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Environment, well-being, & sustainability

Human well-being rests on three pillars:

• economic conditions and processes

– such as jobs, income, wealth, markets, trade

• sociopolitical conditions and processes

– such as law & order, national & homeland 

security,  democracy, justice, education, a social 

safety net, culture & the arts, freedom of 

religion…

• environmental conditions and processes 

– such as air, water, soils, mineral resources, the 

biota, nutrient cycles, climatic processes…



Environment…& sustainability (continued)

Arguments about which one of the three pillars is 

“most important” are pointless, because...  

• Each is indispensable:  failure in any one can 

undermine the human enterprise.  

• The three are interconnected:

– the economy needs environmental inputs & 

sociopolitical stability

– sociopolitical stability cannot survive economic  

or environmental disaster.



Some definitions

• Development:  improving the human condition in 

all its aspects, not only economic but also 

sociopolitical and environmental.

• Sustainable development:  doing so by means 

and to end points consistent with maintaining the 

improved conditions indefinitely.



Getting to sustainability entails…

• Not only achieving well-being where it’s now 

absent with sustainable development

• 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.



Getting to sustainability: the 4 biggest 

challenges

• Eradicating poverty & preventable disease

• Maintaining the integrity of the oceans under 
increased demands & impacts

• Managing the intensifying competition for land, 
water, and terrestrial biota while preserving 
essential biodiversity

• Providing the energy needed to create & sustain 
prosperity everywhere without wrecking global 
climate



These challenges are interconnected

• Poverty & local environmental degradation are 

linked in a vicious circle of cause & effect.

– deforestation for fuelwood, subsistence 

farming;   desertification & erosion from 

overgrazing

• Preventable disease is linked to environment & 

poverty.

– lack of sanitation & clean water, acute air 

pollution in rural dwellings from traditional 

fuels, malnutrition & low birth weight from 

inadequate diets



Interconnections (continued)

• The oceans suffer particularly when people get 

richer:

– improved diets  overfishing 

– pollution from aquaculture 

– dead zones from fertilizer runoff  

– oil spills from tankers & drilling rigs  

– coral reefs being destroyed by construction 

runoff, cruise ships, live-fish trade, and 

heating & acidification from the build-up of 

atmospheric CO2.     



Interconnections (continued)

• Economic progress also intensifies the compe-

tition for land, water, & terrestrial biota, as well 

as the energy/economy/climate dilemma:

– improved diets increase demand for grain (for 

animal feed), grazing land, soybeans…

– use of water & energy soar with income

– climate change, driven mainly by CO2 from 

fossil fuels, imperils food production & water 

supply, as well as increasing demand for 

biofuels (to replace fossil fuels) and standing 

forests (to keep CO2 out of atmosphere).



The energy-economy-climate challenge…

…is paramount in the senses that

• Without energy there is no economy

• Without climate there is no environment



The science of climate-change in summary

• “Global warming” is a misnomer because it implies gradual, 

uniform, mainly about temperature, & quite possibly benign.  

– But what’s happening is rapid, nonuniform, affecting 

everything about climate, & almost entirely harmful.

– A more accurate term is “global climatic disruption”.

• The disruption is… 

– real without doubt;

– mainly human-caused;

– already producing significant harm;  and

– growing more rapidly than expected.



The Earth is getting hotter.

Green bars show 95% 

confidence intervals

2005 was the hottest year on record;   

2007 tied with 1998 for 2nd hottest; 14 

hottest all occurred since 1990, 

http://data.giss.nasa.gov/gistemp/graphs/



Source: Hansen et al., Science 308, 1431, 2005.

And we know 

why

Top panel shows 

best estimates of 

human & natural 

climate forcings 

1880-2005. 

Bottom panel shows 

that state-of-the-art 

climate model, fed 

these forcings, 

reproduces the 

temperatures 

observed.



But temperature is only part of the story

Climate is the pattern of weather, meaning averages,

extremes, timing, spatial distribution of…

• hot & cold

• cloudy & clear

• humid & dry

• drizzles & downpours

• snowfall, snowpack, & snowmelt

• zephyrs, blizzards, tornadoes, & typhoons

When climate changes, the patterns change.

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. 



