative surface mass balance were sustained for millennia, that
would lead to virtually complete elimination of the Greenland ice
sheet and a resulting contribution to sea level rise of about 7m. The
gorresponding fuiture temperatures in Greenland (1.9 o 4.6°C glo-
bal) are comparable to those inferred for the 1ast interglacial period
125,000 years ago, when palaeoclimatic information suggests re-
ductions of polar land ice exfent and 4 ip 6m of sea level rise. (WGF
6.4, 10.7, SPM}

‘Dynamical processes related to ice flow — which are ot in-
cluded in current models but suggested by recent observations —

Estimated multi-century watrming refative to 1980-1999 for AR4 stabilisation categories

) i 8.6°C
g Gk i
. vl _ - 2 e
s
. S =
i . =
} &
0 1 2 i 4 5 6 °C

Global average temperature ehangs relative to 1980-1999 (°C)

Figure 3.4. Estimated Jong-term (mulil-cenlury) warming corresponding to the six AR4.WG i stabilisation categories (Table 5.1). The temperature scale has
beern shified by -0.5°C comparéd to Table 5.1 o accourt-approximately for the warming betwsen pre-industrial. and 1980-1999. For most stabilisation levels
global average temperature Is approaching the eguilibrium level over a few centuries. For GHG emissions scenarios that lead 1o stabllisation at levels
comparable to SRES-81 and ATB by 2100 (600 and 850 ppm CO,-eq; category IV and V), assessed models project that about 65 fo 70% of the estimated
Global equiiibrivey fernperature increass, assuming a climate sensifivity of 3°C; would be reallsed at the lime of stabilisation. For the much lower stabilisation
-scenarios {category | and i, Figure 5.1), the equilibrium temperature may be reached earlier. {WGI 10.7.2)
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Climaie change and its impacts in the near and long tarm under different scenarios

3.3 Impacts of future climate changes

More specific information is now available across a wide
range of systems and sectors concerning the nature of fu-

ture impacts, including some fields not covered in previous '

assessmenis. {WGIf T5.4, SPM}

The following is a selection of key findings™* regarding the
impacts of climate change on systems, sectors and regions, as well
as some findings on vulnerability’s, for the range of climate changes
projected over the 21% century. Unless otherwise stated, the confi-
dence level in the projections is high. Global averags temperature
increases are given relative to 1980-1999. Additional information
on impacts can be found in the WG II report. {WGIT SPM)

3.3.1 Impactis on systems and sectors

Ecosystems

@ The resilience of many ecosystems is likely to be exceeded this
. century by an unprecedented combination of clirnate change,
associated disturbances (e.g. flooding, drought, wildfire, insects,
ocean acidification) and other global change drivers (e.g. land-
use change, pollution, fragmentation of natural systems, over-
exploitation of resources). NPGH 4.1-4.6, SPM}

& Over the course of this century, net carbon uptake by terresteial
ecosystems is likely to peak before mid-century and then weaken
or even reverse't, thus amplifying climate change. (WGI 4.ES,
Figure 4.2, SPM)

¢ Approximately 20 to 30% of plant and animal species assessed
so far are likely to be at increased risk of extinction if increases
in global average temperature exceed 1.5 t0-2.5°C (medium con-
fidence). (WGII 4.ES. Figure 4.2, SPM}

@ For increases in global average température excéeding 1.5 to
2.5°C and in concomitant atmospheric CO, concentrations, there

are projected to be major changes in ecosystem structure and

function, species’ ecological interactions and shifts in species’
geographical ranges, with predominantly negative consequences
for biodiversity and ecosystem goods and services, e.g. water
and food supply. {WGI 4.4, Box TS.6, SPM}

Food

@ Crop productivity is projected to increase slightly at mid- to
high latitudes for local mean temperature increases of up to 1
"to 3°C depending on the crop, and then decrease beyond that in
some regions (imedium confidence). (WGII 5.4. SPM)

& At lower latitudes, especially in seasonally dry and tropical
regions, crop productivity is projected to decrease for even small
local temperature increases (1 to 2°C), which would increase
the risk of hunger (medium confidence). (WGII 5.4, SPM}

@ Globally, the potential for food production is projected to in-
crease with increases in local average temperature over arange

of 1 to 3°C, but above this it is projected to decrease (medium
confidence). {WGII 5.4, 5.5, SPM]

Coasts

@ Coasts are projected to be exposed to increasing risks, includ-
ing coastal erosion, due to climate change and sea level rise.
The effect will be exacerbated by increasing human-induced
pressures on coastal areas (very high confidence). (WGII 6.3, 6.4,
SPM)

o By the 2080s, many millions more people than today are pro-
jected to experience floods every year due to sea level rise. The
numbers affected will be largest in the densely populated and
low-lying megadeltas of Asia and Africa while small islands
are especially vulnerable (very high confidence). (WGII 6.4, 6.5,
Table 6.11, SPM]

Industry, settlements and society

¢ The most vulnerable industries, settlements and societies are
generally those in coastal and miver flood plains, those whose
economies are closely linked with climate-sensitive resources
and those in areas prone to extreme weather events, especially
where rapid urbanisation is ocowrring. (WG 7.1, 7.3, 7.4, 7.5,
SPM) ’

e Poor communities can be especially vulnerable, in particular
those concentrated in high-risk areas. {WGII 7.2, 7.4, 5.4, SPM/

Health

¢ The health status of millions of people is projected to be af-
fected through, for example, increases in malnutrition; increased
deaths, diseases and injury due to extreme weather events; in-
creased burden of diarrhoeal diseases; increased frequency of
cardio-respiratory diseases due to higher concentrations of
ground-level ozone in urban areas related to climate change;
and the altered spatizl distribution of some infectious diseases.
{WGI 7.4, Box 7.4; WGI 8.ES, 8.2, 8.4, SPM]}

e Climate change is projected to bring some benefits in temper-
ate areas, such as fewer deaths from cold exposure, and some
mixed effects such as changes in range and transmission poten-
ttal of malaria in Africa. Overall it is expected that benefits will
be outweighed by the negative health effects of rising tempera-
tures, especially in developing countries. /WGI 8.4, 8.7, 8ES, SPM]

¢ Critically important will be factors that directly shape the health
of populations such as education, health care, public health ini-
tiatives, and infrastructure and economic development. [WGI!
8.3, SPM}

Water

e Water impacts are key for all sectors and regions. These ate
discussed below in the Box ‘Climate change and water’.

' M Criteria of choice: magnitude and timing of impact, confidence in the-assessment, representative coverage of the system, sector and region.
* Vulnerability to climate change is the degree o which systems are susceptible to, and unable 1o cape with, adverse impacts.
% Assuming confinued GHG emissions at or above current rates and other global changes Including land-use changes.
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Climate change and water

Climate change is expected 1o exacerbate clreht siresses on water resources from popuilation growth and.sconomic and land-uss
change, including urbanisation. On & regional scale, mountain snow pack, glaciers and small ice caps play a crucial role in freshwater
availabiity. Widespread mass losses from glagiers and reductions in snew gcover aver recent decades are projected to accelerate
throughout the 21+t ceniury, reducing water availability, hydropower potential, and changing seasonality of flows in regions supplied by
meltwater from major mountain ranges {&.g. Hindu-Kush, Himalaya, Andes), where more than one-sixth of the world population cur-
rently lives. {WGI 4.1, 4.5; WGH 3.3, 3.4, 3.5}

Changes in precipitation (Figure 8.3) and temperature {Figure 3.2) lsad fo changes in runoff (Figure 3.5) and water -availability.
Runoff is prejected with Aigh confidence to increase by 10 to.40% by mid-century at higher latitudes and in some wet tropical areas,
including populous areas in East and South-East Asia, and decrease by 10 1o 30% over some dry regions-at mid-latitudes and dry
fropics, due to decreases in rainfall.and higher rates of evapatranspiration. There is also high confidence that many semi-arid areas
{e.g. the Meditertanean Basin, western United States, southern Africa and north-eastern Brazil) will :suffer a decrease in water re-
sources due to climate change. Drought-affected areas are projected o ificrease in extent, with the potential for adverse impacts on
multiple sectors, e.g. agriculture, water supply, energy production and healfh, Regionally, large increases in irrigation water demand as
a result of climate chanqes are pro;ected WG 10.3, 71.2-11.0: WGII 3.4, 8.5, Figure 3.5, TS.A4.1, Box TS.5, SPM)

soe a reduclion in ihe value of the services provided by water resources (very fiigh corfigence.
lmpacts of Increased annual runoff in some areas are /ikely to be tempered by negative effects of increased precipitation variability and
seasonal runoif shifts on water supply, water quality and flood tisk. (WGH 3.4, 3.5, TS.4.1)

Available research suggests a significant future increase in heavy rainfall events in many regions, including some in which the mean
reinfall is projected to dacrease. The resulting increased flood risk poses challenges to.society, physical infrastructure and water quality.
It is fikely that up to 20% of the world popuiation will live. in areas where river flood potential could increase by the 2080s. Increases in
the frequency and severity of floods and droughts are projected to adversely affect sustainable development. Increased temperatures
will further affect the physical, chemical and biclogical properties of freshwater lakes and rivers, with predominantly adverse impacts on
many individual freshwater species, sommunity corposition and water quality, In coastal areas, seg level rise will exacerbate water
resource constrajnts due 1o increased salinfsation of groundwater supplies, WG/ 17.2-11.9; WGH 3.8, 3.3,-3.4, 4.4}

Projections and model consistency of relative changes In runoff by the end of the 24st century

J
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Figure 3.5, Large-scale relative changes in ahaual runoff fwater avallablilty, in percent) for the period 2090-2098,. relative to 1880-1899. Values
represent the median of 12 climate modsls using ithe SRES A1B scenario. White areas are where less than 56% of the 12 models agres on the sign of
change and haiched areas are where more than 90% of models agree on the sign of change. The guality of the simulation of the obssrved large-scale
26" century runoff is used as a basis for selecting the 12 models from the multi-model ensemble. The global map of anaual runoff iffustrates 2 large
scale and is not intended to refer fo smaller temporal and spatial scales. In areas where rainfall and runctf is very low {e.g. desert areas), small changes
in runoff can lead to large percentage changes. In some regions, the sign of projected changes in runoff differs fram recently observed irends. In some
arsas with projscted increases in runoff, different seasonal effects are expected, such as increased wet season runoif and decreased dry season
runoff, Studies using results from few climate models can be considerably-different from the resulls presented here. (WG Figure 3.4, adjusied to match
the assumptions of Flgure SYR 3.3; WGIl 3.3.1, 3.4.1, 3.5.1}
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Studies since the TAR have enabled more systematic un-
derstanding of the timing and magnitude of impacts related
to differing amounts and rates of climate change. {waGn sPup

Examples of this new information for systerns and sectors are
presented in Figure 3,6. The upper panel shows impacts increasing
with increasing temperature change. Their estimated magnitude and
timing is also affécted by development pathways (flower panel).
{WGII SPM] '

Depending on circumstances, some of the impacts shown in Fig-
ure 3.6 could be associated with ‘key vulnerabilities’, based on a num-
ber of criteria in the literature (magnitnde, timing, persistence/
reversibility, the potential for adaptation, distributional aspects, likeli-
hood and ‘importance’ of the impacts) (see Topic 5.2). (WGH SPM}

3.3.2

Africa

Impacts on regions'

e ' By 2020, between 75 and 250 million of people are projected -

to be exposed to increased water siress due to climate change.
[WGIT 9.4, SPM}

@ By 2020, in some countries, yields from rain-fed agriculture
could be reduced by up to 50%. Agricultural production, in-
cluding access to food, in many African countries is projected
to be severely compromised. This would farther adversely af—
fect food security and exacerbate malnutrition. /WGI 9.4, SPM)

@ Towards the end of the 21* century, projected sea level rise
will affect low-lying coastal areas with large populations. The
cost of adaptation could amount to at least 5 to 10% of GDP.
{WGII 9.4, SPM}

e By 2080, an increase of 5 to 8% of arid and semi-arid land in
Africa is projected under a range of climate scenarios. (high
confidence). {WGII Box T5.6, 9.4.4}

Asia

® By the 2050s, freshwater availability in Central, South, East
and South-Bast Asia, particularly in large river basins, is pro-
jected to decrease. fWGII 10.4, SPM)

® Coastal areas, especially heavily populated megadelta regions
in South, East and South-East Asia, will be at greatest risk due
to increased flooding from the sea and, in some megadeltas,
flooding from the rivers. {WGH 10.4, SPM) '

& Climate change is projected to compound the pressures on natu-
ral resources and the environment associated with rapid
urbanisation, industrialisation and economic development. /WGl
104, SPM]

& Endemic morbidity and maortality due to diarthoeal disease pri-
marily associated with floods and droughts are expected to rise
in East; South and South-East Asia due to projected changes in
the hydrological cycle. (WGH 10.4, 5PM]

Australia and New Zealand

¢ By 2020, significant loss of biodiversity is projected to occur
in some ecologically rich sites, including the Great Barrier Reef
and Queensland Wet Tropics. {WGII 11.4, SPM}

® By 2030, water security problems are projected to intensify in
southern and eastern Australia and, in New Zealand, in
Northland and some eastern regions. fWGI 1.4, SPM])

s By 2030, production from agriculture and forestry is projected
to decline over much of southern and eastern Australia, and
over parts of eastern New Zealand, due to increased drought
-and fire. However, in New Zealand, initial benefits are pro-
jected in some other regions. (WGIT 7114, SPM]

® By 2050, ongoing coastal development and population growth
in some areas of Australia and New Zealand are projected to
exacerbate risks from sea level rise and increases in the sever-
ity and frequency of storms and coastal flooding. (WGIT /1.4,
SPM}

Europe

& Climate change is expected to magnify regional differences in
Europe’s natural resources and assets. Negative impacts will
include increased risk of inland fiash floods and more frequent
coastal flooding and increased erosion (due to storrniness and
sea level rise). /WG 12.4, SPM) '

® Mountainous areas will face glacier retreat, reduced snow cover
and winter tourism, and exiensive species losses (in some areas.
up to 60% under high emissions scenarios by 2080). /WGIT 12.4,

" SPM} ' :

& In southern Europe, climate change is projected to worsen con-
ditions (high temperatures and drought) in a region already vul~
nerable to climate variability, and to reduce water availability,
hydropower potenttal, summer tourism and, in general, crop
productivity. (WG 12.4, SPM}

e (Climate change is also projected to increase the health risks
due to heat waves and the frequency of wildfires. /WGII 12.4,
SPM)

Latin America

¢ By mid-century, increases in temperature and associated de-
creases in soil water are projected to lead to gradual replace-
ment of tropical forest by savanna in eastern Amazonia. Semi-
arid vegetation will tend to be replaced by arid-land vegeta-
tion. [WGIT 13.4, SPM].

& There is a risk of significant biodiversity loss through species
extinction in many areas of tropical Latin America. (WGII 13.4,
SPM}

e Productivity of some important crops is projected to decrease
and livestock productivity to decline, with adverse consequences
for food security. In temperate zones, soybean yields are pro-
jected to increase, Overall, the number of people at risk of han-
ger is projected to increase (medium confidence). (WG 13.4,
Box 78.6)

® Changes in precipitation patterns and the disappearance of gla-
ciers are projected to significantly affect water availability for
human consumption, agriculture and energy generation. WGl
134, SPM} '

* Unless stated expliciily, all entries are from WG [l SPM Itex't. and are either vary high confidence or high confidence statements, réﬂecting different sectors
(agriculture, ecosystems, water, coasts, heatth, industry and settiements). The WG [l SPM refers to the source of the statements, timelines and tempera-
tures. The magnltude and fiming of impacts that will ultimately be realised will vary with the amount and rate of climate change, emissions scenarios,

development pathways and adaptation.
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Examples of impacts associated with global average temperature change
{lepacts will vary by extent of adaptation, rate of femperature change and socic-economic pathway)

Giobal average annual temperature change relative to 1880-1939 (°C)
o 1 2 3 4 5°C

increased water availability in moist tropics aid high latitudes. s o= m cx e o= s o i s e sl WG 8.409, 343
WATER Decieasing water avallability and increasing drought I mid-latitudes and semi-arid low latitudes we mm s Bt | 3.ES, 3.4.1, 34.3

-Huridreds of millions of people exposed to Increased water 5t7ess wm mm wn o ww wo o ou = . oo e ?SSQ'STSS 20.6.2,

e LD 10 30% of species at ngnif'itant" extinctions o1 4, ES, 4.4.11

increasing risk of extinction, around the globe
) ) i T4.1, F44, B4,
Increased coral bleaching === Most corals bleached === Widespread coral mOrtality sm s sme s war me o me =l | 5 4 1 5,65, B8.1

g / i Tetrestrial blosphere tends toward anet carbon source as: 4ES, T4.1, F4.2,

ECOSYSTEMS ~759% s ~40% of ecosystems affected B | F4.4

422 441,444
5,4.4.8, 4418,

H

increasing species range shifis and wildifire risk

Erosysien o
overturning ci

18.3.5

ges due 1o weshening of tie mendional wem g
ulation ,

Complex, localised negative impacts on smalt holders, subsistence farmers and fishers we o o = oew e e} 5.ES,54.7
Tendencies for cereal productivity Productivity of all cereals mm w= .M 5.ES,64.2,F5.2

FOOD 1o decrease in low latitudes decreases In lov latitudes
Tendencdiesfor some cereal productivity, Ceres! productivity to 4.0 5.2
toincrease at mid- to high latitudes decrease In some-regians 5ES,542.F52

increased damage from floods and Storms. s me mw mw mm om o o mr m o= m e s e e e e

A-wb%ut1 30% ot; »
abdl coastal mm mm mm wm— o . -3 | 64,
COASTS e\re{lands‘ lost*

Milljons more people Could eXPENIENCE . o e s e wem o= | 76,6, F5.8, TS.B5
coasta! floading each year TR T

6.ES, 6.3.2, 6:4.1,
.42

Increasing burden from malnutritipnydiarrhéeal', cardio-respiratafy-and infectious diseases = = v

Increased morbidity and mortality from heat-waves, loods and drolghs === — i —' o "'»'_-' g

HEALTH

Changed distribution of some disease vecétors we = e T e e e o e ] | BES, 8.2.8, 8.
S'L(i?stanflal-'buxden on health services, s we-Bel| g 5 1

0 1 2 3 4 5°C
1 Significant fs defined here as more than 40%.  # Based on average rate of sea Jevel tise of 4.2mm/year from 2000 fo 2080.

