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~oundations of human well-being

Human well-being is supported by three pillars:

e economic conditions and processes

employment, income & wealth (magnitude &
distribution), markets, trade...

e sociopolitical conditions and processes

law & order, national & homeland security,
governance, liberty, justice, equity, education,
health care, science, culture & the arts...

e environmental conditions and processes

air, water, soils, mineral resources, the biota,
nutrient cycles, climatic processes...



About the three pillars

* In the past, “development” has mainly referred to
strengthening the economic pillar.

 Recently the sociopolitical and environmental pillars
have gotten more attention, but they remain widely
undervalued compared to the economic one.

 |n reality, the pillars are co-equal in importance,
because:

— each Is indispensable,

— and all interconnected.



he three pillars: key interconnections

 The economy needs environmental inputs and
sociopolitical stability.

 Many sociopolitical & environmental improvements
must be paid for, hence depend on a degree of
economic well-being.

o Sociopolitical stability and values can’t survive either
economic or environmental disaster.



“Development” and “sustainability”

Development should mean improving human
well-being in all 3 dimensions  economic,
sociopolitical, and environmental.

Sustainable development should mean doing

so by means & to end points consistent with
maintaining the improvements indefinitely.



Getting to sustainabllity entails...

* Not only employing sustainable development to
achieve well-being where it's now absent,

e but also putting the maintenance & expansion of
well-being where it's now present onto a
sustainable basis.

We are far from doing either...and moving
much too slowly on both.



Key sustainablility challenges

Eradicating extreme poverty
Defeating preventable diseases

Mastering the energy/economy/environment
dilemma (above all, providing the energy our
economies need without wrecking the climate our
environment needs)

Adapting to the degree of climate change that
can no longer be avoided

Managing (at the same time!) the intensifying
competition for the planet’s land, water, &
biomass



The ch

allenges are interconnected

 Poverty & local environmental degradation are
linked In a vicious circle of cause & effect.

— deforestation for fuelwood, subsistence
farming; desertification & erosion from
overgrazing

e Preventable disease is linked to environment &
poverty.
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Interconnections (continued)

 Economic progress intensifies the competition
for land, water, & NPP, as well as the
energy/economy/climate dilemma:

— Improved diets increase demand for grain (for
animal feed), grazing land, soybeans, fish...

— use of water & energy soar with income

— climate change, largely from energy supply,
iImperils terrestrial & marine food production
and water availability...while increasing
demand for biofuels (to replace fossil fuels)
and standing forests (to keep CO, out of
atmosphere).



How are we doing? Millennium
Development Goals & Targets

GOAL 1

TARGET 1
TARGET 2

GOAL 2
TARGET 2

GOAL 3
TARGET 4

GOAL 4
TARGET 5
GOAL 5
TARGET &
GOAL 6

TARGET 7
TARGET &

ERADICATE EXTREME POVERTY AND HUNGER

Halve, between 1990 and 2015, the proportion of people whose income is less than $1 a day
Halve, between 1990 and 2015, the proportion of people who suffer from hunger

ACHIEVE UNIVERSAL PRIMARY EDUCATION

Ensure that by 2015, children everywhere, boys and girls alike, will be able to complete a full
course of primary schooling

PROMOTE GENDER EQUALITY AND EMPOWER WOMEN

Eliminate gender disparity in primary and secondary education, preferably by 2005, and at all
levels of education no later than 2015

REDUCE CHILD MORTALITY

Reduce by two-thirds, between 1990 and 2015, the under-five mortality rate
IMPROVE MATERNAL HEALTH

Reduce by three-quarters, between 1990 and 2015, the maternal mortality ratio
COMBAT HIV/AIDS, MALARIA, AND OTHER DISEASES

Have halted by 2015 and begun to reverse the spread of HIV/AIDS
Have halted by 2015 and begun to reverse the inadence of malaria and other major diseases

World Bank, Global Monitoring Report, 2007



Millennium Development Goals & Targets

(continued)

GOAL 7
TARGET 9

TARGET 10

TARGET 11
GOAL B

TARGET 12

TARGET 13

TARGET 14

TARGET 15
TARGET 16
TARGET 17

TARGET 18

ENSURE ENVIRONMENTAL SUSTAINAEBILITY

Integrate the principles of sustainable development into country policies and programs and
reverse the loss of environmental resources