J. Hansen et al., PNAS 103: 14288-293 ( 2006)

The heating is not uniform geographically

Surface T in 2001-2005 vs 1951-80, averaging 0.53ºC increase

(Biggest ΔTs are in far North & Antarctic peninsula)



Sea ice is shrinking in both Arctic and Antarctic

September 2005 September 2007

US National Snow & Ice Data Center, 2007



Melting at the edges of the Greenland & Antarctic 

land ice sheets is accelerating

1992 2002 2005

Source: ACIA, 2004 and CIRES, 2005

In 1992 scientists measured this 

amount of melting in Greenland as 

indicated by red areas on the map

Ten years later, in 2002, the 

melting was much worse

And in 2005, it accelerated 

dramatically yet again



1993-2003 ≈ 30 mm = 3.0 mm/yr;  compare 1910-1990 = 1.5±0.5 mm/yr.

Melting land ice and thermal expansion 

of ocean water are raising sea level
mm

ACIA, 2004



Uneven heating also changes the winds
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…which changes moisture transport

Weakening monsoon means less moisture flow South 

to North, producing increased flooding in South, 

drought in North

Qi Ye, Tsinghua University, May 2006

China



The trend is most pronounced in Asia

Major floods are up on every continent

Major floods per decade, 

1950-2000 



Regions prone to wildfires are getting more so

Source: Westerling et al. 2006

Western US area burned

Wildfires in the Western USA have increased 4-fold in the last 30 years.



WHO estimated that climate change was already 

causing ≥150,000 premature deaths/yr in 2000



Under BAU much bigger disruption is coming

Last time T was 2ºC 

above 1900 level was 

130,000 yr BP, with 

sea level 4-6 m higher 

than today.

Last time T was 3ºC 

above 1900 level was 

~30 million yr BP, with 

sea level 20-30 m 

higher than today.

Note: Shaded bands 

denote 1 standard 

deviation from mean 

in ensembles of model 

runs

IPCC 2007

EU target ∆T ≤ 2ºC 

IPCC (2007) 

scenarios



Percentage change in average duration of longest dry period, 30-year 

average for 2071-2100 compared to that for 1961-1990.

Drought projections for IPCC„s A1B scenario

What more is in store:  droughts



+7 m

+12 m +70 m

GIS = Greenland Ice 

Sheet

WAIS = West 

Antarctic Ice Sheet

EAIS = East 

Antarctic Ice Sheet

What‟s in store 

for sea level?

Melting the 

Greenland and 

Antarctic Ice Sheets 

would raise sea level 

up to 70 meters.

This would probably 

take 1000s of years, 

but rates of 2-5 m 

per century are 

possible.

Dr. Richard Alley, 2005



Facing these dangers…

…we have only three options:

• Mitigation, meaning measures to reduce the pace 

& magnitude of the changes in global climate being 

caused by human activities.

• Adaptation, meaning measures to reduce the 

adverse impacts on human well-being resulting 

from the changes in climate that do occur.

• Suffering the adverse impacts that are not avoided 

by either mitigation or adaptation.



Concerning the three options…

• We’re already doing some of each.

• What remains to be determined is what the 

future mix will be.

• Minimizing the amount of suffering in that mix 

can only be achieved by doing a lot of mitigation 

and a lot of adaptation.



Adaptation possibilities include…

• Changing cropping patterns

• Developing heat-, drought-, and salt-resistant 
crop varieties

• Strengthening public-health & environmental-
engineering defenses against tropical diseases

• Building new water projects for flood control & 
drought management

• Building dikes and storm-surge barriers against 
sea-level rise

• Avoiding further development on flood plains & 
near sea level

Some are “win-win”:  They’d make sense in any case.



Mitigation options

CERTAINLY

• Reduce emissions of greenhouse gases & soot 
from the energy sector

• Reduce deforestation; increase reforestation & 
afforestation

• Modify agricultural practices to reduce emissions 
of greenhouse gases & build up soil carbon

POSSIBLY

• “Geo-engineering” to create cooling effects 
offsetting greenhouse heating 

• “Scrub” greenhouse gases from the atmosphere 
technologically



But mitigation is difficult

• Human CO2 emissions are the biggest piece of the 

problem (50% and growing)

– 3/4 comes from burning coal, oil, & natural gas 

(and these supply 80% of world energy)

– 1/4 comes from deforestation & burning in the 

tropics

• Global energy system can’t be changed quickly:  

$15T is invested in it & normal turnover is ~40 yrs.