.Warming’ by 20002099 relative to 1980-1999 for hon-mitigation scenarios

i, 8.4°C
A At & & 5.4°C.,
A1B —— G
K g
B ]
0 1 2 i 3 4 5°C

Figure 3.6. Examples of impacts associated with global average temperature change. Upper panef: ltusteative examples of global impacts projected for
climate changes { nd sea level and atmospheric CO, where relevant) associated with different amounts of increase in global average sutface lemperature
in the 2% cenhiry. The black lines fink impacts; broken-line arrows indicate impacts continuing with increasing temperature. Entries- are placed so thal the
iefi-hand side of text indicates the approximate level of Wafming that is associated with Fie anset of a given jmpact. Quantitative enties for water Scarclly and
flooding represent the additional impacts of ciimatée change relative 1o the conditions projected across the range of SRES scenarios A1FR, A2, B1 and B2,
Adaptation to. climate, ehangs s not included in these estimalions. Confidence levels for all statements are high. The upper right panel gives the WG It
references for thé statements made in the upper left. panel Lower panel: Dois and bars indicate the best estimate and \ikely ranges of warming assessed
forthe six SAES- marker stenafios for 2090-2099 refatlve to 7980-1899: {WGI Figure SPM.5, 10.7; WGH Figure SPM.2; WG Table TS.2, Table 3.10}

"Where ES = Executive Sumrmary, T = Table, B = Box and F = Figure. Thus. B4 5 indicates-Box'4.5 in Chapler 4 and 2:5.1 indicates Séction 3.5.1 in Chapter 3.
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North America

. @ Wamming in western mountains is projected to cause decreased

snowpack, more winter flooding and reduced summer floiws,

- exacerbating competition for over-allocated water resources.
{WGIT 14,4, SPM)

o In the early decades of the century, moderate climate change is
projected 10 increase aggregate yields of rain-fed agriculture
by 5 to 20%, but with important variability among regions. Ma-
jor challenges are projected for crops that are near the warm
end of their suitable range or which depend on highly utilised

- water resources. {WGIT 144, SPM}

& Cities that carrently experience heat waves are expected to be
further challenged by an increased number, intensity and duara-
tion of heat waves during the course of the century, with poten-
tial for adverse health impacts. /WG 14.4, SPM}

e Coastal communities and habitats will be increasingly stressed

* by climate change impacts interacting with development and
pollution. (WGIT 14.4, SPM]

Polar Regions

e The main projected biophysical effects are reductions in thick-
ness and extent of glaciers, ice sheets and sea ice, and changes
in natural ecosystems with detrimental effects on many organ-
isms including migratory birds, mammals and higher predators.
[WCGH 154, SPM)

® For human communities in the Arctic, impacts, particularly those
resulting from changing snow and ice conditions, are projected
to be mixed. (WGII 154, SPM/

@ Detrimental impacts would include those on infrastructure and
traditional indigenous ways of life. (WGII 154, SPM]

@ In both polar regions, specific ecosystems and habitats are pro-
jected to be vulnerable, as climatic barriers o species invasions
are lowered. {WGH 15.4, SPM}

Small Islands

e Sealevel rise is expected to exacerbate inundation, storm surge,
erosion and other coastal hazards, thus threatening vital infra-
structure, setflements and facilities that support the livelihood
of island communities. [WGIT 16.4, SPM/

® Deterioration in coastal conditions, for example through ero-
sion of beaches and coral bleaching, is expected to affect Jocal
resources. [WGIT 16.4, SPM}

¢ By mid-century, climate change is expectcd to reduce water
resources in many smalf islands, e.g. in the Caribbean and Pa-
cific, to the point where they become insufficient to meet de-
mand during low-rainfall periods. (WGII 16.4, SPM]

¢ With higher temperatures, increased invasion by non-native
species is expected to occur, particularly on mid- and high-lati-
tude islands, /WG 16.4, SFM}

3.3.3 Especizally affected systems, sectors and regions

Some systems, sectors and regions are fikely to be espe-
cially affected by climate change.® {WGI 75.4.5}

Systems and sectors: {WGIT T5.4.5)
& particular ecosystems:

- terrestrial: tundra, boreal forest and mountain regions be-
cause of sensitivity to warming; mediterranean-type ecosys-
tems because of reduction in rainfall; and tropical rainforests
where precipitation declines '

- coastal: mangroves and salt marshes, due to multiple stresses

- marine: coral reefs due to multiple stresses; the sea-ice biome
because of sensitivity to warming

® water resources in some dry regions at mid-latiudes® and in
the dry tropics, due to changes’in rainfall and evapotranspira-
tion, and in areas dependent on snow and ice melt

¢ agriculture in low latitudes, due to reduced water availability

e low-lying coastal systems, due to threat of sea level rise and
increased risk from extreme weather events

& human health in populations with low adaptive capacity.

Regions: {WGII TS.4.5]

e the Arctic, because of the impacts of high rates of projected
warming on natural systems and human communities

e Africa, because of low adaptive capacity and projected climate
change impacts

e small islands, where there is high exposure of population and -
infrastructure to projected climate change impacts

@ Asian and African megadeltas, doe to large populations and
high exposure to sea level rise, storm surges and river flooding.

Within other areas, even those with high incomes, some people
(such as the poor, young children and the elderly) can be particu-
larly at risk, and also some areas and some activities. {WGI[ 7.1, 7.2,
74, 82, 84, TS4.5)

3.34 Ocean acidification’

The uptake of anthropogenic carbon since 1750 has led to the
ocean becoming more acidic with an average decrease in pH of 0.1
units. Increasing atmospheric CO, concentrations lead to further
acidification. Projections based on SRES scenarios give 2 reduc-

‘tion in average global surface ocean pH of between 0.14 and 0.35

units over the 217 century. While the effects of observed ocean acidi-
fication on the marine biosphere are as yet undocumented, the pro-
gressive acidification of oceans is expected to have negative im-
pacts on marine shell-forming organisms (¢.g. corals) and their de-
pendent species. (WGI-SPM;: WGII SPM}

3.3.5 Extreme events

Altefed frequencies and intensities of extreme weather, to-
gether with sea level rise, are expacted to have mostly adverse
effects on natural and human systems (Table 3.2). (waGw sPip

Examples for selected extremes and sectors are shown in Table 3.2.

15 [dentified on the basis of expert judgement of the assessed literature and constdenng the magnitude, tlmmg and projected rate of climate change,

sensitivity and adaptive capacity.
¥ Including arld and semi-arid regions.
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Talsle 3.2. Examples of possible impacts of climate shange due.fo changes in extreme weather and climate avents, based on projections io the
mig~ fo late 21 century. These do not take into accaunt any changes or developiments in adaptive capacity. The fikelihood estimates in columa two
relate to the phenomena listed in columr one, (WGl Table SPM. 1}

Over most land
argas, warmer and
fewer cold days
and nights, warmer
and more frequent
hot days and nights

Warm spellsfheat

land areas

Heavy precipiiation
events. Frequency
increases over most
areas

Arega affecled by
drought increases

Intense tropical
cyclone activity
increases

1 of extreme high .
sea-level (excludes:
isunamis)®

Increéised incidsnce. |

Virtually
certain®

Very fikely

Very likely

Likely

4

Likely

Increased yields in
colder environments;
decreased yields in
warmer envircoments;
increased insect
outbreaks

Reduced yields in
warmear redicns

WS 1 hiest an
mcreased danger of
wildfire

Damage to crops;
soil erosion, inabifity
to cultivate land due
to waterlogging of
soils

Land degradation;
lower yiglds/crop
damage and failure;
increased livestock
deaths; increased
risk of wildfire

Damage {o crops:
windthrow (uprooting)
of trees; damage to
coral reefs

Salinjsation of

.irrigation water,
_ estuaries and fresh-
: water systeims

Effects on water

resources relying on
snowmslt; effects on
some water supplies

increased water

2.g. algal blooms

Adverse effects on
quality of surface
and groundwater;
contamination of
water supply, waier
scarcity may be
relisved

More widespread
water stress

Power outages
causing disruption
of public water supply

Decreased fresh-
water availability due

to saltwater intrusion

Reduced human

maortality from
decreased cold
exposure

Increased risk of
heat-refated

for the elderly,

chronically sick,
very young and
socially isolated

Inereased risk of
deaths, injuries and
infectious, respiratory
and skin diseases

Increased risk of
food and water
shortage; increased
risk of malnuirition;
increased risk of
water- and food-
borne diseases

Increased rigk.-of
deaths, injuries,
waler- and food-
borne diseases;
post:traumatic

stress disorders

Incredséd risk of
deaths and injuries

by drowning in floods;
-migration-related

health effects

-population migration

.by private insurers; potential

relocation; poteritial for

Reduced energy demand for
heating; increased demand

for cooling; declining air quality
in cities; reduced disruption to
transport due to snow, ice;
effects on winter iourism

Reduction in quality of life for
peupie {11 warn aregs withoul
2pproorRle Nou
on the elderly, very young and
poor

Disruption of settiements,
commerce, fransport and
societies due 1o flooding:
pressures on urban and rural
infrastruciures; loss of property

Waler shortage for setflements,
industry and societies;
reduced hydropower generation
potentials; potential for

Disruption by flood and high
winds; withdrawal of risk
coverage in vulnerable arsas

for population migrations; loss
of property

Gosts of coastal protection
versus costs of land-use

movernent of populations and
infrastructure; also see tropical
cyclones above

Notes:

2) See WGI Table 8.7 for furthet deta:ls regarding definifions,
b) Warming of the most extreme days and nights each yeatr.
c) Exireme high $ea.level cepends on average sea leval and on regional weather systems. It Is defined as the highest 1% of hourly values of observed
sea level at a station for'g given reference period.
d) In all scenarios, the projected global average sez level at 2100 is Higher than in.the refefence period. The effect of changes | in. regional weather
systerns on sea level extremes has not been assessed. {WG! 10. 6)

Anthropogenic warming could lead to soma impacts that
are abrupt or irreversible, depending upon the rate and
magnitude of the ¢limate change. /WG 12.5, 19:3, 184, SPI}

Abrupt climaté change on decadal time scalés. is normally
thought of as involving ocean circiilation changes. In addition on

longer time scales, ice sheet and ecosystem chariges may also play
a role. If a large-scale -abrupt climate change were to ocour, its bm-

pact coudd be quite high (see Tapic 5.2). (WGI &7, 10.3, 10.7; WG

44, 193]

20
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Partial logs of ice sheets on polar land and/or the thermal ex-
pansion of seawater over very long time scales could imply metres
of sea level rise, major changes in coastlines and imundation of
low-lying areas, with greatest effects in river deltas and low-lying
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islands. Current models project that such changes would occur over
very long time scales (millenmial) if a global temperature increase
" of 1.9-to 4.6°C (selative to pre-industrial) were to be sustained.
Rapid sea level rise on century time scales cannot be excluded.
[SYR 3.2.3; WGI 6.4, 10.7; WGII i9.3, SPM]

Climate change is fikely to lead to some irreversible impacts.
There is medium confidence that approximately 20 to 30% of spe-
cies assessed so far are likely to be at increased risk of extinction if
Increases in global average warming exceed 1.5 to 2.5°C (relative
to 1980-1699). As global average temperature increase exceeds
about 3.5°C, model projections suggest significant extinctions (40
to 70% of species assessed) around the globe. (WG 4.4, Figure SPM.2)

54

Based on current model sinulations, it is very likely that the
meridional overtuming circulation (MOC) of the Atlantic Ocean
will slow down during the 21* century; nevertheless temperatures
in the region are projected to increase, It is very unlikely that the
MOC will undergo a large abrupt transition during the 21%century.
Longer-term changes in the MOC cannot be assessed with confi-
dence. (WG 10.3. 10.7: WGII Figure, Table TS.5, SPM.2}

Impacts of large-scale and persistent changes in the MOC are
likely to include changes in marine ecosystem productivity, fisher-
ies, ocean CG, uptake, oceanic oxygen concentrations and terres-
trial vegetation. Changes in terrestrial and ocean CO, uptake may
feed back on the climate system. {WGII 12.6, 19.3, Figure SPM.2)
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3. 2004 Climate Action Plan for San Francisco
htip:/iwww.sfenvironment.ora/download/2004-climate-action-plan-for-san-francisco .
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Global Warniing is real. The world’s leading climate scientists agree that human behavior is accelerating
global warming, and that the garth is already suffering the impacts of the tesulting climate change.

Climate change will affect San Francisco. It is a global problem with local impacts. Rising
temperatures, rising sez level, and more frequent El Nifio storms conld seriously threaten the City’s
infrastructure, economy, health, and ecosystems with impacts such as:

VAGE 3Y 1 % 3
Iness due fo higher ozone

— b
£
]

evels
» Threatened Bay wetlands and marine life’
+ Pishing.and tourism industry impacts, high insurance and mitigafion costs

We have a responsibility te act. San Francisco is responsible for about 9.7 million tons of CO,
emissions per year. In 2002, tlie San Francisch Board of Supetvisors passed the Greenhouse Gas
Emissions Reduction Resolution, committing the City and County of San Francisco to a greenhouse gas
emissions reductions goal of 20% below 1990 fevels by the year 2012. The resolution also states that the
Mayor and Board of Supervisors actively support the Kyoito Protooo], and cails upon national leaders to
do so as well, Federal inaction makes state and local action all the more important. The dewdlgpresiteft
this Climate Aetion Plan, called for in the.fesolution, describes wiat Sem Franciseo can do in order to
achieve our greenhouse gas reduction goal.

San Francisco has joined with over 500 cities around the world to participate in the Cities for Climate
Protection (CCP) campaign, sponsored by the Iriternational Council for Local Environmental Initiatives
{ICLEI). As part of the campaign, meinber cities have commifted to: inventory their emissions of
greenhouse gases; set reduction targets; develop comprehensive strategies to meet these targets;
implement these emissions reductiori actions; and measure the-fesults, The ctiteria set by the CCP
campaign have been used to define the scope and presentation of this Plan.

The ChHmate Action Plan
+ Provides background information on the causes of climate change and projections of its impacts on
California and San Francisco from recent scientific reports:
» Presents estimates of San Francisco’s baseline greenhouse gas emissions inventory and reduction target;
+ Describes recommended emissions reduction actions in the key target sectors - transportation, energy
efficiency, renewable energy, and sold wasgte management — to meet our 2012. goal; and
» Presents next steps required over the near term to implement the Plan.

24 Climate Action Plan
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Climate Change: Causes and Impacts

Chimate change is both a global and Iocal phenomenon. The Intergovermmental Panel on Climiate Change
{(IPCC), reports that temperatures and sea level are rising at the fastest rate in listory, and ate projected to
continue rising (2-10 degrees Fahrenheit temperatute rise, 4-36 inches sea-level rise over the next 100
years). This trend, sometimes referred to as “global warming,” is seriously impacting water resources,
acosystems, human health, and the econonty.

Hipman and Cultural Causes of Climate Change

Human behavior Is accelerating climate change. The release into the attnosphere of carbon dioxide (CQ;) from
the burning of fossil fuels in power plants, buildings and vehicles, the loss.of carbon “sinks™ due to
deforestation, and methane emitting from landfills are the chief human causes of climate changs. These
emissions are referred to collectively as “greenhouse gases™ (ghgs).

The United States has the highest per capita emissions of ghgs in the world-22 tons of CO, per person
per year (see figure ES.1). With only five percent of the world's population, the United States is
respousible for 24 percent of the world’s CO, emiSsions.

California, despite its strong environmental regulations, i8 the second largest gréenhouse-gas poltuting state in
the nation, and emits 2% of global human-generated emissions. Its largest contribution of CG, is from vehicle
emissions. Clearly, more needs to be done. California has much to lose if clirnate change is not abated.

figure £S.1 - Por Capita €O, Emissions 2001

22.2

Tons #CO, per Person

us World

Average

Comspption ax
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San Francisco, as a coastal city surrounded an three sides by water, is extremely vulnerable to climate’
change. It is further at risk because the City depends on the Sierra snow pack for its water supply and for
hydroelectric power. Actording to ajoint study by the Union of Concerned Scientists and Ecological
Society of America, some of the possible effects of climate change on San Francisco afe:

» Sea-level tise may threaten coastal wetlands, infrastructure, and property.
+ Increased storm activity together with sea-level rise could increase beach erosion and cliff undercutting.
* ‘Warmer tetnperatures and more frequent storms due to Bl Nifio will bring mere rain instead of snow

~ )
PO WIS T

i i uh..uu% S ‘L...LL:,)

* Decreased summer runcff and warming ocean temperatures will affect salinify, water circulation, and
mutrients in the Bay, possibly leading to complex changes in marine life.

Such dramatic changes to San Francisco’s physical landscape and ecosystem will be accompanied by
financial and socia] impacts. Tourism would suffer, as would San Francisco’s fishing industry and the
regional agricultural industry, which is expected to be greatly disrupted by a warmer climate. Food costs
would rise, preperty damage' would be more prevalent, and insurance rates would increase accordingly.