Halve by 2015 the proportion of people without sustainable access to safe drinking water and
basic sanitation

Have achieved a significant improvement by 2020 in the lives of at least 100 million slum dwellers
DEVELOP A GLOBAL PARTNERSHIF FOR DEVELOPMENT

Develop further an open, rule-based, predictable, nondiscriminatory trading and financial system
linduding a commitment to good governance, development, and poverty reduction, nationally
and internationally)

Address the special needs of the least developed countries (including tariff- and quota-free access
for exports of the least developed countries; enhanced debt relief for heavily indebted poor
countries and cancellation of offical bilateral debt; and more generous official development
assistance for countries committed to reducing poverty)

Address the specal needs of landlocked countries and small island developing states (through the
Programme of Action for the Sustainable Development of Small Island Developing States and the
outcome of the 22nd special session of the General Assembly)

Deal comprehensively with the debt problems of developing countries through national and
international measures to make debt sustainable in the long term

In cooperation with developing countries, develop and implement strategies for decent and
productive work for youth

In cooperation with pharmaceutical companies, provide access to affordable, essential drugs in
developing countries

In cooperation with the private sector, make available the benefits of new technologies, especially
information and communication

World Bank, Global Monitoring Report, 2007
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With half the population of developing regions without sanitation, the
2015 target appears to be out of reach

Proportion of population by sanitation practices, 1980 and 2008 (Percantage)
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The number of species facing extinction is growing by the day, especially
in developing countries

Proportion of species expected to remain extant in the near future in the absance of
additional conservation action (IUCM Red List Index of species survival for birds,
19868-2008, and mammals, 1986-2008)
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The two toughest challenges: 1. the energy/
economy/environment dilemma

* Avalilable, affordable energy is an
Indispensable input for meeting basic human
needs, increasing standards of living, and
fueling economic growth

e But harvesting, transporting, and using
energy are responsible for many of the
most damaging & Iintractable environmental
threats to human well-being at every scale
from the local to the global.



Specifically, energy Is responsible for

 most indoor and outdoor air pollution

 much of the hydrocarbon and trace-metal
pollution of soil and ground water

« essentially all of the oil added by humans
to the seas

e most radioactive waste

* most of the society’s emissions of the
greenhouse gases that are disrupting
global climate.



Of all these impacts, climate change is the
most dangerous and intractable

 Most dangerous because climate is the “envelope
within which all other environmental conditions &

processes operate.

 Most intractable because the main driver Is the
emission of CO, from fossil-fuel use supplying 80%
of world energy.



Five myths about the climate challenge

1. A little global warming won’t hurt anything.
2. The Earth has been cooling since 1998.

3. If climate-change is a problem, the danger
Is far in the future.

4. The hacked e-mails and IPCC mistakes
show that mainstream climate science Is
deeply flawed if not fraudulent.

5. Taking serious action to reduce climate-
change risks will wreck the economy.



“Global warming” Is a (dangerous) misnomer

That term implies something...
 uniform across the planet,
 mainly about temperature,
e gradual,
e (uite possibly benign.
What's actually happening is...
 highly nonuniform,
e not just about temperature,
e rapid compared to capacities for adjustment
 harmful for most places and times
We should call it “global climate disruption”.



Why average temperature isn’t everything

Climate = weather patterns, meaning averages,
extremes, timing, spatial distribution of...

* hot & cold

e cloudy & clear

e humid & dry

e drizzles & downpours

« snowfall, snowpack, & snowmelt
e breezes, blizzards, tornadoes, & typhoons

Climate change means disruption of the patterns.

Global average temperature is just an index of the state of
the global climate as expressed in these patterns. Small
changes in the index  big changes in the patterns.



Can’t hurt anything?