• Deforestation isn’t easy to change either: forces 

driving it are embedded in the economics of food, 

fuel, timber, trade, & development.



And a lot of mitigation is required

• Risks of unmanageable impacts grow rapidly for 

ΔTavg > 2°C compared to pre-industrial

• A better than even chance of not passing this 

level requires stabilizing human influences on 

the atmosphere at < 450 ppm CO2-equivalent

• Achieving this means CO2 emissions must level 

off & start to decline by 2020-25 worldwide.

• Considerations of historical responsibility, equity, 

& capacity suggest this should happen in 

industrial countries no later than 2012-15.



A bit of good news

• Some fast & cheap reductions are available from 

increasing the efficiency of energy use in buildings, 

industry, and transport.

• Efficiency increases are often “win-win”:  benefits 

in saved energy, increased domestic jobs & energy 

security, and reduced pollution justify the costs.

• Some supply-side mitigation is also “win-win”, e.g., 

cogeneration, wind, some biofuels approaches.  



The bad news

• The “win-win” approaches will not be enough. 

Achieving sufficient mitigation will require putting a 

substantial price on emissions of greenhouse 

gases.

This can be done with an emissions tax or with 

emissions limits implemented through tradable 

permits – “cap and trade”.

Who gets the permits and who gets the money will 

be paramount questions politically.



Supply curve for GHG abatement in 2030

McKinsey, 2007



Can we afford it?  

• Current global CO2 emission rate from fossil fuels 

+ deforestation ≈ 10 billion tonnes of C per year.  

Paying $100/tC to avoid ½ 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.  

• Mainstream models say mitigation to stabilize at 

450-550 ppmv CO2e  ~1-2% GWP loss (range 

0.5-3%) in 2030, 2100.



Climate change: What to do

• Accelerate “win-win” mitigation and adaptation 

measures starting immediately. 

• Put a price on GHG emissions now so marketplace 

can start working to find cheapest reductions

• Complete by 2009 a new global framework for 

mitigation and adaptation in the post-2012 period

• Ramp up investments in energy-technology RD&D 

by 4-10X starting now.

• Expand international cooperation on deploying 

advanced energy technologies starting now.



Managing the competition for land, 

water, and the terrestrial biota 



The competing uses

• land for housing, commerce, industry, and transport 

infrastructure 

• Water for homes, businesses, industry, power-plant 

cooling

• land, water, and plant productivity for food, forage, 

fiber, biofuels, chemical feedstocks

• land, water, & biota for recreation, beauty, solace of 

unspoiled nature, and ecosystem functions



Key ecosystem functions

• regulation of water flows

• purification/detoxification of soil, water, air

• nutrient cycling

• soil formation

• controls on pests & pathogens

• pollination of flowers & crops

• biodiversity maintenance

• climate regulation (evapotranspiration, reflectivity, & 

carbon sequestration)



Competing uses for water vs availability
cubic kilometers per year

Global available flow 12,000

Global withdrawals for human use                    5,000

of which agriculture 3,500

…industry                               1,000

…domestic 500

of which drinking water         5

Global desalting capacity 13

cubic meters per person per 
year

Global average withdrawals per person        800

Nigeria… 50

China… 500

Mexico… 800

Italy… 1,000

United States… 2,000



UNDP Human Development Report 2006, p 140, Map 4.1

The geography of water stress



Costs of water in the United States

dollars per cubic 

meter

To western farmers (heavily subsidized)             $0.05-0.10

To urban users $0.25-0.75

To California residences $0.50

Desalted water at the desalination plant*          $0.75-1.50

Bottled water in California $1000.00

* Delivered cost is $0.10-0.50 higher.  Sixty percent of production 

cost at large thermal desalination plants around 2004 was for 

energy;  thus desalting costs go up sharply as energy costs go up.



Competition for  

land & vegetation

Croplands & pasture-

lands now cover ~40% 

of world land area.

Forest area has 

declined by ~10 

million km2 (about 

20%) in the last 300 

years, with most of the 

loss in the last 50.

Desert & near-desert 

land has increased by 

nearly as much.

Cities, roads, & 

airports now cover 2% 

of world land.