The City’s roads, pipelines, transportation, underground cables and sewage systems could be severely
stressed or overwhelmed if rare instances of flooding or storm damage become common pccurténces.
Low lying areas such as San Francisco International Airport, built-on a wetland, would be at high risk in
the face of a rising sea level.

The environment plays a large role in some diseases carried by insects. War: mmg could make tick-borne
Lyme disease more prevalent and could expand the range of mosquito-borne diseases such as West Nile
virus. Another threat to the health of San Francisco residents i$ air pollution cansed by higher
temperatures and increaséd ozone levels. Neighborhoods in the Scutheast of the City, where asthma and
respiratory illness are aiready at hiigh levels, would be especially at risk:

whates o Curb Climale Change

The United Nations Framework Cenvention on Climate Change (UNFCC) process is comprised of 150
participating countries. As of Jurie 2003, 110 countries had ratified the Kyoto Protocol, agreeing to targets and
timelines for reducing their gree_hhquse gas emissions, The United States signed? but has not ratified the protocol.

Californiz has set specific targgts for reducing greenhouse gas emissions produced in the state.

« Senate Bill 1078 (Sher, 2002) set 2 Renewable Portfolio Standard (RPS) which tequires electricity

providers to increase purchases of renewable energy resources by 1% per year until they have attained

a portfolio of 20% renewable resources.

26 Climate Action Plan
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4. “Living with a Rising Bay,” San Francisco Bay Conservation and Development
Commission

www.bedc.ca.gov/BPA/LivingWithRisingBay.pdf

STAFF REPORT

Living with a Rising Bay:
Vulnerability and Adaptation in
San Francisco Bay and on its

| Shoreline

Approved on
_ October 6, 2011

SAN FRANCISCO BAY CONSERVATION AND DEVELOPMENT COMMISSION
: 50 California Street, Suite 2600
San Francisco, CA 94111
Information: (415) 352-3600
Fax: (415) 352-3606
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habitat and water quality, maintaining flood protection, and providing public shoreline access.
Shoreline vulnerability assessments can help government agencies and the public understand
how existing planning and management challenges will be exacerbated by climate change and

assist in developing strategies for dealing with these challenges.

The Vuinerability Assessment

Two sea level rise projections were selected as the basis for the vulnerability assessment in
this report: a 16-inch (40 cm) sea level rise by mid-century and a 55-inch (140 cm) rise in sea
level by the end of the century. When BCDC initiated its effort to amend the Bay Plan to address
climate change in 2009, the State of California was still in the process of formulating statewide
policy direction for adapting to sea level rise. In 2010 the Coastal and Ocean Working Group of
the California Climate Action Team (CO-CAT) developed a Sea Level Rise Interim Guidance
document that advises the use of projections (relative to sea level in 2000) for the state that
range from 10 to 17 inches by 2050, 17 to 32 inches by 2070, and 31 to 69 inches at the end of the
century (based on work by Vermeer and Ramstorf, 2009}. This document was endorsed by a
resolution of the California Ocean Protection Council in 2011. The projections used in BCDC'’s
report fall within the ranges suggested by the CO-CAT's Sea Level Rise Interim Guidance
document. The CO-CAT has recognized that it may not be appropriate to set definitive sea level
rise projections, and,_based on a variety of factors, state agencies may use different sea level rise
projections. Although the CO-CAT values are generally recognized as the best science-based sea
level rise projections for California, scientific uncertainty remains regarding the pace and
amount of sea level rise. Moreover, melting of the Greenland and Antarctic ice sheets may not
be reflected well in current sea level rise projections. The interim guidance will be updated
consistent with the National Academy of Sciences sea level rise assessment report, expected in

2012, and other forthcoming studies.

Using the two sea level rise projections, the vulnerability assessment focused on three
planning areas or systems: shoreline development, the Bay ecosystem, and governance. Key
sectors within each system, such as land uses or subregions of the Bay, were used to assess their

sensitivity, adaptive capacity and, ultimately, their vulnerability.

1. Sho}eline Development

Residents, businesses and entire industries that currently thrive on the shoreline will be at
risk of flooding by the middle of the century, and probably earlier, if nothing is done to protect,

elevate or relocate them. A 16-inch rise (relative to sea level in 2000) would potentially expose -
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281 square miles of Bay shoreline to flooding, and a 55-inch rise would potentially expose 333
square miles to flooding. If no adaptation measures were taken, a 55-inch rise in sea level would
place an estimated 270,000 people in the Bay Area at risk from flooding, 98 percent more than
are currently at risk. The economic value of Bay Area shoreline development (buildingsand
their contents) at risk from a 55-inch rise in sea level is estimated at $62 billion—two-thirds of
all the estimated value of development vulnerable to sea level rise along California’s entire
coastline. In those areas where lives and property are not directly vulnerable, the secondary and
cumulative impacts of sea level rise will affect publichealth, economic security and quality of
life. Additionally, changes in climate may cause increased storm activity, which in combination
with higher sea level, may cause even greater flooding,. It is expected that extreme storm events

will cause most of the shoreline damage from flooding.

Shoreline development located in an area potentially exposed to a 100-year high water event
in-2000 could be potentially exposed to regular tidal inundation by mid-century, not taking
existing and planned shoreline protection into account. Approximately half of that development
is residential, totaling 103 square miles. Over 128 square miles of residential development is at
risk of flooding by the end of the century. Where residents are not directly at risk of flooding,
access to important services such as commercial centers, health care, and schools would likely
be impeded by flooding of the service centers or the transportation infrastructure that links
them. Rising sea levels could impact the delivery of petroleum products, electricity, and
drinking water to Bay Area residents and businesses. Dealing with this range of impacts will be
more difficult for low-income residents because they have less financial flexibility and fewer

resources to pursue alternative housing and transportation.

Populations may suffer if wastewater treatment is compromised by inundation from rising
sea levels, given that a number of treatment plants discharge to the Bay. Impaired water quality
and higher temperatures can result in algal blooms and a higher potential for the spread of

water-born disease vectors.

Large commercial and industrial areas are at risk of flodding, especially in San Francisco,
Silicon Valley, and Oakland. Approximately 72 percent of each of the San Francisco and
Oakland Airports is at risk from a 16-inch sea level rise and about 93 percent of each is at risk
from a 55-inch sea level rise, which could disrupt as many as 30 million airline -passengers
annually and approximately one million metric tons of cargo. Flooding of highway segments in

the regional transportation network could disrupt the movement of goods from ports, which
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Shoreline Protection

San Francisco Bay and the shoreline support some of the densest urban development in the
United States as well as ample open space and some of the most extensive tidal wetland
habitats (Figure 1.6). Shoreline development, public safety, and the Bay ecosystem are at risk
from current flooding and increased future flooding and storm activity. Public infrastructure |
and shoreline development that are critical to the region’s health, safety and welfare will require
protection. Wetlands must be sustained to continue providing important habitat and healthy

functioning of the Béy ecosys’cem as well as flood protection and carbon sequestration. A variety
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than others, and all present unique chaﬂenges for protection and adaptation fo sea level rise’.
Discovering ways to protect shoreline development and wetlands is one of the major challenges

in adapting to future sea level rise.

Figure 1.20 Typical Section: Subsided Land with Structural
Shoreline Protection :
Source: BCDC

: ﬂymp

’rﬂua.{ st Subsided Amlurr) lind
Wb ndude: ferd u«hnl commareinl,
Wieed use-, and girport

Sea level rise and flooding on the Bay shorelme will lead to a greater risk of erosion, causmv
local govermnents and landowners to evaluate protection techniques and strategies. Currently,
static structures or structural protection, such as seawalls, riprap revetments and levees, are the
most common form of ptotection against flooding and erosion along the shoreline (Figures 1.20-

1.22). Although expensive, these structures are attractive options because the engineering

3 A series of figures showing’ ‘ryplcal shoreline conditions are included to further an understanding of the
variety of shoreline conditions discussed here and in future chapters.

430

956



standards for their design and implementation are fully developed and widely used {(BCDC
. 1988a, Smits et al. 2006). Static structures on the edge of a dynamic Bay shoreline can result in
erosion of adjacent tidal flats or marshes and eventually the flood protection itself (Williams
2001, Lowe and Williams 2008, Schoellhammer et al. 2005, Smits et al 2006, Heberger et al.
2008).

Figure 1.21 Typical Section: Urban Shoreline with Bulkhead

Source: BCDC

VE H

T Ve {;}J—I—nﬂxg Gy

al Worm: dowt Wued or ndustriad Apnls -uw‘(“. I
Ty v s ::L {,wff LF. ’ byvkead |

Construction and maintenance of shoreline protection typically requires fill in the Bay
(BCDC 1988a). From 1978 to 1987, BCDC authorized nearly 300,000 cubic yards of fill for
shoreline protection, most of which was used to construct riprap revetments (BCDC 1988a).
Many of these revetments degraded tidal flats that provide important habitat to birds and
dissipate wave enefgy. Thus, residential communities and infrastructure on the shoreline, as
well as the Bay ecosystem, may be significantly impacted by the cumulative effect of additional

engineered structures along the Bay shoreline to address sea level rise.

Both the construction and maintenance cost of protection structures increases over time,
pérticularly as sea level rises and the damaging effect of storms increases. Since 1990, the
construction cost of a waterside levee rose to approximately $1,500 per linear foot, a 320 percent
increase, and seawalls are even more expensive at approximately $5,300 per linear foot
(Heberger et al. 2008). Maintenance costs range from 1-15 percent of the consﬁﬁcﬁon cost per
Iyear over the life of the project, which does not include the cost of damages to public safety,
infrastructure, or the ecosystem (Heberger et al. 2008).
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Figure 1.22 Typical Section: Wetlands and Levees
Source: BCDC
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. The Paciffic Insfitnte reports that statewidk the cost of protecting against = 55-inch rise in sea
level using static structures would be $14 billion. This cost estimate assumes that, throughout
the Bay, levees are suffficizmt tto provide shoreline protection. However, the existing shoreline
protection is a mix of lewees, uiprap and bulkheads or seawalls. Evaluating the full cost of
protection measures on the Bay shoreline requires a full assessment of existing structures, both
in terms of the level of flood protection and the resistance to erosion under sea level rise
p;:ojecﬁom; In many cases, the wave energy will be sufficient that local governments may desire
the additional protection of a seawall, which is far more expensive. Furthermore, Bay levees are
constructed, in many cases, using loosely compacted Bay mud that are often insufficient to
support the additional weight of material required for retrofitting (URS 2005, PWA 2005). This
deficiency is offset, to a degree, because the cost estimate is based on areas potentially exposed
to sea level rise and flooding irrespective of whether current protection exists—a more risk-
averse approach. Considering that there are multiple types of shoreline protection other than
levees, and, that where existing levees cannot be raised, they may require replacement with an

alternative nriethod of protection, the Pacific Institute’s cost estimate for the Bay is probably low.

Providing structural shoreline protection may actually increase vulnerability by
encouraging development in flood-prone areas directly behind the structure and giving those
who live behind the structure a false sense of security (Heberger et al. 2008, Smits et al. 2006,
United Nations 2004). In areas of the N e‘tiherlanc“ts_, as progressively larger protection structures
were built, development behind the structures intensified and populations in those aréas

increased. The protection structures completely eliminated water circulation in several
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estuaries, which were ultimately abandoned as functioning ecosystems (Smits et al. 2006). Large
areas of the Mississippi Delta are being considered for restoration, in part, to restore previous
wave attenuation benefits and help avoid repetition of the devastating impacts caused by
Hurricane Katrina, a tragic example of relying too heavily on shoreline protecton structures
(Day et al. 2007). Loss of this ecosystem benefit is just one of the reasons for ambitious tidal
wetland restoration efforts in the Bay-Delta estuary (Save the Bay 2007). While sedimentation
and tidal wetlands alone may not completely protect against flooding and erosion (Jongejan
2008), early adaptation of existing development, prevention of new development in flood prone

areas, and the flood protection benefit of tidal wetlands can help reduce the cost of adaptation.

The San Francisco Bay Plan (Bay Plan) requires a design review process for engineering
projects, such as major shoreline protection works on fill. The Bay Plan also includes policies to
guide the Commisgion decisions regarding compensatory mitigation for unavoidable adverse
impacts resulting from projects in the Bay. Approviﬁg structural shoreline protection on a
project-by-project basis may create additional, cumulative adverse impacts to Bay habitat.
Analysis of these cumulative impacts and potential planning approaches that will minimize
themri are needed. Both the USGS and the USACE are currently investigating regional and local
effects of shoreline inundation and flooding, respectively, in the South Bay. Additional analysis
can provide local governments and landowners with adequate information for designing
erosion control and shoreline protection (Knowles 2008, USACE 2008).

‘Summary and Conclusions

The planet is getting warmer and there is broad scientific consensus that human release of
GHGs is driving this change. Greenhouse gases that naturally reside in the earth’s atmosphere,
absorb heat emitted from the earth’s surface and radiate heat back to the surface—a natural
process called the “greenhouse effect.” The planet is how warming at an accelerated rate due
largely to the rapid release greenhouse gases into the atmosphere since industrialization,
Temperatures in California are projected to rise between 1.8°F and 5.4°F (1°C and 3°C) by mid
century and between 3.6°F and 9°F (2°C and 5°C) by the end of the century. As air temperatures

warm, the oceans warm, glaciers and ice sheets melt, causing sea level to rise.

A range of sea level rise projections has been estimated, but they may not adequately reflect
future contributions from ice-sheet melt. The estimates for this analysis are based on higher
GHG emissions scenarios, Choosing a higher scenario is a more risk-averse appréach to
protecting public safety. Two sea level rise scenarios were selected for analysis: a 16-inch (40
cm) sea level rise by mid-century and a 55-inch (140 cm) rise in sea level by the end of the

century. These scenarios are generally consistent with other state SLR estimates.
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Extreme étorm events will cause most shoreline damage from flooding. Changes in climate
may increase storm activity, which, in combination with higher sea level, will result in more
frequent and extensive flooding. The data used for this analysis reflects storm activity, but does
not include wave activity. With the 16-inch projection, 180,000 acres (281 square miles) of
shoreline are potentially exposed to more flooding or permanent inundation by mid-century
and 213,000 acres (332 square miles) are at risk from a 55-inch sea level rise at the end of the

century.
Structural shoreline protection can hold floodwaters back from the shoreline. Incorporating

both engineering and ecosystem elements can be used to in some cases to mitigate some of the

17 TETS - hY
I Willigris 2008},

Cumnulative impacts of structural shoreline protection can have far reaching adverse impacts
to the Bay ecosystem. Because structural shoreline protection requires long-term maintenance
and can have unintended adverse impacts, it should be seen as only one of several adaptation
options for a shoreline darea (BCDC 1988a, BCDC 1988b, Smits et al. 2006).
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5. Copenhagen Accord of 18 December 2009
http://unfece.int/files/meetings/cop 15/application/pdf/cop15 _cph _auv.pdf

becision -/CP.15

The Conference of the Parties,

Takes note of the Copenhagen Accord of 18 December 2009,
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'Copenhag.en Accord

The Heads of State, Heads of Government, Ministers, and other heads of the
following delegations present at the United Nations Climate Change Conference 2009
in Copenhagen: [List of Parties] '

In pursuif of the ultimate objective of the Convention as stated in its Article 2,
Being guided by the principles and provisions of the Convention,
Noting the results of work done by the two Ad hoec Working Groups,

Endorsing decision x/CP.15 ‘on the Ad hoc Working Group on Long-term
Cooperative Action and decision x/CMP.5 that requests the Ad hoc Working Group on
Further Commitments of Annex I Parties under the Kyoto Protocol to continue its work,

Have agreed on this Copenhagen Accord which is operational immediately.

1. We underline that climate change is one of the greatest challenges of our
time. We emphasise our strong political will to urgently combat climate change in
accordance with the principle of common but differentiated responsibilities and respective
capabilities, To achieve the ultimate objective of the Convention to stabilize greenhouse gas
. concentration in the atmosphere at a leve] that would prevent dangerous anthropogenic
interference with the climate system, we shall, recognizing the scientific view that the
increase in global temperature should be below 2 degrees Celsius, on the basis ofequity and in
the context of sustainable development, enhance our long-term cooperative action t6 combat
climate change. We recognize the critical impacts of climate change and the potential impacts
of response measures on countries particularly vulnerable to its adverse effects and stress the
need to establish a comprehensive adaptation programme including international support.

2. We agree that deep cuts in global emissions are required according to
science, and as documented by the IPCC Fourth Assessment Report with a view to reduce
global emissions so as to hold the increase in global temperature below 2 degrees Celsius, and
take action to meet this objective consistent with science and on the basis of equity. We
should cooperate in achieving the peaking of global and national emissions as soon as
possible, recognizing that the time frame for peaking will be longer in developing countries
and bearing in mind that social and economic development and poverty eradication are the
first and overriding priorities of developing countries and that a low-emission development
strategy is indispensable to sustainable development.

_ 3. Adaptation to the adverse effects of climate change and the potential impacts
of response measures is a challenge faced by all countries. Enhanced action and international
cooperation on adaptation is urgently required to ensure the implementation of the
Convention by enabling and supporting the implementation of adaptation actions aimed at
reducing vulnerability and building resilience in developing countries, especially in those that
are particularly vulnerable, especially least developed countries, small island developing
States and Africa. We agree that developed countries shall provide adequate, predictable and
sustainable financial resources, technology and capacity-building to support the
implementation of adaptation action in developing countries.