Climate governs (so climate disruption affects)

avallability of water

productivity of farms, forests, & fisheries
prevalence of oppressive heat & humidity
formation & dispersion of air pollutants
geography of disease

damages from storms, floods, droughts, wildfires
property losses from sea-level rise

expenditures on engineered environments
distribution & abundance of species



GISS Temperature Deviation [°C]
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Harm only far in the future? Wildfires
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Harm only far in the future? Heat waves
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In fact, harm is already occurring widely

Worldwide we’re seeing, variously, increases in

floods

wildfires

droughts

heat waves

pest outbreaks

coral bleaching events

power of typhoons & hurricanes
geographic range of tropical pathogens

All plausibly linked to climate change by theory, models,
observed “fingerprints”



Did “climategate” cast doubt on these
conclusions?

 E-mails show climate scientists are human, too,
and that they resist sharing data with those they
nelieve have no interest in truth-seeking.

e |PCC missteps show need for following review
orocedures rigorously, but errors discovered so
far are few and unimportant.

 |PCC is not the source of our understanding of
climate — it’s just one of the messengers. The
sources are the global community of climate
scientists and the mountain of peer-reviewed
research they’ve produced over decades.




Can’t afford to reduce climate-change risks?

e Our options going forward are only three:
— mitigation
— adaptation
— suffering

 We're doing all three now & will do more of all three;
what’s up for grabs is the mix.

 We need enough mitigation to avoid unmanage-
able climate change & enough adaptation to
manage what we don’t avoid.

e The costs of failing in this are likely to be far higher
than the costs of the mitigation & adaptation needed
to succeed.



Can’t afford to mitigate It?

* Current global CO, emission rate from fossil fuels
+ deforestation 10 billion tonnes of C per year.

Paying $100/tC to avoid %2 of it would be $0.5
trillion/year, under 1% of GWP (much of it a
transfer, not money down a black hole).

 World spends 2.5% of GWP on defense; USA
spends 5% of GDP on defense, 2% on
environmental protection.

e Mainstream models say mitigation to stabilize at
450-550 ppmv CO,e  ~1-3% GWP loss (range
0.5-5%) in 2030, 2100.



The toughest challenges: 2. The competition
for land, water, & biomass

 land for housing, commerce, industry, and transport
Infrastructure

o water for homes, businesses, industry, power-plant
cooling

e land, water, and biomass for food, forage, fiber,
biofuels, chemical feedstocks

e land, water, & biomass for recreation, beauty,
solace of unspoiled nature, ecosystem functions




Key ecosystem functions

regulation of water flows
purification/detoxification of soll, water, air
nutrient cycling

soil formation

controls on pests & pathogens

pollination of flowers & crops

biodiversity maintenance

climate regulation (evapotranspiration, reflectivity, &
carbon sequestration)
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Annual net change In forest area, 2000-2005
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Biofuels: the next “growth industry”
competing for forest lands?
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Competition for water: the baseline

cubic kilometers

Water in the oceans 1,400,000,000
Water locked up in ice 30,000,000
Ground water 10,000,000
Water in lakes & rivers 100,000

cubic kilometers per year
Precipitation on land 120,000
Evaporation from land 70,000
River runoff & groundwater recharge 50,000
Avallable river flow & recharge* 12,000
Withdrawals for human use 5,000
World desalting capacity 13

* = runoff + recharge — uncaptured storm runoff — remote areas



Competition for water: human uses

cubic kilometers per year

Global withdrawals for human use 5,000

of which agriculture 3,500

...Industry 1,000

...domestic 500

of which drinking water 5

...bottled water 0.17
cubic meters per person per year
Global average withdrawals per person 800
Nigeria... 50
Israel... 300
China... 500
Mexico... 800
Italy... 1,000

United States... 2,000
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Obstacles to managing the climate-change
and resource-competition challenges

pressure of rising population & affluence

Impacts of global climate disruption on water
supply, plant productivity, and demands for biofuels
& carbon sequestration

toxic spillovers from agriculture, industry, energy
supply into ecosystems

other interactions among stresses & demands

failure to charge a price for consumption/destruction
of environmental resources and services



Obstacle: rising population & affluence
The “IPAT” relation:

Environmental Impact =

Population (number of people)
X Affluence (income per person, $)
X Technology (impact per $)

where the “Technology” factor is the result of society’s choices about
how the income is derived and spent (energy sources,

manufacturing technologies, transportation systems, land-use
management...); and

the larger the product of population times affluence, the greater the

requirement for “good” choices about technology in order to limit
environmental impact.
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Obstacle: toxic spillovers

Wet and dry reactive nitrogen deposition from the
atmosphere, early 1990s and projected for 2050

Early 1990s 2050

mig nitragen per sq. mater per year
5 &5 S0 100 250 500 750 1000 2000 5000

Sounce: Galloway el al. 2004




Obstacle: climate-change/water interaction

Disruption of global climate is...

