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China’s Yellow River, or Huang He, acquired by NASA's Landsat 7 satellite
(Enhanced Thematic Mapper Plus) 2 May, 2000. False-colour images: red
indicates vegetation, blue indicates water, and beige indicates bare ground.
The river derives its yellow colour from fine particles of mica, quartz and
feldspar. Source: NASA Earth Observatory.
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he release of the Fifth
TAssessment Report (ARS5)

of the Intergovernmental
Panel on Climate Change (IPCC)
has focused unprecedented
attention on climate science.
IPCC was set up in 1988, only a
year after IGBP was founded.
Since then, science coordinated
by our programme has featured
prominently in the panel’s
assessments: our community
continues to respond to plug gaps
in knowledge by undertaking
targeted research activities.

Over 70 members of the IGBP community were
appointed as lead authors, coordinating lead authors
or review editors for AR5. Their efforts and those
of our projects contributed to the comprehensive
reports published by the Working Group | in
September last year and by the Working Groups I
and Ill recently. In addition to AR5, IGBP research
helped to inform the special report on extreme
events and disasters that was published in 2012.

Several of our projects focused their research
activities to address gaps in knowledge highlighted
in IPCC's previous assessment. For example, the Past
Global Changes (PAGES) project revised its science
planin 2009 to address gaps relating to the dynamics
of sea level, monsoons and regional environmental
and climate variability. The resulting research
contributed significantly to AR5, and PAGES advised
both Working Groups | and Il and helped highlight
the insights from palaeoclimate research.

Lastyear, IGBP’sInternational Global Atmospheric
Chemistry (IGAC) project published an exhaustive
peer-reviewed publication on the radiative forcing
by black carbon. This study contributed directly
to AR5; metrics and terminology were chosen

to be consistent with IPCC
assessments.  According to
the report the influence of
black carbon on climate had
been underestimated: this
substance is the second largest
anthropogenic contributor to
global warming.

During the past few years
IGBP’s marine projects have
made the study of ocean
acidification a priority. IGBP’s
efforts in this area are reflected
in the recent Working Group
Il report (see also page 6 of
this issue). The Secretariat has also helped to raise
the profile of ocean acidification. For example,
in 2012 we helped to organise an international
symposium that tackled this important issue. Along
with our partners we have recently published a
new summary for policymakers and launched a
dedicated website.

The IGBP community has contributed in other
ways. For example, one of our synthesis topics
held a joint workshop with IPCC to explore the
ways in which our modification of the nitrogen
cycle affects climate. In the latest Working Group
| report there is a greater emphasis on how the
relationship between the nitrogen and carbon
cycles might affect climate. This, in part, reflects
the efforts of the International Nitrogen Initiative
co-sponsored by IGBP.

There are good reasons to be proud of our many
contributions to IPCC. But climate change is only
one - albeit very important — way in which humans
are affecting the planet in the Anthropocene
epoch. Looking ahead, we will continue to
coordinate research that explores all dimensions of
the human-environment relationship.

‘ ‘There are good reasons
to be proud of our many
contributions to IPCC.
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Air pollution and
climate change

IGBP’S International Global
Atmospheric Chemistry
project IGAC) has been
organising a series of
workshops to understand the
interconnected challenges

of air pollution and climate
change. Earlier workshops
were held as part of an

IGBP synthesis topic. The
most recent workshop (held
in Boulder, Colorado, in
November 2013) built on
that foundation. It brought
together 32 participants from
15 countries representing the
natural and social sciences,
the policy community and
the private sector. The aim
was to begin developing a

strategic framework that
will guide integrated policy
and research on air pollution
and climate change.

New initiative to focus
on human-dominated
environments

HUMANS have arguably left
their mark on all of Earth’s
ecosystems, even those
considered to be relatively
pristine. The ubiquity of
farms, pastures, orchards and
urban areas testifies to how
thoroughly humans have
shaped and continue to shape
the planet’s land surface. Three
IGBP core projects have now
teamed up to understand the
interrelationships between

such managed ecosystems, the
societies that manage them
and Earth’s climate. The new
initiative — Interactions among
Managed Ecosystems, Climate,
and Societies (IMECS) — will be
coordinated by the Integrated
Land Ecosystem-Atmosphere
Processes Study (iLEAPS), the
Global Land Project (GLP) and
the Analysis, Integration and
Modelling of the Earth System
(AIMES) project. The initiative,
which arose from an IGBP-
sponsored synthesis on the
links between land-use/land-
cover changes and climate, will
seek to bring together research
communities that study
land from both physical and
socioeconomic perspectives.
www.ileaps.org/?q=node/51

TWO NEW SYNTHESIS BOOKS PUBLISHED

A RECENTLY published
open-access book synthesises
research coordinated by
the Surface Ocean-Lower
Atmosphere Study (SOLAS),
co-sponsored by IGBP.