4, Annex I Parties commit to implement individually or jointly the quantified
economy-wide emissions targets for 2020, to be submitted in the format given in Appendix I
by Annex I Parties fo the secretariat by 31 January 2010 for compilation in an INF document.
Aunex I Parties that are Party to the Kyoto Protocol will thereby further strengthen the
emissions reductions initiated by the Kyoto Protocol. Delivery of reductions and financing by
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developed countries will be measured, reported and verified in accordance with existing and
any further guidelines adopted by the Conference of the Parties, and will ensure that
accounting of such targets and finance is rigorous, robust and transparent.

5. Non-Annex I Parties to the Convention will implement mitigation actions,
including those to be submitted to the secretariat by non-Annex I Parties in the format given
in Appendix II by 31 January 2010, for compilation in an INF document, consistent with
Article 4.1 and Article 4.7 and in the context of sustainable development. Least developed
countries and small island developing States may undertake actions voluntarily and on the
basis of support. Mitigation actions subsequently taken and envisaged by Non-Annex I
Parties, including national inventory reports, shail be communicated through nationat
communications consistent with Article 12.1(b) every ftwo years on the basis of guidelines to
be adopted by the Conference of the Parties. Those mitigation actions in national
communjcations or otherwise communicated to the Secretariat will be added to the list in
appendix I1. Mitigation actions taken by Non-Annex I Parties will be subject to their domestic
measurement, reporting and verification the result of which will be reported through their
pational communications every two years. Non-Annex I Parties will communicate -
information on the implementation of their actions through National Communications, with
. provisions for international consultations and analysis under clearly defined guidelines that
will ensure that national sovereignty is respected. Nationally appropriate mitigation actions
seeking international support will be recorded in a registry along with relevant technology,
finance and capacity building support. Those actions supported will be added to the list in
appendix II. These supported nationally appropriate mitigation actions will be subject to
international measurement, reporting and verification in accordance with guidelines adopted
by the Conference of the Parties.

6. We recognize the crucial role of reducing emission from deforestation and
forest degradation and the need to enhance removals of greenhouse gas emission by forests
and agree on the need to provide positive incentives to such actions through the immediate
establishment of a mechanism including REDD-plus, to enable the mobilization of financial
resources from developed countries.

7. - Wedecide to pursue various approaches, including opportunities to use
markets, to enhance the cost-effectiveness of, and to promote mitigation actions. Developing
countries, especially those with low emitting economies should be provided incentives to
continue to develop on a low emission pathway. "

8. Scaled up, new and additional, predictable and adequate funding as well as
improved access shall be provided to developing countries, in accordance with the relevant
provisions of the Convention, to enable and support enhanced action on mitigation, including-
substantial finance to reduce emissions from deforestation and forest degradation (REDD-
plus), adaptation, technology development and transfer and capacity-building, for enhanced
implementation of the Convention. The collective commitment by developed countries is to
provide new and additional resources, including forestry and investments through
international institutions, approaching USD 30 billion for the period 2010 — 2012 with
balanced allocation between adaptation and mitigation. Funding for adaptation will be
prioritized for the most vulnerable developing countries, such as the least developed
countries, small island developing States and Africa. In the context of meaningful mitigation
actions and transparency on implementation, developed countries commit to a goal of
mobilizing jointly USD 100 billion dollars a year by 2020 to address the needs of developing
countries. This funding will come from a wide variety of sources, public and private, bilateral
and multilateral, including alternative sources of finance. New multilateral funding for
adaptation wilt be delivered through effective and efficient fund arrangements, with a
governance structure providing for equal representation of developed and developing
countries. A significant portion of such funding should flow through the Copenhagen Green
Climate Fund.
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Q. Tao this end, a High Level Panel will be established under the guidance of and
accountable to the Conference of the Parties to study the contribution of the potential sources
of revenue, including alternative sources of finance, towards meeting this goal.

10, We decide that the Copenhagen Green Climate Fund shall be established as
an operating entity of the financial mechanism of the Convention to support projects,
programme, policies and other activities in developing countries related to mitigation
mcludmg REDD-plus, adaptation, capacity-building, technology development and transfer.

11, In order to enhance action on development and transfer of technology we
decide to establish a Technology Mechanism tp accelerate technology development and
transfer in support of action on adaptation and mitigation that will be guided by a country-
driven approach and be based on national circumstances and priorities.

12. We call for an assessment of the implementation of this Accord to be
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mclude conSIderaﬁon of strengthening the long-term goal referencing various matters
presented by the science, including in relation to temperature rises of 1.5 degrees Celsius.
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8. “Unburnable Carbon,” the Carbon Tracker Initiative
www.catbontracker.org/wp-content/uploads/downloads/2012/08/Unburnable-

Carbon-Full1.pdf
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Executive Summary

Global carbon budget

Research by the Potsdam Institute calculates that to reduce the chance of exceeding 2°C warming to 20%, the
global carbon budget for 2000-2050 is 886 GtCQ,. Minus-emissions from the first decade of thls century, this
leaves a budget of 565 GtCO, for the remaining 40 years to 2050,

Global warming potential of proven reserves
/E'Dl -£ all S

v ' nown fonz aanmisn ~ormas o D08 0D .
The tatal carban ;\r\'*'cﬂ-)-lal of the Earths known fosail fuel rezerves comes o 2795 u.i-.wz $5% of this s from

coal, with oil providing 22% and gas '\3%. This means that govemments and global markets are current!y
treating as assets, reserves equivalent to nearly 5 times the carbon budget for the next 40 years. The investment
consegquences of using only 20% of these reserves have not yet been assessed.

Global warming potential of fisted reserves

The fossil fuel reserves held by the top 100 listed coal companies and the top 100 listed oif and gas companies
represent potential emissions of 745 GtCO,,. This exceeds the remaining carbon budget of 565 GtCO, by 180
" GtCO, This means that using just the listed proportion of reserves in the next 40 years is encugh to take us
beyond 2°C of global warming. On top of this further resources are held by state entities. Given only 20% of the
total reserves can be used to stay below 2°C, if this is applied uniformly, then only 149 of the 745 GtCO, held by
listed companies can be used unabated. Investors are thus left exposed to the risk of unburnable carbon. if the
2°C target is rigorously applied, then up to 80% of declared reserves owned by the world's largest listed coal,
oil and gas companies and their investors would be subject to impairment as these assets become stranded.

The carbon intensity of stock exchanges

The top 100 coal and top 100 oil & gas companies have a combined value of $7.42 trillion as at February 2011. The
countries with the largest greenhouse gas potential in reserves on their stock exchanges are Russia, (253 Gt CO,), the
United States, (156.5 Gt CO,) and the United Kingdom, (105.5 Gt CQ,). The stock exchanges of London, Sac Paulo,
‘Moscow, Australia and Toronto all have an estimated 20-30% of their market capitalisation connected to fossil fuels.

London — a green capital?

- The UK has less than 0.2% of the world's coal, oil and gas reserves, and accounts for around 1.8% of global
consumption of fossil fuels, Yet the CO, potential of the reserves listed in London alone account for 18.7% of the
remaining global carbon budget. The financial carbon footprint of the UK is therefore 100 times its own reserves.
London currently has 105.5 GtCO, of fossil fuel reserves listed on its'exchange which is ten times the UK’s carbon
budget for 2011 to 2050, of around 10°GtCO,, Just one of the largest companies listed in London, such as Shell,
BP or Xstrata, has enough reserves to use up the UK’s carbon budget to 2050. With approximately one third of
the total value of the FTSE 100 being represented by resource and mining companies, London’s role as a global
financial centre is at stake if these assets become unburnable en route to a low carbon economy.

Transferring risk to the markets

In addition to the coal, oil and gas reserves of established companies, new fossil fuel companies continue to
list on exchanges to raise capital through share issues, in order to fund further exploration and development.
Recently London has seen Glencore, Vallar/Bumi and Vallares list on its exchange with no consideration by the
regulators of potential systemic risks to financial markets of the increased exposure to climate change risk. In
addition, former state-owned companies are coming to the markets, bringing huge carbon reserves to western
investment portfolios (e.g. Indian and Monglian coal mining companies).
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The asset owners response

We believe investors need to respond to this systemic risk to their portfolios and the threat it poses of a carbon
bubble bursting. Our research poses the following questions for asset owners:

* Which capital markets regulators are responsible for oversight of systemic risks and protecting your investments
from systemic climate change risk? " .

* To what extent are you exposed to markets which have higher than average exposure to fossil fuels and are
more prone to the stranding of assets?

» Are conventional fossil fuel-heavy indices still appropriate performance benchmarks for your portfolios?

* Are your asset allocation decisions based on obsolete data regarding the full risks facing fossil fue!l reserves
and what proportion of your investments may be unburnable carbon?

The reporting challenge

Corporate disclosure of carbon risks has improved markedly over the past decade, but arguably the most material
climate change risk remains hidden from most reports issued by fossil fuel companies. For these companies, it
" is not the scale of operational emissions that is the strategic challenge, but the emissions associated with their
products which are currently locked into their reserves. The potential carbon footprints of reserves are material
numbers which are not transparent. The long-term viability of these businesses rests on their future ability to extract
and sell carbon, rather than their past emissions. For investors to gain a greater understanding of these risks, a
change of mindset is required to consider the scale of the systemic risk posed by fossil fuel reserves. This wil
reguire moving beyond annual reporting of last year’s emissions flows to more forward-looking analysis of carbon
stocks. This is a logical step as carbon reporting becomes mainstream and integrated with financial analysis.

The regulator's responsibility

The recent financial crisis has shown that capital markets were not-self-regulating and required unprecedented
intervention; regulators were not monitoring the biggest systemic risks and so missed key intervention points. Listing
authorities will need to take greater responsibility for reviewing the provision of information on embedded carbon
by guoted companies. They need fo ensure that taking the capital markets as a whole, systemic risks posed by
the carbon asset bubble are addressed. Further regulation, guidance, and monitaring are needed to shift practices
across the exchanges. : -

Do the maths

It's a simple formula:

Company-level: Reserves x carbon factor = carbon dioxide potential.
Exchange-level: Sum of company carbon dioxide potentials = Exchange total.
Global-level: Sum of exchange totals > Global carbon budget.

Today, these numbers do not add up. Moreover those responsible for the stability of financial markets have not
yet started to collect this data or assimilate it into their risk models. It's time that asset owners and capital market
regulators made sure they did,

Recommendations:

"Regulators should:

* Require reporting of fossil fuel reserves and potential CO, emissions by listed companies and those applying for listing.
* Aggregate and publish the levels of reserves and emissions using appropriate accounting guidelines.
» Assess the systemic risks posed to capital markets and wider economic prosperity through the overhang
of unburnable carbon
* Ensure financial stability measures are in place to prapgnt a carbon bubble bursting.
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Introduction

This research provides the evidence base which confirms what we have long suspected — that there are more
fossil fuels listed on the world's capital markets than we can afford to burn if we are to prevent dangerous climate
change. Having satisfied that curiosity, this report marks a new phase of dealing with the implications for the

investment world.,

The missing element in creating a low carbon future is a financial system which will enable that to happen.
Political will, technology and behaviour change all play their part, but finance will be critical to tackling climate
change. This analysis demonstrates why a greater focus on changing the financial system is required to align it

A T P [ ot
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The global nature of capital markets means that fossil fuel reserves are distributed very differently in terms of
ownership compared to their physical location. This places the responsibility for financing the development of
fossil fuel reserves in industrialising countries with western investors.

Now is the time to move into the second generation of investor acticn on climate change, which tackles the system
that is locked into financing fossil fuels. Climate change poses a great threat to the global economy and it is not
unrealistic to expect regulators responsible for assessing new systemic risks to address the carbon bubble.

The goal now is for regulators to send clear signals to the market that cause a shift away from the huge carbon
stockpiles which pose a systemic risk to investors. This is the duty of the regulator — to rise to this challenge and
prevent the bubble bursting,

Mark Campanale & Jeremy Leggett
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1. The global carbon budget

The Cancun Agreement in December 2010 captured an intemnational commitment to limit global warming to
two degrees Celsius {°C) above pre-industrial levels. It also noted the potential need to tighten this target to
1.5°C." This agreement provides a reference paint against which global emissions scenarios can be compared
to assess whether the world is on track to achieve the two degrees target. We are focused on how the world’s
financial markets are aligned with this pathway as it is clear a shift to a low carbon economy needs capital
markets to rise to this challenge. -

The Potsdam Climate Institute has calculated a global carbon budget for the world to stay below 2°C of warming.
This uses probabilistic climate change modelling to calculate the total volume of carbon dioxide (CO,) emissions
permitted in.the first half of the 21st century to achieve the target. This revealed that to reduce the chance of
exceeding 2 °C warming to 20%, the global carbon budget for 2000 -2050 is-886 GtCO,.2 (N.B. All emissions are
expressed in carbon dioxide only, rather than the equivalent of the full suite of greenhouse gases.)

What have we already used since 20007

By 2011, the global economy has already used up over a third of that 50 year budget in the first decade alone.
Calculations of global emissions published in Nature indicate 282 GtCO, have already been emitted in the first
decade of this century from burning fossil fuels, with land use change contributing a further 39 GtCO,.2 This leaves
a budget of around 565 GtCO, for the remaining 40 years to 2050. This budget could be further contracted if a
position is adopted to limit global warming to 1.5°C or even Jower.

What are the potential emissions from global fossil fuel reserves?

The Potsdam Climate Institute also calculated the total potential emissions from burning the world's proven
fossil fuel reserves (coal, oit and gas). This is based on reserve figures reported at a country level and UNFCCC

emissions factors for the relevant fossil fuel types. Oil was split into conventional-and unconventional types,

whilst coal was split into three different bands to reflect the range of carbon interisity.

The total CO, potential of the earth’s proven reserves comes to 2795 GtCO,. 65% of this is from coal; with
oil providing 22 % and gas 13%. This means that governments are currently indicating their countries contain
reserves equivalent to nearly 5 times the carbon budget for the next 40 years. Consequently only one-fifth of the
reserves could be burnt unabated by 2050 if we are to reduce the likelihood of exceeding 2°C warming to 20%.

Comparison of the global 2°C carbon budget with fossil fuel reserves CO,
‘emissions potential

Fig.1
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2. Global reserves of coal, oil and gas.

The global distribution of fossil fuels reserves creates energy superpowers and consequently produces energy
security issues for other nations, especially as political risk and catastrophic events ratchet up energy prices. The
top ten countries for each of the three fossil fuels are shown below, with additional data.for countries with major
stock exchanges.

Fig.2
oL

Country Reserves

{bbl)
Saudi Arabia | 264.6
Canada .
Venezuela 1.7%
9.3%
Iag_
Kuwait
Russia
3.0%

Kazalkhstan

0.2
5.8 0.4%

284 19% -

Source: BP Statistical Review of World Energy 2010

The UK is a major global finance centre, but a relatively small country in terms of geographic size, which has
less than 0.2% of the world's fossil fuel reserves. The rapidly industrialising economies of India and China have
significant feserves of coal, but not oil and gas.

These reserves are split between those that are still owned by governments (National Qil Companies — NOCs),
and those that are assets licensed to the private sector (International Oil Companies - IOCs). A number of state
enterprises, particularly in the BRICS economies, are raising finance internationally via capital markets, in order
to develop their coal and oil reserves. This trend is leading to a steady transfer of parts of the national companies
to international investors.

The scale of the reserves held by these companies means that even a partial listing - such as Coal India in 2010 -
can result in a significant addition of potential carbon emissions to the private sector and thus to the transfer of
climate risk to the pension funds of ordinary citizens,

The figures used here are the proven reserves {i.e. ghose which have a 90% certainty of being extracted).s

Companies also have probable (50% chance of being extracted) and possible (10% chance of being extracted)
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3. Do listed fossil fuel reserves take us to unburnable carbon?

We estimate the fossil fuel reserves held by the top 100 listed coal companies and the top 100 listed oil and gas
companies represent potential emissions of 745 GtCO,. This exceeds the remaining carbon budget of 565 GtCO, by
180 GtCO,. The potential emissions from listed fossil fuel reserves show that just over half the carbon comes from
coal reserves, whilst only 5% is attributable to gas.

Carbon dioxide emissions potential of listed fossil fuel reserves

Fig.3

800

600
565

400

GtCO,

200
149

‘using just the reserves listed on the
world's stock markets in the next 40
years would be enough to take us
beyond 2°C of global warming.’
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This has profound implications for the world's energy finance structures and means that using just the reserves
listed on the world's stock markets in the next 40 years would be enough 1o take us beyond 2°C.of global
warming. This calculation also assumes that no new fossil fuel resources are added to reserves and burnt during
this period — an assumption challenged by the harsh reality that fossil fuel companies are investing billions per
annum to find and process new reserves, It is estimated that listed oil and gas companies had CAPEX budgets
of $798 biltion in 2010. In addition, over two-thirds of the world's fossil fuels are held by privately or state owned
oil, gas and coal corporations, which are also contributing even more carbon emissions.

Given that only one fifth of the total reserves can be used to stay below 2°C warming, if this is applied uniformly,
then only 149 of the 745 GtCO, listed can be used unmitigated. This is where the carbon asset bubble is located.
If applied to the world's stock markets, this could result in a repricing of assets on a scale that would dwarf past
profit warnings and revaluation of reserves. This situation persists because no financial regulator is responsible
for monitoring, collating or interpreting these risks.

How quickly would we reach unburnable carbon if emissions continue
business as usual?
According to the latest IEA projections of energy-related fossil fuel CO, emissions, unburnable carbon will be

reached in just 16 years if energy consumption continues unfettered.” This is based on global annual energy
emnissions increasing from 30.12 GtCO, in 2011 to 37.58 GtCO, in 2027, totalling 570.11 GtCO, over the period.

Where are these reserves listed?