Increasing precipitation on the average while accentuating
both floods & droughts

reducing snowpack & accelerating snowmelt, increasing
losses to storm runoff

melting the Himalayan glaciers that stabilize the flows of the
great rivers of China and India

reducing summer soil moisture in mid-continents, increasing
Irrigation needs

warming surface waters, resulting in reduced dissolved
oxygen & waste-assimilation capacity, changes in species
composition, and improved habitat for disease vectors

raising sea level, imperiling estuaries, deltas, and coastal
aquifers
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The sustainabllity stance of the Obama
Administration

o Key appointments

e Guidance to agencies

e Agency Iinitiatives

* Revitalizing broad interagency efforts

e New studies and assessments



Some key sustainability appointments

e NOAA: Administrator Jane Lubchenco

e EPA: Administrator Lisa Jackson, Ass’t
Administrator for R&D Paul Anastas

e USGS: Director Marcia McNutt

« USAID: Administrator Raj Shah

« CEQ: Chair Nancy Sutley

e OECC: Director Carol Browner

e OSTP: Assoc Dir for Env’t Shere Abbott

« PCAST: Rosina Bierbaum, Mario Molina,
Barbara Schaal, Dan Schrag



The President and his PCAST
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Guidance to agencies

e Executive Order on Federal Leadership in Environ-
mental, Energy, & Economic Performance (10-09)

— “to establish an integrated strategy towards sustainability
In the Federal Government and to make reduction of
greenhouse gas emissions a priority...”

— designation of agency senior sustainability officers
— sustainable buildings & acquisition policies
— targets for GHG reductions in Federal agencies

« Executive Order on National Oceans Policy (7-10)

— “to ensure that the ocean, our coasts, and the Great Lakes
are healthy & resilient, safe & productive...for present and
future generations”

— National Oceans Council chaired by Holdren & Sutley
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USGCRP’s Legislative mandate: the Global
Change Research Act

 Established the U.S. Global Change Research Program

e Purpose “coordination of a comprehensive and
Integrated United States research program which will
assist the Nation and the world to understand, assess,
predict, and respond to human-induced and natural
processes of global change.”

« USGCRP goals are more appropriate now than ever
before

* Response includes: mitigation and adaptation



USGCRP budgets on the rise




USGCRP: strengthening the science core

* Regional Climate Prediction — downscaling GCMs to
understand how local conditions will change

* Precipitation — reducing model uncertainty, particularly regarding
the formation and dynamics of clouds

* [ce —increasing knowledge of basal processes and ice shelf dynamics

* Aerosols — understanding how sulfates, black carbon, sea salt and
dust affect temperature and rainfall

» Paleoclimate - resolving questions about proxy data and improving
temperature reconstructions, especially prior to 1500



New emphases in the USGCRP

* Adaptation Research

e Integrating complex human dimensions, such as
economics, management, governance, behavior, and
equity

e Interdisciplinary research that takes into account the
Interconnectedness of the Earth system

* Reaching out to the community of researchers, engineers
and other experts who work on reducing risks



New USGCRP emphases (continued)

* Integrated Assessments

* Engaging localities and sectors to aggregate information into a
national picture of climate impacts

« Gathering information on the “demand-side” of the adaptation
problem, where people live and work, to reorient research and
observation investments

* Providing information and capabilities needed by those
experiencing impacts



New USGCRP emphases (continued)

* Climate Services

* Providing analysis and assessment that is ongoing, science-
based, user-responsive, and relevant to all levels of interest,
e.g., local, regional, national and international

« Communicating climate change information to users

 Plus — coordination among Science, Adaptation, &
Mitigation
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The best news for sustainability: we have a
President who Is paying attention...



...and who has VISION!