Foley et al., SCIENCE 309, 2005



The world‟s forests…

• cover about 30% of the land area 

• perform about half of terrestrial photosynthesis 

(net primary productivity)

• contain more than half of terrestrial biodiversity

• store three quarters of the planetary plant 

biomass 

– and thus 75% of the carbon sequestered therein

• economically, the forest sector accounts for

– 0.3 percent of global employment

– 1.1 percent of global GDP

– 1.6 percent of world trade



Annual net change in forest area, 2000-2005



Millennium Ecosystem Assessment, Current State and Trends: Findings of the 

Conditions and Trends Working Group, 2005, Chapter 4, S10.



Soy fields carved into rainforest in the state of Mato Grosso, Brazil

Moutinho and Schwartzman, 2005

Competition for land “on the ground”: 

rainforest in Brazil vs. tofu for China



Percentage of species threatened with 

extinction as of 2000

Chapin et al., 2000

The IUCN 2007 “Red List” 

shows increases in all 

categories, with climate 

change identified as an 

increasingly important 
factor.



Obstacles to managing the competing uses 
of land, water, and the biota

• pressure of rising population & affluence 

• toxic spillovers from agriculture, industry, energy 

supply 

• impacts of global climate disruption on water 

supply, plant productivity, and demands for biofuels 

& carbon sequestration

• other interactions among stresses & demands

• frequent failure to charge a price for destroying 

environmental resources and services



Each of these obstacles is daunting in 

itself.  

Together they threaten to overwhelm our 

capacity to manage the competing human 

demands on our land and soils and biota 

in a manner that allows us to improve our 

lives over time and to pass on to our 

children and grandchildren a future that 

works. 



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.



Crutzen & Steffen, 

Climatic Change 

61, 2003

Population 

and 

affluence: 

1750-2000



Wet and dry reactive nitrogen deposition from the 

atmosphere, early 1990s and projected for 2050

Obstacle:  toxic spillovers



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



UNDP Human Development Report 2006

Climate change and water (continued)



Obstacle:  Climate-change/forest interaction  

Forest pathogen distribution & severity

4+ million hectares of spruce lost on Alaska’s Kenai Peninsula



Climate-change/forest interaction

Species distribution

Most of the US Northeast stands to lose the sugar maple.

Acer saccharum



Climate-change/forest interaction: multiple stresses

Drying & burning in the Amazon

Nepstad et al., 
Forest Ecology & 

Management 
154, 2001

Drying results 

from the 

reinforcing 

effects of 

altered 
atmospheric 

circulation 

patterns linked 

to global 
climate 

change and 

the drying 

influence of 
deforestation 

itself.



Biofuels: the next “growth industry” 

competing for forest lands?

Biofuels currently supply ~11% of world energy  



Projected use of biofuels to 2030

FAO, State of the World’s Forests, 2007



500

Potential growth of biofuels demand 
Shell “reference” scenario quintuples biofuel use 

between 2000 and 2060

At typical yields & conversion 

efficiencies, the addition 

would consume the net 
primary productivity of 40% of 

the world’s forest lands.



The competition:  What needs to be done?

MOST OBVIOUSLY:

• Level off, then reduce world population

– achievable largely through improving economic & 

social conditions, especially for women

• Increase efficiency of energy conversion and use

– with cogeneration, improved power plants, more 

efficient transport, buildings, manufacturing

• Further mitigate climate change by de-

carbonizing energy supply

– with solar, wind, geothermal, low-CO2 biofuels, fossil 

technologies that capture CO2, nuclear?



What obviously needs to be done? (cont.)

• Shift consumption/affluence to lower-impact 

modes

– with reduced throwaway/turnover, resource-conserving 

urban design & transport, better land-use planning

• Shrink toxic spillovers

– with better materials choices, waste management, 

control over agricultural, industrial & energy effluents

• Strengthen & enforce existing protections for 

forests & species

– In most of the world we’ve suffered even more from 

lack of enforcement than from lack of laws.



The competition:  What else to do?

• Eliminate overt & hidden subsidies for commer-

cial uses of land, water, & vegetation that would 

be uneconomic without those subsidies

• Become more comprehensive & ingenious at 

valuation of the currently nonmarketed services 

of land, water, & vegetation 

• Develop new mechanisms for embedding those 

values in market & nonmarket decisions 

affecting the future of these resources

The urgently needed mechanism for compensating 

landholders in the tropics for not cutting down their 

forests is an example.
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