The following map shows the tarbon dioxide emissions potential of the reserves that are listed in each country,
broken down by the three types of fossil fuel. Russia, the US, the UK and China dominate the picture. However
some exchanges, for example US and France, are skewed towards oil reserves, whilst Russia, China, Australia
and South Africa are concentrated in coal reserves. This is in stark contrast to the limited fossil fuel reserves in
the UK and the limited oil reserves in the US,
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Distribution of fossil fuel reserves
oetween stock exc Haﬁgeg
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How much of each exchange’s market capitalisation is based upon these
reserves?

It is difficult to produce accurate figures due to the involvement of diversified mining companies who also
extract metals and minerals other than coal. It would exaggerate the proportion of the market capitalisation
linked to fossil fuels if, for exarmple, the whole figure for Rio Tinto or BHP Billiton were included. If 2 consetvative
estimate is used which reduces the contribution from mining companies, then we believe 20 - 30% of the market
capitalisation is linked to fossil fuel extraction in on the Australian, London, MICEX, Toronto and Sac Paulo
exchanges. Paris, Shanghai, Hong Kong and Johannesburg are currently less exposed with less than 10% market
capitalisation linked to fossil fuel extraction.

Wha‘t proportions of global reserves are listed?

The compames .assessed here represent the m“ajorlty of listed reserves, w1th companies below this threshold

B . . e
5% THad ¢ d \_u\,x)_ 2ot -L.Q -"‘.8 ToiE ||u-4':: W aW Soai, (Jl .-_r\, a5 & traciion ¢
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equivalent to the potential emissions from:

¢ 20% of global coal reserves.

e 50% of global conventional il reserves

s 12% of global unconventienal oil reserves
« 10% of global gas resérves,

Combined, these top 200 companies are equivalent to around .27% of the global proven fossil fuel reserves,
in terms of thelr catbon dioxide emissions potential. Gil therefore has a. much higher representation on the
financial markets. The fow proportion of gas listed reflects the congentration of resetves in Russia and the Middle
East, where oligarchs and National Oil Cdmpanies {NOCs} are dominant.

An unmitigated disaster?

Energy and emissions predictions ofterr include potential solutions such as carbon capture and storage (CCS)
which would allow some fossil fuels te be burnt with a much lower rate of carbon emissions. Viable CCS-would
cettainly provide some extra carbon budget in the medium term. However it could only be applied to power
generation by coal and gas, leaving the entire oil-based transport system unmitigated. 't is also worth noting
- that even fossil fuel companies believe commercial application is at feast a decade away and doesn’t appear to
be getting much closer. This means that the global carbon budget may be used up before CCS can even start
to rriake a contribution. Cleaner-combustion techhologies will also stretch the budget, but will not address the
fundamental problem. :

Unconventionals

The figure for unconventional oil is artificially low, we believe, due to Canadian accounting practices which result
in oil sands reserves not being booked upon discovery. Instead, they are only reported under Canadfan rules
once production is believed to be ‘imminent’. The Canadian stock exchanges in particular may therefore have
some hidden CO, potential as.a result.

There has recently been more interest in uncanventional gas deposits, for example shale gas, which are also
not included iri these figures and have a higher carbon factor than traditional gas. The current limited treatment
of unconventionals suggests the reserve figures may be even higher and mote carbon intensive, cancelling out
mitigation gains,
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4. Top 200 listed companies by estimated carbon reserves

Fig.5
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Reserves data

Coal reserves data was provided by Raw Materials Group (RMG). More information is available at www.rmg.se
Oil and gas reserves data was provided by Evaluate Energy. More information is available at www.evaluateenergy.
com

The reserves data was based on the most recent reported infermation on proven reserves at the end of 2010,
As with any snapshot analysis, ownership of reserves will continue to change and reserves will be extracted and
added to a company's portfolio of assets. The research providers are leaders in their sectors and have the most
complete dataset available. However, reporting of reserves and ownership in some parts of the world is not as
transparent as others.

Carbon dioxide emissions factors

Thie formula for caiculativig the carbion emissions from the reserves was taken from the methodoelogy used by the
Potsdam Climate Institute. This estimates potential emissions from proven recoverable resarves of fossil fuels,
according to E = R xV xC x f, where E are the potential emissions (GtCOZJ, R the proven recoverable reserves
(Gg), V the net calorific value (TJ/Gg), C the carbon content (tC/TJ) and f a conversion factor (GtCO,/AC).4 V
and C come from the IPCC Guidelines for National Greenhouse Gas Emissions Inventories.® The Potsdam
methodology applies CO,-only factors to the fuels, as IPCC factors for all the Kyoto gases to give CO,-equivalent
are specific to the use of the fuels. The total level of greenhouse gases will therefore be higher; however the
CO,-only data is used consistently throughout for calculating both the budgets and emissions from reserves.
Care must be taken if you wish to compare these figures to CO,e data.

Reserves classification

The fossil fuel reserves were split into six classes, again mirroring the Potsdam Institute methodology. These
types correspond with the data tables for the elements which make up the carbon emissions formula. The six
classes were: '

* Natural Gas

* Oil Conventional

* Oil Unconventional

* Coal (Bitumous & Anthracite)
e Coal (Sub-Bitumous)

e Coal {Lignite)

Not alf coal assets in the RMG database indicate the type of coal in the mine. Where this data was not available
it was assumed it was bitumous coal, the most common type.

Canadian tar sands reserves figures

We beligve the figures used for Canadian tar sands underestimate the reserves held by companies. This is
due to the reserves booking approach stipulated by the Canadian Qil and Gas Evaluation Handbook whereby

"quantities must not be classified as reserves unless there is an expectation that the accumulation will be
developed and placed on production within a reasonable timeframe.”

Typically Canadian companies interpret this as meaning that production is imminent. Given the start-stop history
of tar sands projects with-fluctuations in the ol price there is a precautionary approach to booking reserves. This
results in companies with tar sands assets, which are known physical reserves, not always booking them due
to uncertain economic viabifity. The SEC has produced more guidance on this topic which is starting to come
through in the latest reserve reporting for US listed companies. This stipulates that unconventional reserves must
be broken out from an overall oil reserves figure, and that economic viability should be based on the average
of the 12-month average crude price of the first day of each month in the reporting period, rather than the end
of year price.
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Equity basis

Reserves, and therefore potential emissions, were attributed to each company on an equity ownership basis.
Where companies still had a government interest of. more than 10% only the publicly listed proportion was
attributed to the stock, and therefore its exchange,

Exchange allocation

The reserves were attributed to the primary exchange of the company. For companies with dual listings the
reserves were split equally between the two exchanges. This provides an indication of the primary regulator
for the company. However, many companies have several listings often using depositary receipts and other
mechanisms to access other markets. -

Top 100 selection

The companies selected to be included in this assessment were the top 100 coal companies and the top 100 oil
and gas companies, assessed on the potential carbon emissions from their reserves, There will be further fossil
fuel reserves listed on the world's financial markets. However, the levels of reserves reported by these companies
would not significantly affect the findings of this report. Each company beyond the top 100 coal and oil & gas
companies considered here has less than 0.15 GtCQ, in reserves. This extra carbon only adds to the overall
volume that is listed on the world's stock markets.

‘Market Capitalisation

Verification of the stock listings and their market capitalisation was completed in February 2011. Obviously
this will be changing on a daily basis and new listings, mergers and acquisitions and corporate restructures are
occurring all the time.

Data accuracy -

The approach taken is based on the best available datz and provides a consetvative estimate of the total reserves
and potential resulting emissions attributable to listed entities and their associated stock exchanges. We believe
the dataset to be of sufficient quality to test the overall hypothesis that there is sufficient carbon listed to use up
the global carbon budget to 2050 and give a reasonable representation of the geographical distribution across
the exchanges. We welcome comments on how to improve the analysis and suggestions of useful outputs for
future versions.

Disclaimer

The information used to compile this report has been collected from a number of sources in the public
domain and from Investor Watch's licensors. Some of its content may be proprietary and belong to Investor
Watch or its licensors. Whilst every care has been taken by Investor Watch in comipiling this report, Investor
Watch accepts no liability whatsoever for any loss {including without limitation direct or indirect loss and
any loss of profit, data, or economic loss) occasioned to any person nor for any damage, cost, claim or
expense arising from any reliance on this report or any of its content (save only to the extent that the same
may not be in law excluded). The information in this repert does not constitute or form part of any offer,
_invitation to sell, offer to subscribe for or to purchase any shares or other securities and must not be relied
upon in connection with any contract relating to ané"?such matter,
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7. “Oil énd‘Carbon Revisited,"’ HSBC Global Research

http://www.hsbcnet.com/hsbcfresearch

HSBC

5-January 20

pal spedding@hser

HSEC Climate Change Global Research

¥ Lowering carbon emissions couid put
_future oil and gas developments at risk

» Demand eifects may mean lower oil and
gas prices, a greater value risk

» Statoil’s ‘unburnable’ reserves amount
to 17% of market capitalisation; low
costs mean BG has little value af risk

Unburnabie reserves: The TEA’s World Energy Outlook
(2012 edition) estimated that in order to have a 50% chance
of limiting the rise in global temperatures to 2°C, only a thixd
of current fossil fuel reserves can be bumed before 2050.
The balance could be regarded as ‘unburnable’.

Oil could deliver efficiency gains: Although coal reserves
have significantly more embedded carbon than other fuels,
we believe that oil demand could be reduced relatively
quickly gi\}én the inefficiency of'personal wansport,

Gas growth slows: In a low-carbon world, defined as
limiting future CO, emissions until 2050 to 1,440Gt, oil
demand would fall post 2010. Gas demand would continue
to grow but at a slower rate than currently. This means some
potential oil and gas developments would no longer be needed.

Ceiling tests to assess value at risk: To assess the risk for
the sector, we assume the world is atready low carbon. We
undertake a cefling test on the future projects of the larger
European majors we cover to assess the potential value at
risk. We use USD50/b for oil and USDS/mmBiu for gas for
our ceiling test. Oil and gas volumes at risk range from
under 1% (BG Group) to 25% (BP). However, as a2
percentage, the value of reserves at risk is lower than this
because they are largely undeveloped. The value fmpact
ranges from under 1% (BG Group) to 17% (Statoil).

Price risk a material threat: Although not directly related
to ‘unburnable’ carbon. a preatet risk to the sector would be
if lower demand led fo lower oil and gas prices. In that case.
the potential value at risk could rise to 40-60% of marlet cap.

Low costs are the key: Because of its long-term nature, we
doubt the market is pricing in the risk of a loss of value from
this issue. We think investors should focus on low-cost
companies like BG; a gas bias is preferred, which would
favour Shell.
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8. “Do the investment Math: Bu‘ilding a Carbon-Free Portfolio,” the Aperio -Group

investment management firm , o :
httos://www.aperiogroup.com/system/files/documents/building @ carbon_free portfo

lioc 0.pdf

THE APERIO DIFFERENGE Do the Investment Math: Building a Carbon-Free
' Porifolio

As university endowments face pressure to divest stocks of
companies contributing the most to climate change, much of
the public discussion has focused on the looming math of the
environmental impact of a2 carbon-based economy. As '
endowments decide whether or not to divest or implement
screens, another kind of math is needed as part of the
process: the math of porifolio analysis. (Note: this version
updates an earlier paper from December 2012.)

Author
Patrick Geddes, Chief Investment Officer

APERIO GROUP, LLC

Copyright ® 2013 Aperio Group, LLC . ‘
Three Harbor Drive, Suite 315, Sausalito, CA 94965

61 Phone: 415.339.4300 www.aperiogroup.com
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Do the Investment Math

In the past few months, a groundswell of public support has been pushing universities to
divest their endowments of holdings in large fossil fuel companies. Writer and
environmental advocate Bill McKibbén has coined the phrase “Do the Math,” referring to.
the dangers of rising levels of carbon dioxide in the atmosphere. This focus on the math
of climate change has been catalyzed by the publication of his influential article in
Rolling Stone magazine this past July, “Global Warming's Terrifying New Math.” This
has been followed up by a 21-city college campus tour encouraging carbon divestment
by large endowments and pension funds.

Whiie some endowments like that of Hampshire coliege have announced plans o
change their investment approach, many fiduciaries sitting on endowment boards
dismiss with skepticism the idea of a portfolio helping to serve environmental goals.
These skeptics often claim that incorporating environmental screening, however well
intentioned, simply imposes a tax on investment return. While their wariness reflects a
genuine and valid desire to protect the returns earned by the endowments, outright
dismissal of any screening ignores another kind of math, the kind that measures the risk
to a portfolio rather than the effects of carbon dioxide on our planet.

When the idea of fossil fuel screening gets floated, the first thing an endowment
committee would want to know is the impact on return, especially whether screening
imposes any penalty. The research data on a wide range of social and environmental
screemng show no such penalty (nor any benefit either), although the results are
mixed.” Given the lack of evidence of a return penalty, the focus then shifts to the
impact of screenirig on a portfolio’s risk, which is more predictable and easier to
forecast than return. Skeptics are right when they claim that constraining a portfolio can
only increase risk, but they frequently ignare the magnitude of the change in risk, which
can be so minor as to be virtually irrelevant.

How can this risk impact best be estimated? For analysis, we'll use a computer program
called a multi-factor model, in this case the Aegis model from the company Barra. Aegis
uses both industry and fundamental factors like price-earnings ratios to measure stock
risk. The model generates a forecast for tracking error, which is the statistical
measurement of deviation from a target benchmark like the S&P 500 or Russell 3000
for domestic stocks or the MSCI All Country World index for global stocks. Tracking
error is analogous to the concept of darts thrown at a dartboard, where the bull's-eye is
the benchmark return and the measurement of the dispersion of dart o
‘throws around the bull's-eye is the tracking error over a particular time
frame, e.g. monthly returns over the past three years. A small or tight
tracking error means the darts (each representing one monthly return)
are clustered around the bull’s-eye, and a large or loose fracking error
means the darts are all over the board.

Copyright © 2013 Aperio Group, LLG
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As an example of the impact of screening on tracking error, we'll analyze the extra risk
of excluding a small sample of companies that the climate change advocates have
identified as particularly harmful, the so-calied “Filthy Fifteen,* U.S. companies judged
by As You Sow and the Responsible Endowment Coalition as the most harmful based
on the amount of coal mined and coal burned as well as other metrics. To measure the
impact of excluding these companies, we’'ll start with a broad-market U.S. benchmark,
the Russell 3000, then exclude the thirteen publicly traded stocks of the Filthy Fifteen?
and finally use the multi-factor model o create an optimized porifolio as close to the
Russell 3000 as possible. Investors who want a portfolio free of the Filthy Fifteen can
get a tracking error versus the Russell 3000 of only 0.14%, a very minor difference from
the benchmark.

What Does Additional Tracking Error Cost the Investor?

if investors are to decide whether a tracking error of 0.14% to exclude the Filthy Fifteen
seems reasonabie or excessive, they need some context for what that number impiies.
First, tracking error has an expected value of zero, meaning that in a passive
management framework a portfolio’s return is just as likely to be above the benchmark
as below. Second, the average expected tracking error for institutional active
management is 5.0% according to a survey of large U.S. pension funds,® which means
that investors already bear comparatively significant tracking error with their active
managers. Third, in the language of statistics, tracking error is an estimate of standard
deviation of returns versus a benchmark, which is in turn the square-root of variance.
That means that tracking errar cannot be simply added to overall portfolio risk (see
Table 1). In other words, if the total market’s risk is 17.67% (the Barra Aegis forecast
standard deviation for the Russell 3000 as of December 31, 2012), the portfolio risk
does not rise by another 0.14% to 17.81%. Instead, the impact of screening on absolute
portfolio risk must be calculated using variance terms.

Table 1: Impact of Tracking Error for Exclusion of Filthy Fifteen

Theoretical
| Standard Deviation | Variance = (Std. Dev.)*> | Return Penalt)/j
Market Risk (Russell 3000) 17.6857% 3.1208%
Tracking Error vs. R3000 0.1400% - 0.0002%
Screened Portfolio 17.6662% 3.1210%
Incremental Risk ) 0.0006% e 0.0002%

Source:-Barra Aegis and Aperio Group

As Table 1 shows, adding 0.1400% of tracking error increases absoclute portfolio risk by
only 0.0006%, or about a half of one one-thousandth of a percent. In other words, the
portfolic does become riskier, but by such a trivial amount that the impact is statistically
irrelevant. in other words, excluding the Fiithy Fifteen has no real impact on risk.

Skeptics could accurately point out that even for such a trivial amount, investors are
technically bearing additional risk for which they are not compensated. Modern portfolio

‘Céa%yﬁght © 2013 Aperio Group, LLC
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theory holds that any increase in risk should earn an investor a corresponding increase
in return. That theoretical loss of return in this case can be measured by using historical
data for the “market premium,” i.e. the amount of extra return stock market investors
“have been paid historically for bearing extra risk. As shown in Table 1, the foregone
return is 0.0002%, or two one hundredths of a basis point. Please see Appendix | for
details on the calculation of the return penalty.

Having seen that excluding the Filthy Fifteen incurs virtually no risk penalty, we’ll now
turn to a stricter set of screens for those endowments who may want to divest a more
comprehensive list of companies from an entire industry, Oil, Gas & Consumable
Fusls.® Table 2 shows the naturally higher fracking error resulting from stricter screens,

Table 2: Impact of Tracking Error for Industry Exclusion

Theoreliical
. Standard Deviation | Variance = (Std. Dev.)® | Return Penaty
Market Risk (Russeil 3606) 17.6657% 3.1208% '
Tracking Exrer vs. R3000 0.5978% 0.0036%
Sereeried Pertfolio 17.6758% 3.1243%
Ineremental Risk 0.0101% ' ' 0.0034%

Bouros: Barra Asgis and Apsiic Group. Numbens may mot sum exectly due o roumdiing.

. As Table 2 shows, adding 0.5978% of tracking error increases absolute portfolio risk by
0.0101%, with a theoretical return penalty of 0.0034%, or less than half a basis point.
While that tracking error remains very low compared to active stock picking, the industry
emphasis still means that if this industry outperforms the overall stock market, a |
portfolio with these exclusions will perform worse, while of course if those industries
perform poorly relative to the market a screened portfclio would perform better.

The approach shown here of using a multi-factor model to manage risk in screened
portfolios has been validated in a number of articles in academic finance journals that
prove and explain this math in greater detail.® Furthermore, while this analysis shows
the effects for U.S. stocks, the math looks very similar for non-U.S. and giobal portfolios
as well. Excluding more industries increases the tracking error slightly, as presented in
an earlier version of this paper, more details of which can be found in Appendix Il.

Historical Back Test .

The risk data discussed so far reflect estimates of future incremental impact on a
portfolio’s volatility. Another approach invoives back testing hypothetical portfolios to
see how they would have performed-over different historical periods, i.e. looking
backwards instead of forwards. Although such back testing should be taken with a
healthy grain of salt, it can still provide at least some sense of how a screened portfolio
would have performed. Using the same multi-factor Barra model used to create the
portfolio shown in Table 2, the performance has been analyzed using historical return
data. This screened portfolio has been optimized to track the Russell 3000 benchmark

Copyright © 2013 Aperio Group, LLC
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but with no stocks from Oil, Gas & Consumable Fuels. Shown below is a graph of rolling
ten-year return periods from the end of 1987 through the'end of 2012 for the screened
portfolio, calied Full Carbon Divestment. The blue bars above the 0.0% line indicate that
the screened porifolio earned a higher average annual return over the trailing ten-year
period, while those below the line indicate the periods for which the portfolio performed
worse than the benchmark.
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Return numbers show annualized return difference between Full Carbon
Divestment portfolio and Russell 3000 for periods from Jan 1988 to Dec 2012.

Average Annualized 10-year Return Difference -+0.08%
Percentage of Periods Higher than R3000 . 73%
Percentage of Periods Lower than R3000 27%

. Tracking error, current forecast : 0.60%
~ Tracking error, historical simulation _ - 0.78%

As the chart and table show, the average return for a 10-year rolling period cver the -
past 25 years was slightly positive, with 73% of the ten-year periods earning higher
returns. If there is no return bias, then theoretically such a screened portfolio would be
expecied to perform better than the benchmark only half the time. In other words, the
historical data may show superior performance, but the model forecasts only risk, not
any ongoing excess return. The hypothetical historical tracking error over the period
was 0.78%, slightly higher than the currently forecasted 0.60%.

Copyright © 2013 Aperio Group, LLC
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Summary.

In deciding whether to implement any divestment, umversnty endowments face
compelling arguments on both sides. From the advocates of divestment, endowments
hear about the serious environmental damage aiready incurred, the frightening
frajectory of the math and the benefit from taking a public starice on a critical ethical
issue. From the skeptics they hear that screening will adversely affect risk and return
and that the goal of any endowment should be to focus exclusively on returns. The math
shown in Tables 1 and 2 does support the skeptics’ view that screening negatively
affects a portfolio’s risk and return, but it also shows that the impact may be far less
significant than presumed. It's beyond the scope of this paper to judge whether

nnr*!r\wmcr*‘c: Q"‘iﬁl r!ri lmh!@*“!n"t"‘ or ﬂ\'ﬂe!‘i eoroont rlr‘! 3"-! 4‘ '3"\\ nne nr an Aﬁﬁlr\s ;mcﬂ‘" L:r:-::**_—

facing that decision shouid at least do the math, in thls case the investment math.
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Appendix I: Calculation of Theoretical Return Penalty

We can convert the uncompensated risk to a theoretical return penalty by using a
simplified historical risk premium. Based on S&P 500 returns and risk (as a proxy for the
U.S. stock market) from January 1826 to June 2011, we find a total market annual
return of 9.88 percent versus T-bills over the same period of 3.60 percent for an excess
return of 6.29 percent. From the same data set, the S&P 500 has had an annualized
standard deviation of 19.14 percent, giving a simplified market Sharpe ratio of 0.33,
calculated as foliows: Market Sharpe ratio = ( — )/, where is return on market, is risk-
free rate, and . is the risk of the market as measured by standard deviation. The
simplified historical market Sharpe ratio is calculated as follows:

(9.88% — 3.60%) / 19.14% = 0.33. The theoretical return penalty in Table 1 is calculated
as foliows: 0.0005% incremental standard deviation times a Sharpe ratio of 0.33 equals
0.0002%, or two one-hundredths of a basis point in theoretical foregone return. in other
words, the impact on return, according to standard portfoho theory, is virtually
nonexistent for eliminating the Filthy Fifteen.

Appendix il: Screening Impact of Broader Exclusions
In an earlier version of this paper, published in December 2012, Aperio Group analyzed
a broader range of industry exclusions, as listed below.

QOil, Gas & Consumable Fuels

Metals & Mining

Electric Utilities

Independent Power Producers & Energy Traders
Multi-Utilities '

To avoid penalizing cleaner companies in those industries, those scored by MSCl's
environmental research as receiving 100% of their revenue from environmentally
sustainable businesses have been added back and made available. Table 3 shows the
naturally higher tracking error resulting from stricter. screens.

Table 3: Impact of Tracking Error for Broad Carbon Exclusion

T Thearetical j
. Standard Deviation | Variance = (Std. Dev.)? | Return Penalty
Market Risk (Russell 3000} 17.9500% 3.2220% i
Tracking Error vs. R3000 0.6900% 0.0048% ]
‘Screened Portfolio 17.9633% 3.2268% .
Incremental Risk 0.0133% , 0.0044%

Source: Barra Aegis and Aperio Group. Estimates as of November 30, 2012.
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Disclosure

The information contained within this presentation was carefully compiied from sources Aperia believes to be reliable,
but we cannot guarantee accuracy. We provide this information with the understanding that we are not engaged in
rendering legal, accounting, or tax services. In particular, none of the examples should be considered advice tailored
. to the needs of any specific investor. We recommend that all investors seek out the services of competent
professionals in any of the aforementioned areas.

With respect to the description of any investment strategies, simulations, or investment recommendations, we cannot
pravide any assurances that they will perform as expected and as described in our materials. Past performance is not
indicative of future results, Every investment program has the potential for loss as well as gain.

Assumptions underlying simulated back test;

+  Based on Barra Aegis muiti-factor risk model

Quarterly rebalancing.

Exclude stocks from Oifl Gas & Consumable Fuels industry as defined by MSCI Barra industry for back test.
No transaction costs or management fees included. .

Benchmark returns are simulated using underlying holdings te ensure apples-to-apples comparlson

¢« v a =

The benchmark for back-test simulation is the Russell 3000 fotal return index. The simulated portfolios are actively
managed, and the structure of the actual portfolios and composites may be at variance to the benchmark index. Index
returns reflect reinvestment of dividends but do not reflect fees, brokerage commissions, or other expenses of
investing, which can reduce actual retums earmed by investors. .

Performance results from back tests of particular strategies exclude any frading or management fees that would
reduce the return. Furthermore, future returns for any such strategies could be worse than the results shown or the
identified benchmark. Back-testing involves simulation of a quantitative investment model by applying all rules,
thresholds and strategies to a hypothetical portfolic during a specific market period and measuring the changes in
value of the hypothetical portfolio based on the actual market prices of portfolio securities, Investors should be aware
of the following: 1) Back-tested performance does riot represent actual trading in an account and should not be
interpreted as such, 2) back-tested performance does not reflect the impact that material economic and market
factors might have had on the manager's decision-making process if the manager were actually managing client’s
assets, 3) the investment strategy that the back-tested results are based on can be changed at any time in order to
reflect better back-tested results, and the strategy can continue to be tested and adjusted until the desired results are
achieved, and 4) there is no indication that the back-tested performance would have been achieved by the manager
had the program been activated during the periods presented above.
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Endnotes

! United Nations Environment Programme (UNEP) Finance Initiative and Mercer. 2007. Demystifying
Responsible Investment Performance.
http://www.unepfi.ora/ffileadmin/documents/Demystifying Responsible Investment Performance 01.

pdf. * : :

2 The following companies incorporate the thirteen publicly trade stocks of the Filthy Fifteen:
Arch Coal inc :
Ameren Corp

American Elec Pwr Inc

Alpha Natural Resource

Ceoensol Energy Inc

Dominion Res Inc

Duke Energy Corp
-Consolidated Edison

Edison Inil

Firstenergy Corp -

Genon Energy Inc

PPL Corp ]

Southern Co

* Based on a survey of Callan Associates, Inc., Mercer Investment Consulting and Watson Wyatt
Worldwide. For details see GMO. 2007. White Paper, “What Should You Pay For Alpha?”,
hitps://mww.gmo.com/NR/rdonlyres/F8E38661-0CD6-49EB-97DF-
8D7BBAC32B43/1007/HowMuchPayForAlpha.pdf. *-

* Based on the Global Industry Classification Standards developed by MSC1 and Standard & Poor’s.
> See the following articles:

Geddes, Patrick. 2012. Measuring the Risk Impact of Social Screening. Joumal of
Investment Consuiting 13, no. 1: 45-53.

Jennings, William W., and Gregory W. Martin. 2007. Socially Enhanced Indexing: _
Applying Enhanced Indexing Techniques to Socially Responsible Investment. Journal of
Investing 16, no. 2 (summer): 18-31.

Kurtz, Lloyd, and Dan diBartolomeo. 2011, The Long—Tén*n Performance of a Social
Investment Universe. Journal of Investing (fall): 95-102,

Milevsky, Moshe, Andrew Aziz, Al Goss, Jane Thompson, and David Wheeler. 2008,
. Cleaning a Passive Index. Journal of Portfolio Management 32, no. 3 (spring); 110-118.

* Any link shown above will take you to an extermnal web sife. We are not responsible for their content.
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‘8. 8an Francisco Employees’ Retirement System (SFERS) Retirement Board’sSocial
Investment Policy
http://sfers.org/

CITY AND COUNTY OF SAN FRANCISCO
EMPLOYEES’ RETIREMENT SYSTEM
RETIREMENT BOARD POLICY

THE SOCIAL INVESTMENT POLICIES

The Retirement Board adopted the attached list of Social Investment Policies at the
Retirement Board Meeting of September 27, 1988. As new policies are developed and
adopted, they will be added to this document.

SOCIAL INVESTMENT PROCEDURES 1 OF 4 ADOPTED 9/27/88
71
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1. Corporate activities of companies whose securities
are owned by the System shall be conducted in

compliance with all applicable laws and
regulations.

2. Employment Standards

Active measures shall be taken to assure that the

corporation meets fair employment standards

including non-discrimination in hiring, transfer,
pay and promotion, decent working facilities and

conditions, and the recognition of all legal
employee rights of organization and political

expression.

3. Community Relations

The relationship of the corporation to the
communities in which it operates shall be

maintained as a good corporate citizen through

observing proper environmental standards,

supporting the local economic, social and cultural

climate, conducting acquisitions and

reorganizations to minimize adverse effects and

not discriminate in making loans or writing

insurance.

4, Corporate Governance and Internal Affairs

The Bylaws of the corporation shall be maintained
to permit full expression of shareholder voting .

rights in corporate affairs and to prevent

- entrenchment of management. Executive,
compensation shall be fair and reasonable.
Reports and data shall be made available to

shareholders concerning social issues to the extent
possible without jeopardizing business interests.

SOCIAL INVESTMENT PROCEDURES

2 CF 4
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5. MacBride Principles ' - Level I 2/25/92

The corporation shall affirm and adhere to the
MacBride Principles concerning operations in
Northern Ireland.

6. Tobacco. Divestment Level I 10/13/98

Due to the existing litigation, proposed legislation
and probable governmental restrictions relating to
the Tobacco industry, the System will not invest
in the equity and fixed income securities of
companies manufacturing tobacco products. (See
list)

7. Sudan Investments Level II 6/13/06

The Retirement Board directed staff to engage in
constructive dialogue with companies doing
business in Sudan because US Congress and the
State Department have found the Sudanese
Government to be complicit in genocide in Darfur
region.

8. Sudan Investments Level I1I 11/14/06

The Retirement Board directed staff to inform
companies meeting specified criteria of intention
to divest. Companies will have 90 days to
respond. Managers will be informed of companies
meeting specified criteria and be given an
opportunity to explain why they cannot achieve
their mandate if required to divest. Reference
Sudan — Level 3 Procedures dated 12/26/06.

Key: Levell - Sha'reholdéﬁ Voting
Level I — Promoting Social Rights and Interests
Level Il — Investment Restrictions

**South Africa Policy restriction at Level [II was repealed on July 14, 1994.

SOCIAL INVESTMENT PROCEDURES 30F 4 ADOPTED 9/27/88
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List of Companies Involved I the Production or Wholesale Distribution of Tobacco Products:

US COMPANIES

800 —JR Cigar, Inc.

Advanced Tobacco Products
Amer Group Ltd.

American Filtrona

American Maize-Products Co.
Brooke Group Ltd.

Caribbean Cigar Co.
Consolidated Cigar Holdings Inc.
Dibrell Bros. Inc.

Dimon Inc.

DNAP Holding Corporation
Fortune Brand, Inc.

Future Brands Inc.

Gallaher Group PLC

General Cigar Holdings, Inc.
Holt’s Cigar Holdings, Inc.
Lowes Corp

MacAndrews & Forbes Holdings, Inc.
Mafco Consolidated Group
Monk-Austin Inc.

Philip Morris Inc.

Playboy Enterprises, Inc.
Premium Cigars International, Ltd.
RIR Nabisco Holdings Corp.
Standard Commercial Corp
Swisher International Group
Tamboril Cigar Co.

Universal Corp:

UST Inc.

SOCIAL INVESTMENT PROCEDURES ' 4 CF 4
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San Francisco Board of Supervisors sub-committee on Budget and Finance: "Resolution
urging the Retirement Board of the San Francisco Employees' Retirement System to divest
‘rom publicly-traded fossil fuel companies,” April 10, 2013

Prepared comments of Garvin Jabusch, Cofounder and Chief Investment Officer at Green Alpha
Advisors, LLC, Portfolio Manager of the Shelton Green Alpha Fund (NEXTX) and author of the Sierra
Club’s economics blog at http://sierraclub.typepad.com/gaa/

L Fossil fuels as increasingly subprime asset class

Modern portfolio theory tries to find the efficient frontier of the highest possibility of positive portfolio
return for a given level of risk. It does this by looking at historical volatility and return characteristics
of stocks, then using calculations to figure out in the past what combinations of stocks had the best
returns for each given level of volatility or risk. Now, modern portfolio theory (MPT), as it is
commonly practiced anyway, seems to hold as immutable that portfolios need exposure to fossil fuels
‘companies’ stocks in order to be properly diversified and therefore to minimize amount of risk for
desired return. This is all fine in theory, but the problem with it is that MPT was developed in the
1950s, and we don‘t live in that world anymore. In the 1950s, there were fewer material resource
constraints, a far lower global population, the word ‘scarcity’ did not apply to the natural world, and
no one had heard of climate.change or global warming. So there really were no reasons to think
twice about fossil fuels or to imagine reasons their returns could be at risk. But now, in 2013, it is
clear that global warming does exist, that drilling and fracking, refining and transportation all carry
large economic costs and risks to society, largely as a result of air, soil and water contamination, as
well as the effects of warming.

30, far from being the relatively safe way to earn returns that they once were (and still may look like
using the backward-looking measurements of MPT), shares in fossil fuels companies now look both
increasingly risky, and less able to generate the returns they once did. They're running the other way
from the efficient frontier.

From a stock valuation point of view it is now clear that shares of fossil fuels companies have become
far more risky as an asset class than they were even a few years ago. “Risk” can no longer refer only
to backward looking volatility of monthly returns in a portfolio of securities, which is an abstraction
having nothing at all to do with the higher volatility and slower growth these assets are going to have
going forward, to say hothing of the forward looking risk of climate change threatening disruption of
civilization itself, within the lifetimes of many here today.

Fossil fuels companies have rarely had to pay for their economic externalities. But now, for these
companies and their shareholders, there is the specter of incredibly expensive damage from
accidents associated with fossil fuels. For example, look at BP’s management’s and shareholders’
objections to settlements and potential further judicially mandated costs and penalties relating to the
2010 Deepwater Horizon spill (above and beyond the $20 billion trust already established by BP).
BP's tortured arguments and huge efforts to avoid further financial liability for an accident for which
they clearly are partially responsible reveals the devastating risks the oil industry will be facing as it
reaches ever further for product. BP’s continuing potential_liabilities from this one incident, including
“uncapped class-action settlements with private plaintiffs” and “civil charges brought by the Justice
Department” and “a gross negligence finding [that] could nearly quadruple the civil damages owed
by BP under the Clean Water Act to $21 billion” any representative of an asset class carrying this
kind of risk can only be labeled a subprime investment. '
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The International Monetary Fund recently calculated that between directly lowered prices, tax breaks,
and the failure to properly price carbon, the world subsidized fossil fuel use by over $1.9 trillion in
2011 — or eight percent of global government revenues. In a rime of austerity, we can't expect ,
governments to lavish this kind of largesse on already profitable companies forever. The United
States taxpayer is fossil fuels’ largest benefactor at $502 billion in 2011. China came in second at
$279 billion, and Russia was third at $116 billion. For perspective, $502 billion is just over 3% of the
US economy, currently being given away to big fossil fuels companies.

As inexpensive, unlimited renewables gain more market share, fossil fuels by definition will be losing
market share, meaning stocks of companies providing the most economically competitive renewables
will be in a better position to deliver superior stock performance than will oil, coal or even natural
gas. Indeed, Shell Oil has recently projected that renewables will eclipse oil as society’s primary
source of energy, making up as much as 40% of all energy used within the next 47 years.
Considering the booming growth of renewables in recent years (particuiarly solar), I wouldn't be
surprised if this occurs much sooner; but in any case the writing is now officially on the wall. Fossil
fuels have already begun to lose market share to renewables. In 2012, most new

electricity generating capacity brought online in the United States was from renewables, and in
January 2013, all new U.S. electrical generating capacity was provided by renewables. If these trends
are even ciose to future outcomes, Shell’s prediction will have proven far too optimistic for the future
of oil.

Further, and fossil fuels firms know this, extracting and burning more than approximately 1/3 of
proven fossil fuels reserves remaining in the ground puts us on a path to irreversible catastrophic
warming. Knowing this, we’ll have to have made the transition to renewables far before we deplete
all fossil fuels. Both S&P and HSBC have recently written about this, referring to the consequences’
for fossil fuel companies as “stranded asset risk,” requiring real world risk management - including,
yes, divestment, beginning with the dirtier fossil fuels such as tar sands.

Even the usually moribund International Monetary Fund, citing the link between fossil fuels subsidies,
energy consumption and climate, has bluntly stated that the solution to economic and climate risk is
to end fossil fuel subsidies and tax carbon.

Google’s clean energy division head put his company’s decision to invest in and rely on fossil fuels in
an economic context, saying “While fossil-based prices are on a cost curve that goes up, renewable
prices are on this march downward.”

Warren Buffett via his MidAmerican Energy subsidiary now owns 14% of all solar generating wind
capacity in the US. When asked why, he said that it's because he’ll never have to worry about the
price of fuel going up. In other words, sunlight and wind will always be free. No matter how cheap
the cheapest fossil fuel is — currently natural gas - it will always cost more than nothing. Buffett's
President of MidAmerican said simply “we believe renewables is the better investment right now.”
Which if you think it through is obviously true. Imagine you build two competing electrical power
plants today, one that burns nat gas the other a solar plant. Via their electric bills the ratepayers pay
you back the upfront costs of these plants. So far so good. But then, for the next - what is the
lifetime of a power plant, 30, 40, 50 years? - for the next say 40 years, the solar plant will get the
same revenue flow from the ratepayers but never pay a penny for fuel. Meanwhile, the nat gas plant
will be paying to locate, drill, refine, transport and secure the fuel, and at some point will also be
paying for externalities like spills, contamination, lawsuits, and hopefully in time a carbon tax. Which *
has the better long term ROI? Buffett isn’t the nation’s largest solar electricity provider because he's
an advocate for 350, he does it because, and I quote, “it's a great way to stay rich.” And Warren
Buffet, not having an ideological dog in this ﬁght‘.I ﬂﬁ? not advocate, he just executes. And he



executes on whatever plan has the best chance of generating the best long term return on
investments.

3etting on the continuing and even eternal ability of fossil fuels to grow flies in the face of how we
understand the workings of the universe and does not reflect what physicists would think of as good
quantum math - infinite growth of a known deleterious asset - in this case an asset with the ability
to disrupt climate and civilization — must come to an end, and soon. And everyone knows it.

What I’'m saying in sum is that fossil fuels are in a state of irreversible entropy - nothing goes
on forever that can’t go on forever. In terms of long term portfolio return — and yes in moral
terms as well - the institutions that stubbornly stuck to fossil fuels, perhaps using the now failing
tenets of MPT to justify their actions, will in a few years look very unwise.

To summarize:

Fossil fuels have the capacity to threaten the basic systems world economies rely upon and therefore
have no place in a model of an economy that can thrive indefinitely. Most of the still-in-the-ground
assets on the balance sheets of fossil fuels companies will never be realized (“abandonment risk”),
and therefore shares of these firms may now be overvalued.

Fossil fuels companies have never had to pay for their externalities such as pollution, warming,
health effects and contaminated water and farmland. This is coming to an end and they will be liable
for damages in the tens if not hundreds of billions. See BP re Deepwater Horizon or Chevron re
Ecuador. :

On the contrary, fossil fuels have received as much as half a trillion dollars in subsidies per year from
the U.S. alone. To the extent that austerity or desires to balance budgets reduce the scale of this
windfall, the seemingly easy profitability of these companies will be undermined.

Renewables such as wind and solar, having no cost of fuel, will ultimately prove too competitive for
fossil fuels no matter how cheap those may appear to be.

There will be carbon taxes in many if not most countries that will directly impact the margins of fossil
fuels firms.

The solution to both climate and economy is worldwide conversion from fossil fuels to renewables.

This massive conversion program will lead to the most powerful economic growth ever achieved, with
full employment!

And, it would rescue the planet from impending violent upheaval.

If we fear for the future, it is paradoxical to attempt to mitigate that risk by remaining invested in
fossil fuels because an outdated definition of risk tells us to. What we do now will bring about the
future for better or worse. If we're to emerge from our 19 century energy path, it must be us, now,
today, who set that emergence in motion. Leave fossil fuels for those who prefer to look backwards.

Capital will flow to the best solutions to our biggest problems and to the representatives of the
economy of the future. Now is the time to get San Francisco’s money ahead of that transition.

II. How to divest

The solution to seeking attractive risk-adjusted returns without portfolio exposure to fossil fuels is
deceptively simple: modify traditional portfolio theory to be prospective and forward looking rather
than backward looking and based on institutionaljgygigmodels developed in the 1950s. Rather than



relying on the old-timey notion of historical price volatility, we choose instead to model portfolios
based on an economy that can work, emancipate us from the costs of fossil fuels, increase our net
economic production function and also keep us on an economic basis that can allow society to thrive
indefinitely. That is, innovation and new technologies and approaches to business can allow society to
maintain and even improve its ability to provide high standards of living while simultaneously
beginning to reduce impacts to its ecological underpinnings or the environment. In our parlance, this
is next economy portfolio theory and its premise is simple: the economy has to evolve, rapidly and
soon, or our standards of living, our climate and our civilization will be at risk. Using objective
science and reality as our starting points, we model what that economy can (figure 1) look like then
select securities of the best firms with the most promising and already profitable business models
from all sectors that already represent that economy, and build portfolios of them (figure 2). Yes, we
believe one still has to do the fundamental research on each individual company to assess their
health, and of course we do that — one cant buy a company just because it represents sustainability
any more than one could buy a company just because it makes cars. Fundamental research is still .
required but the point we're making is that it is not necessary and indeed may soon prove very
negative to invest in fossil fuels companies because MPT suggests that you should. It's time for new,
forward-looking methodologies of portfolio management to replace the old backwards looking ones.
And those of us that practice next economy portfolio theory don’t see much of a place for fossil fuels’
securities going too far forward.

Here are our basic steps in portfolio construction:

1. Begin at the highest macroeconomic and ecological levels and make an objective assessment
regarding the most pressing issues confronting world economies

2. Having identified key issues, the next step is to rigorously research scientific consensus and
new approaches to the technologies, ideas and business practices best positioned to and most
likely to successfully drive growth while aiding in mitigation of and/or adaptation of issues
(such as climate change and resource scarcity)

3. Of these approaches, then, we ask in the third step which can practically be deployed or
practiced - that is, used in the real world

4. Then, of these working, functional, practical approaches, we fourth ask which can also be
aligned with economic interests such that they can attract market capital and inspire both
entrepreneurs and established companies to engage. In other words, which can be deployed
as profitable businesses

5. Only now, at this point, do we in our fifth step identify specific companies that come as close
as possible to meeting these criteria

6. Looking at granular company-level financial data comes last for us, and is only applied to
qualified next economy companies, as identified via the five-stage methodology above. In the
final step then, we apply quantitative, rigorous, bottom-up financial analysis to identify stocks
of next economy companies that offer the best financial positions with minimized risk, with
particular focus on growth potential and market liquidity and bankruptcy risks.
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Figure 1: Model of Next Economy Identification and Transition
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Figure 2: Next Economy Portfolio Candidate identification Methodology
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Testimony on Fossil Fuel Divestment Resolution
April 10, 2013

First, I"d like to express my sincere gratitude for the opportunity to speak here
today. My name is Ashlyn Ruga, and I’'m a senior at the University of San Francisco here
in the city. It was less than a month ago that I helped launch the fossil fuel divestment
campaign at USF, but in that short time, I’ve made connections with students all over the
country who are working toward the same goal. If not for this network of committed and
passionate students and other allies, I'd have been too reticent to send that first email to
the Board of Trustees at my school. This is due to what’s been described as the “cloud of
apathy” that hangs over my campus; though “social justice” is a common theme in
classes and activities, USF students have not often been known to fight for it—until now.

The only explanation I can fathom for my fellow students’ excitement about this
divestment campaign is that it has finally given them hope. There is finally a viable
solution to the impending climate crisis; divestment has worked before, so now they have
the chance to play an integral role in shaping the shores of their future. Before this
campaign, I attributed the lack of climate activism on campus to two things: students
were either unaware of the deleterious implications of our reliance on fossil fuels, or, as
one friend puts it, they were “getting a degree in, “we screwed up, now it’s up to your
generation to fix it,”” and were too discouraged to act. But through this campaign, my
group members and I have been able to address much of what has been holding people
back. Our asking for petition signatures has given us the opportunity to engage students
in reasoned discourse about the issue, convincing them that the climate crisis must be
dealt with, and showing them that even though the outlook is dire, it’s not too late—but
we do need their help. In fact, we need as much help as we can get.

That is why it is so important to divest San Francisco’s pension fund from fossil fuels.
Not only will it send a strong message to those resisting divestment—including the USF
President and Board—but it will also fortify the notion that my generation can still hope.
In the face of inconceivable threats to our future, San Francisco can show the world that
business as usual—which has caused so many of the problems we face today—is going to
change. And with that change comes the preservation of a livable future that we owe to
generations to come. Thank you.
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4/10/13 Testimony from Paul Solli from Aperio Group

Hello, my name is Paul Solli and I'm a partner with Aperic Group, an investment
management firm based in Sausalito. Aperio specializes in quantifying the impact
of social screening on portfolio risk and return.

Earlier this year we did a study entitled “Do the Investment Math: Building a
Carbon-Free Portfolio”. We were tired of hearing arguments against divestment
by investment experts who offered no honest data to support their contention that
fossil-fuel divestment would harm performance.

The purpose of our study was to quantify the risk and return impact of eliminating
fossil fuel companies from a stock portfolio. The author of the study, Patrick
Geddes, is Aperio’s Chief Investment Officer. He is also the former CFO and
director of quantitative research for Morningstar, as well as (ironically) a former
analyst with the oil company Amoco (now part of British Petroleum).

The first two slides in your handout summarize the results of our study.

Slide 1

¢ The first slide shows that the if you eliminate fossil-fuel companies from
your portfolio and rebalance the remaining companies to track the market,
the portfolio’s absolute risk will increase by only 0.01%, or 1/100™ of 1%.

e The theoretical return penalty for that amount of risk is 0.0034%, or less
than one half of a basis point.

s So screening will impact portfolio risk and return, but by such a small
amount we can fairly describe it as immaterial.

Slide 2
e The second slide summarizes an historical back—test of a carbon-free
portfolio for the 25-year period 1988-2012. For the back-test, we
eliminated all Oil, Gas, and Consumable Fuel companies from our
investment universe.
e For 73% of the rolling ten-year periods in our study, a carbon-free portfolio
performed better than an unscreened portfolio.

In summary, by our estimates, divesting fossil fuels will have an immaterial
impact on portfolio risk, and historically, and for the period tested, a carbon-free
portfolio would have actually outperformed a portfolio that included fossil-fuel
companies.

How will a carbon-free portfolio perform in the future? Our best guess is that.it
will perform roughly in line with the market, sometimes h|gher sometimes lower,
but with no material impact on portfolio risk.
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Fossil Fuel Divestment — Impact on Portfolio Risk

Tracking Error vs. Screening
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Aperio v. [Latin] to make clear, to reveal the truth 1
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Fossil Fuel Divestment — Historical Backtest

Annualized Return Difference,
Rolling 10-Year Periods
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Return numbers show m::cm:w_mo_ return difference between Fuli Carbon
Divestment portfolio and Russell 3000 for periods from Jan 1988 to Dec 2012.

Average Annualized 10-year Return Differerice +0.08%
Percentage of Periods Higher than R3000 73%
Percentage of Periods Lower than R3000 27%
Tracking error, current forecast 0.60%
Tracking error, historical simulation 0.78%

Aperio v. [Latin] to make clear, to reveal the truth
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Important Note

The information contained within this presentation was carefully compiled from sources Aperio believes to be reliable, but we cannot
guarantee accuracy. We provide this infermation with the understanding that we are not engaged in rendering legal, accounting, or tax
services. In particular, none of the examples should be considered advice tailored to the needs of any specific investor. We
recommend that all investors seek out the services of competent professionals in any of the aforementioned areas.

With respect to the description of any investment strategies, simulations, or investment recommendations, we cannot provide any
assurances that-they will perform as expected and as described-in our materials. Past performance is not indicative of future results.
Every investment program has the potential for loss as well as gain.

Assumptions underlying simuilated back test:

Based on Barra Aegis multi-factor risk model

Quarterly rebalancing.

Exclude stocks from Oil Gas & Consumable Fuels industry as defined by MSCI Barra industry for back test.
No transaction costs or management fees included.

Benchmark returns are simulated using underlying holdings to ensure apples-to-apples comparison.

The benchmark for back-test simulation is the Russell 3000 total return index. The simulated portfolios are actively managed, and the
structure of the actual portfolios and composites may be at variance to the benchmark index. Index returns reflect reinvestment of
dividends but do not reflect fees, brokerage commissions, or other expenses of investing, which can reduce actual returns earned by
investors.

Performance results from back tests of particular strategies exclude any trading or management fees that would reduce the return.
Furthermore, future returns for any such strategies could be worse than the results shown or the identified benchmark. Back-testing
involves simulation of a quantitative investment model! by applying all rules, thresholds and strategies to a hypothetical portfolio during
a specific market period and measuring the changes in value of the hypothetical portfolio based on the actual market prices of portfolio
securities. Investors should be aware of the following: 1) Back-tested performance does not represent actual trading in an account
and should not be interpreted as such, 2) back-tested performance does not reflect the impact that material economic and market
factors might have had on the manager's decision-making process if the manager were actually managing client's assets, 3) the
investment strategy that the back-tested results are based on can be changed at any time in order to reflect better back-tested results,
and the strategy can continue to be tested and adjusted until the desired results are achieved, and 4) there is no indication that the
back-tested performance would have been achieved by the manager had the program been activated during the periods presented
above.

Aperio v. [Latin] to make clear, to reveal the truth 3
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Antonia Juhasz

Oil and energy analyst, author and journalist

Testimony in favor of divestment from fossil fuel industry

San Francisco City Hall

April 10, 2013

415-846-5447 antoniaiuhasz @ gmai.com www.TyrannyvofOil.org

Hello, my name is Antonia Juhasz and I am an oil and energy analyst,
authbr, and journalist. I’ve investigated the industry for outlets such as The
New York Times and CNN and in three books, including THE TYRANNY
OF OIL and BLACK TIDE: THE DEVASTATING IMPACT OF THE
GULF OIL SPILL. '

I’ve traveled from Louisiana to Afghanistan to Richmond to uncover what it
means to live where the oil industry operates. I’ve come here today to urge

you to divest from the fossil fuel industry.

Big Oil is looking backward: divesting from clean energy and doubling
down on dirty energy. Investments in Big Oil are an investment in an
increasingly dangerous and dark energy past. As it has always done, San
Francisco should instead look forward to ensure that our investments help

guarantee a clean energy future.

Last week, BP which famously dubbed itself “Beyond Petroleum,”
announced the sale of its $3 billion wind energy business, effectively
eliminating its investment in alternative energy as part of, quote: “a

continuing effort to become a more focused oil and gas company.”’
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Meanwhile, Big Oil uses its record-breaking profits to buy off the public
policy process - stifling our ability to make the very policy choices

necessary to free us from oil once and for all.

Big Oil is turning backward toward a dark energy past. San Francisco must

divest from this industry if we want a future at all.

1 http://www.businessweek.com/news/2013-04-03/ bp—to—sell-u—dot—s-dot—wind—buiness—fn—
retreat-to-fossil-fuels
2 Author’s analysis of companies’ annual financial reports as well as articles such as,

http://www.reuters.com/article/2009/03/17 fus-shell-renewables-idUSTRE52G45U20090317;

http://www.fool.com/investing/general/2013/04/04/bps-recent-sale-shows-little-confidence-in-
renewab.aspx
3 http// www.reuters.com/article/2013/03/2 1/bigoil-rankings-idUSL. INOCCBVP20130321
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April 10, 2013
Testimony on Fossil Fuel Divestment Resolution .
Jamie Henn, 350.org Co-Founder and Communications Director

Thank you very much for hosting this hearing on fossil fuel divestment. And special thanks to
Supervisor John Avalos and his staff for crafting the resolution ci.;rrently under discussion. My nameiis
Jamie Henn and I'm the co-founder and communications director for 350.0rg, an international climate
campaign that is helping support this growing fossil fuel divestment movement.

~ We launched this campaign last fall and already students at over 300 colleges and universities
have taken up the effort. Now, the campaign is spreading to cities and states as well: already more than
100 communities have started pushing for divestment. This fall, the Mayor of Seattle issued a
declaration in support of divestment and is working with the city’s pension fund to pursue this goal.

~ Allof us here, and many more who couldn’t be here today, hope that San Francisco will be next.
In just the last week, 561 local residents have signed a petition calling for divestment.

* Since | know that the Board of Supervisors have supported a number of important climate and
clean energy initiatives, I won’t dwell on the risks that climate disruption pose to our community here in
the Bay and the world at large. Just in the last year, we’ve seen the early impacts of this crisis first hand,
from the historic wildfires in Colorado to Superstorm Sandy.

The fossil fuel industry, in it’s own reports, have made it clear that they intend to burn enough
coal, oil, and gas to release five times more carbon dioxide than our leading scientists say we can emit
and still keep global warming below 2 degrees celsius, a limit than neafly every country on Earth,
including the United States, has agreed to meet. That simple math makes the stakes clear: either the
fossil fuel industry can continue with its business as usual or we can have a livable planet. We can’t have
both, -

Divestment is above all a moral necessity: if it's wrong to wreck the planet, than it's also wrong
to profit from that wreckage. It’s also an effective political tool: it shows the fossil fuel industry that it is
unacceptable to continue with business as usual. And, as other speakers will highlight, it's economically
feasible. In fact, as we look at the long-term risks associated with investments in coal, oiland gas, and
the benefits of investing more sustainable alternatives, it becomes clearer that divestment is a financially
wise course of action.

As Archbishop Desmond Tutu, who won a Nobel Peace prize for his work to end apartheid in
South Africa, put it in a video supporting this new divestment effort, “The divestment movement played
a key role in helping liberate South Africa. The corporations understood the logics of money even when
they weren’t swayed by the dictates of morality. Climate change is a deeply moral issue too, of
course...Once again, we can join together as a world and put pressure where it counts.”

| sincerely hope San Francisco will join in this effort and that the Board of Supervisors will move
this resolution forward. Thank you.
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THE APERIO DIFFERENCE

Author

apernogroup

Do the Investment Math: Building a Carbon-Free
Portfolio

As university endowments face pressure to divest stocks of
companies contributing the most to climate change, much of
the public discussion has focused on the looming math of the
environmental impact of a carbon-based economy. As
endowments decide whether or not to divest or implement
screens, another kind of math is needed as part of the
process: the math of portfolio analysis. (Note: this version
updates an earlier paper from December 2012.)
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Do the Investment Math

In the past few months, a groundswell of public support has been pushing universities to
divest their endowments of holdings in large fossil fuel companies. Writer and
environmental advocate Bill McKibben has coined the phrase “Do the Math,” referring to
the dangers of rising levels of carbon dioxide in the atmosphere. This focus on the math
of climate change has been catalyzed by the publication of his influential article in

" Rolling Stone magazine this past July, “Global Warming’s Terrifying New Math.” This
has been followed up by a 21-city college campus tour encouraging carbon divestment
by large endowments and pension funds.

While some endowments like that of Hampshire college have announced plans to
change their investment approach, many fiduciaries sitting on endowment boards
dismiss with skepticism the idea of a portfolio helping to serve environmental goals.
These skeptics often claim that incorporating environmental screening, however well
intentioned, simply imposes a tax on-investment return. While their wariness reflects a
genuine and valid desire to protect the returns earned by the endowments, outright
dismissal of any screening ignores another kind of math, the kind that measures the risk
to a portfolio rather than the effects of carbon dioxide on our planet.

When the idea of fossil fuel screening gets floated, the first thing an endowment
committee would want to know is the impact on return, especially whether screening
imposes any penalty. The research data on a wide range of social and environmental
screening show no such penalty (nor any benefit either), although the resulis are
mixed.’ Given the lack of evidence of a return penalty, the focus then shifts to the
impact of screening on a portfolio’s risk, which is more predictable and easier to
forecast than return. Skeptics are right when they claim that constraining a portfolio can
only increase risk, but they frequently ignore the magnitude of the change in risk, which
can be so minor as to be virtually irrelevant.

How can this risk impact best be estimated? For analysis, we’ll use a computer program
called a multi-factor model, in this case the Aegis model from the company Barra. Aegis
uses both industry and fundamental factors like price-earnings ratios to measure stock
risk. The model generates a forecast for tracking error, which is the statistical
measurement of deviation from a target benchmark like the S&P 500 or Russell 3000

" for domestic stocks or the MSCI All Country World index for global stocks. Tracking
error is analogous to the concept of darts thrown at a dartboard, where the bull’s-eye is
the benchmark return and the measurement of the dispersion of dart :
throws around the bull’s-eye is the tracking error over a particular time
frame, e.g. monthly returns over the past three years. A small or tight
tracking error means the darts (each representing one monthly return)
are clustered around the bull’'s-eye, and a large or loose tracking error
means the darts are all over the board.

CQIDUi%© 2013 Aperio Group, LLC
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As an example of the impact of screening on tracking error, we’ll analyze the extra risk
of excluding a small sample of companies that the climate change advocates have
identified as particularly harmful, the so-called “Filthy Fifteen,” U.S. companies judged
by As You Sow and the Responsible Endowment Coalition as the most harmful based
on the amount of coal mined and coal burned as well as other metrics. To measure the
impact of excluding these companies, we’ll start with a broad-market U.S. benchmark,
the Russell 3000, then exclude the thirteen publicly traded stocks of the Filthy Fifteen?
and finally use the multi-factor model to create an optimized portfolio as close to the
Russell 3000 as possible. Investors who want a portfolio free of the Filthy Fifteen can
get a tracking error versus the Russell 3000 of only 0.14%, a very minor difference from
the benchmark.

What Does Additional Tracking Error Cost the Investor?

If investors are to decide whether a tracking error of 0.14% to exclude the Filthy Fifteen
seems reasonable or excessive, they need some context for what that number implies.
First, tracking error has an expected value of zero, meaning that in a passive
management framework -a portfolio’s return is just as likely to be above the benchmark
as below. Second, the average expected tracking error for institutional active
management is 5.0% according to a survey of large U.S. pension funds,® which means
that investors already bear comparatively significant tracking error with their active
managers. Third, in the language of statistics, tracking error is an estimate of standard
deviation of returns versus a benchmark, which is in turn the square-root of variance.
That means that tracking error cannot be simply added to overall portfolio risk (see
Table 1). In other words, if the total market's risk is 17.67% (the Barra Aegis forecast
standard deviation for the Russell 3000 as of December 31, 2012), the portfalio risk
does not rise by another 0.14% to 17.81%. Instead, the impact of screening on absolute
portfolio risk must be calculated using variance terms.

Table 1: Impact of Tracking Error for Exclusion of Filthy Fifteen

Theoretical
Standard Deviation Variance = (Std. Dev.)2 Return Penalty
Market Risk (Russell 3000) 17.6657% - 3.1208%
Tracking Error vs. R3000 0.1400% 0.0002%
Screened Portfolio 17.6662% 3.1210%
Incremental Risk 0.0006% 0.0002%

Source: Barra Aegis and Aperio Group

As Table 1 shows, adding 0.1400% of tracking error increases absolute portfolio risk by
only 0.0006%, or about a half of one one-thousandth of a percent. In other words, the
portfolio does become riskier, but by such a trivial amount that the impact is statistically
irrelevant. In other words, excluding the Filthy Fifteen has no real impact on risk.

Skeptics could accurately point out that even for such a trivial amount, investors are
technically bearing additional risk for which they are not compensated. Modern portfolio
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theory holds that any increase in risk should earn an investor a corresponding increase
in return. That theoretical loss of return in this case can be measured by using historical
data for the “market premium,” i.e. the amount of extra return stock market investors
have been paid historically for bearing extra risk. As shown in Table 1, the foregone
return is 0.0002%, or two one hundredths of a basis point. Please see Appendix | for
details on the calculation of the return penalty.

Having seen that excluding the Filthy Fifteen incurs virtually no risk penalty, we’ll now
turn to a stricter set of screens for those endowments who may want to divest a more
comprehensive list of companies from an entire industry, Oil, Gas & Consumable
Fuels.? Table 2 shows the naturally higher tracking error resulting from stricter screens.

Table 2: Impact of Tracking Error for Industry Exclusion

Theoretical
Standard Deviation | Variance = (Std. Dev.)2 Return Penalty
Market Risk (Russeli 3000) 17.6657% 3.1208%
Tracking Error vs. R3000 0.5978% 0.0036%
Screened Portfolio 17.6758% 3.1243%
Incremental Risk 0.0101% 0.0034%

Source: Barra Aegis and Aperio Group. Numbers may not sum exactly due to rounding.

As Table 2 shows, adding 0.5978% of tracking error increases absolute portfolio risk by
0.0101%, with a theoretical return penalty of 0.0034%, or less than half a basis point.
While that tracking error remains very low compared to active stock picking, the industry
emphasis still means that if this industry outperforms the overall stock market, a
portfolio with these exclusions will perform worse, while of course if those industries
perform poorly relative to the market a screened portfolio would perform better.

The approach shown here of using a multi-factor model to manage risk in screened
portfolios has been validated in a number of articles in academic finance journals that
prove and explain this math in greater detail.® Furthermore, while this analysis shows
the effects for U.S. stocks, the math looks very similar for non-U.S. and global portfolios
as well. Excluding more industries increases the tracking error slightly, as presented in
an earlier version of this paper, more details of which can be found in Appendix Il.

Historical Back Test

The risk data discussed so far reflect estimates of future incremental impact on a
portfolio’s volatility. Another approach involves back testing hypothetical portfolios to
see how they would have performed over different historical periods, i.e. looking
backwards instead of forwards. Although such back testing should be taken with a
healthy grain of salt, it can still provide at least some sense of how a screened portfolio
would have performed. Using the same multi-factor Barra model used to create the
portfolio shown in Table 2, the performance has been analyzed using historical return
data. This screened portfolio has been optimized to track the Russell 3000 benchmark
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but with no stocks from Oil, Gas & Consumable Fuels. Shown below is a graph of rolling
ten-year return periods from the end of 1987 through the end of 2012 for the screened
portfolio, called Full Carbon Divestment. The blue bars above the 0.0% line indicate that
the screened portfolio earned a higher average annual return over the trailing ten-year
period, while those below the line indicate the periods for which the portfolio performed
worse than the benchmark.

Annualized Return Difference,
Rolling 10-Year Periods
0.8%
0.6%
0.4%
0.2% it I i
Y ILII.J,,uiL Mg L
REREREEREEREEN -
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Return numbers show annualized return difference betWeen Full Carbon
Divestment portfolio and Russell 3000 for periods from Jan 1988 to Dec 2012.

Average Annualized 10-year Return Difference +0.08%
Percentage of Periods Higher than R3000 73%
Percentage of Periods Lower than R3000 27%
Tracking error, current forecast . 0.60%
Tracking error, historical simulation 0.78%

As the chart and table show, the average return for a 10-year rolling period over the
past 25 years was slightly positive, with 73% of the ten-year periods earning higher
returns. If there is no return bias, then theoretically such a screened portfolio would be
expected to perform better than the benchmark only half the time. In other words, the
historical data may show superior performance, but the model forecasts only risk, not
any ongoing excess return. The hypothetical historical tracking error over the period
was 0.78%, slightly higher than the currently forecasted 0.60%.
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Summary

In deciding whether to implement any divestment, university endowments face
compelling arguments on both sides. From the advocates of divestment, endowments
hear about the serious environmental damage already incurred, the frightening
trajectory of the math and the benefit from taking a public stance on a critical ethical
issue. From the skeptics they hear that screening will adversely affect risk and return
and that the goal of any endowment should be to focus exclusively on returns. The math
shown in Tables 1 and 2 does support the skeptics’ view that screening negatively
affects a portfolio’s risk and return, but it also shows that the impact may be far less
significant than presumed. It's beyond the scope of this paper to judge whether
endowments should implement or avoid screening, but anyone on an endowment board
facing that decision should at least do the math, in this case the investment math.
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Appendix I: Calculation of Theoretical Return Penalty

We can convert the uncompensated risk to a theoretical return penalty by using a
simplified historical risk premium. Based on S&P 500 returns and risk (as a proxy for the
U.S. stock market) from January 1926 to June 2011, we find a total market annual
return of 9.88 percent versus T-bills over the same period of 3.60 percent for an excess
return of 6.29 percent. From the same data set, the S&P 500 has had an annualized
standard deviation of 19.14 percent, giving a simplified market Sharpe ratio of 0.33,
calculated as follows: Market Sharpe ratio =( — )/, where is return on market, is risk-
free rate, and is the risk of the market as measured by standard deviation. The
simplified historical market Sharpe ratio is calculated as follows:

(9.88% — 3.60%) / 19.14% = 0.33. The theoretical return penalty in Table 1 is calculated
as follows: 0.0005% incremental standard deviation times a Sharpe ratio of 0.33 equals
0.0002%, or two one-hundredths of a basis point in theoretical foregone return. In other
words, the impact on return, according to standard portfolio theory, is virtually
nonexistent for eliminating the Filthy Fifteen.

Appendix ll: Screening Impact of Broader Exclusions
In an earlier version of this paper, published in December 2012, Aperio Group analyzed
a broader range of industry exclusions, as listed below.

Oil, Gas & Consumable Fuels

Metals & Mining

Electric Utilities

Independent Power Producers & Energy Traders
Multi-Utilities

To avoid penalizing cleaner companies in those industries, those scored by MSCI's
environmental research as receiving 100% of their revenue from environmentally
sustainable businesses have been added back and made available. Table 3 shows the
naturally higher tracking error resulting from stricter screens. :

Table 3: Impact of Tracking Error for Broad Carbon Exclusion

Theoretical
Standard Deviation | Variance = (Std. Dev.)2 Return Penalty
Market Risk (Russell 3000) 17.9500% 3.2220%
Tracking Error vs. R3000 0.6900% - 0.0048%
Screened Portfolio 17.9633% 3.2268%
Incremental Risk 0.0133% 0.0044%

Source: Barra Aegis and Aperio Group. Estimates as of November 30, 2012.
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Disclosure

The information contained within this presentation was carefully compiled from sources Aperio believes to be reliable,
but we cannot guarantee accuracy. We provide this information with the understanding that we are not engaged in
rendering legal, accounting, or tax services. In particular, none of the examples should be considered advice tailored
to the needs of any specific investor. We recommend that all investors seek out the services of competent
professionals in any of the aforementioned areas.

With respect to the description of any investment strategies, simulations, or investment recommendations, we cannot
provide any assurances that they will perform as expected and as described in our materials. Past performance is not
indicative of future results. Every investment program has the potential for loss as well as gain.

Assumptions underlying simulated back test:

+ Based on Barra Aegis mulii-factor risk model

»  Quarterly rebalancing.

»  Exclude stocks from Oil Gas & Consumable Fuels industry as defined by MSCI Barra industry for back test.
»  No transaction costs or management fees included.

+  Benchmark returns are simulated using underlying holdings to ensure apples-to-apples comparison.

The benchmark for back-test simulation is the Russell 3000 total return index. The simulated portfolios are actively
managed, and the structure of the actual portfolios and composites may be at variance fo the benchmark index. Index
returns reflect reinvestment of dividends but do not reflect fees, brokerage commissions, or other expenses of
investing, which can reduce actual returns earned by investors.

Performance results from back tests of particular strategies exclude any trading or management fees that would
reduce the return. Furthermore, future returns for any such strategies could be worse than the results shown or the
identified benchmark. Back-testing involves simulation of a quantitative investment model by applying all rules,
thresholds and strategies to a hypothetical portfolio during a specific market period and measuring the changes in
value of the hypothetical portfolio based on the actual market prices of portfolic securities. Investors should be aware
of the following: 1) Back-tested performance does not represent actual trading in an account and should not be
interpreted as such, 2) back-tested performance does not reflect the impact that material economic and market
factors might have had on the manager’s decision-making process if the manager were actually managing client’s
assets, 3) the investment strategy that the back-tested results are based on can be changed at any time in order to
reflect better back-tested results, and the strategy can continue to be tested and adjusted until the desired results are
achieved, and 4) there is no indication that the back-tested performance would have been achieved by the manager
had the program been activated during thé periods presented above.
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Endnotes

! United Nations Environment Programme (UNEP) Finance Initiative and Mercer. 2007. Demystifying
Responsible Investment Performance.
http://www.unepfi.org/fileadmin/documents/Demystifying Responsible Investment Performance 01.

pdf. *

2 The following companies incorporate the. thirteen publicly trade stocks of the Filthy Fifteen:
Arch Coal Inc '
Ameren Corp

American Elec Pwr Inc

Alpha Natural Resource

Consol Energy Inc

Dominion Res Inc

Duke Energy Corp

Consolidated Edison
- Edison Intl

Firstenergy Corp

Genon Energy Inc

PPL Corp

Southern Co

* Based on a survey of Callan Associates, Inc., Mercer Investment Consulting and Watson Wyatt
Worldwide. For details see GMO. 2007. White Paper, “What Should You Pay For Alpha?”,
https://www.gmo.com/NR/rdonlyres/F8E38661-0CD6-49EB-97DF-
8D7B6AC32B43/1007/HowMuchPayForAlpha.pdf. *

% Based on the Global industry Classification Standards developed by MSCI and Standard & Poor’s.
® See the following articles:

Geddes, Patrick. 2012. Measuring the Risk Impact of Social Screening. Journal of
Investment Consulting 13, no. 1: 45-53.

Jennings, William W., and Gregory W. Martin. 2007. Socially Enhanced Indexing:
Applying Enhanced Indexing Techniques to Socially Responsible Investment. Journal of
Investing 16, no. 2 (summer): 18-31.

Kurtz, Lloyd, and Dan diBartolomeo. 2011. The Long-Term Performance of a Social
Investment Universe. Joumnal of Investing (fall). 95-102.

Milevsky, Moshe, Andrew Aziz, Al Goss, Jane Thompson, and David Wheeler. 2006.
Cleaning a Passive Index. Journal of Portfolio Management 32, no. 3 (spring): 110-118.

* Any link shown above will take you to an external web site. We are not responsible for their content.
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