The book emerged as an
outcome of Action 735

of the office of European
Coordination in the field
of Scientific and Technical
Research. The synthesis,
initiated in 2006, entailed
the development of global
air-sea flux datasets of gases
and aerosols. It involved
more than 300 scientists
mainly from Europe but
also from other parts of
the world. The SOLAS
International Project

Office played a key role in
coordinating this synthesis,
led by Peter Liss, former
Chair of SOLAS and IGBP,
and Martin Johnson.

The dynamic interactions
between megacities and
coastal zones are the focus
of the second book, which
arose from a synthesis

initiated in 2010 by IGBP and
its Land—Ocean Interactions
in the Coastal Zone (LOICZ)
project. The book, which
received contributions
from over 60 authors from
across the world, captures
current knowledge on
both the human and
physical dimensions of
coastal megacities. It draws
attention to social and
environmental risks arising
from megacity development
while also highlighting the
potential solutions that can
emerge from such cities.

Liss P S and Johnson
M T (eds) (2013) Ocean-
Atmosphere Interactions
of Gases and Particles.
Springer, Heidelberg.
http:/link.springer.
com/book/10.1007/978-
3-642-25643-1

Pelling M and Blackburn S
(eds) (2013) Megacities and
the Coast: Risk, resilience and
transformation. Routledge,
London and New York.

See Feature page 8.
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Tipping points in
the limelight
ANEW television series
examines the critical thresholds
that, if exceeded, might
dramatically alter Earth’s
climate and tip the climate
system past a point of no
return. Hosted by climate
journalist and adventurer
Bernice Notenboom, the
series is entitled The Tipping
Points: 6 places on Earth where
climate’s changed. It explores
the interconnectedness of
the various elements that
make up our climate system.
Examples include the Amazon
rainforest and the Greenland
ice sheet. The series has aired
on Dutch and US television.
The television series draws
on research led by Tim Lenton,
who is a member of the
Scientific Steering Committee
of IGBP’s Analysis, Integration
and Modelling of the Earth
System (AIMES) project. He
and AIMES Chair Peter Cox
served as scientific consultants
for the series, with Tim Lenton
featuring most prominently
in the episode on Greenland
and Peter Cox in the episode
on the Amazon rainforest.
www.thetippingpoints.com/

New Executive
Officer at the

Global Land Project
SEBASTIEN Boillat is the new
Executive Officer of IGBP’s
Global Land Project (GLP). He
succeeds Giovana Espindola,
who ended her assignment in
January 2014. Sébastien holds

a doctoral degree in Human
Geography from the University
of Bern (Switzerland). His
research interests include
land-change science, political
ecology, common-pool resources
and climate-change adaptation.
Sébastien will lead GLP’s
International Project Office at
the National Institute for Space
Research (INPE) in Brazil.
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Exploring the
Anthropocene
THE ANTHROPOCENE
captures a time slice in
human history when the
confluence of globalisation,
urbanisation, technological
developments and resource
consumption is conspiring to
make humanity a geological
force. This concept was the
focus of a recent (January 2014)
workshop co-organised by
the International Geosphere-
Biosphere Programme (IGBP)
and the International Human
Dimensions Programme
on Global Environmental
Change (IHDP). The
workshop - one of the
pillars of IGBP’s overarching
synthesis — brought together
30 or so experts from diverse
disciplines in the natural and
social sciences on the campus
of the University of Maryland.
The workshop took place
over three days and included
both plenary sessions as well
as breakout group discussions.
Three aspects were looked
at, each of which is being
developed into an independent
paper: 1) Conceptual
frameworks; 2) Methodological
issues (including modelling
and assessment); and 3)
Implications for research and
policy. The aim was to evaluate
the Anthropocene from
various perspectives including
geological /biophysical,
anthropological, historical
and economic. A series of
papers are forthcoming.

futurerth

research for global sustainability

Future Earth website and blog
The new Future Earth website is

now live and features links to the
Future Earth blog, upcoming events
and how to get involved in the new
initiative. www.futureearth.info/

Rethinking land use change in Africa

[ VR S i )

Cross-project collaboration and
setting the research agenda

A three-day Future Earth meeting in
January brought together many of EYNAM ; it Y

the projects and programmes that will e

eventually form the backbone of the

new initiative. The meeting focused on identifying Future Earth’s strategic research priorities
as well as ways to encourage cross-project collaboration. For example, a suite of “Fast-Track
Initiatives” (FTIs) — short-term research or engagement activities undertaken by two or more
core projects — modelled on the highly successful IGBP FTIs during the past decade. Future
Earth will fund possibly eight to ten such initiatives, each with a budget of up to $100,000. The
third day of the meeting, organised by IGBP, focused on the practical needs of projects across
the global-environmental-change programmes as they move towards Future Earth.

Future Earth engagement committee
Future Earth’s interim Engagement Committee met in person for the first time in January
at Columbia University, New York. The committee, a novel
development from previous global-environmental-change
programmes, will oversee the strategy for involving
stakeholders in Future Earth — from research co-design to
dissemination.

The committee is chaired by Robert Watson who is Vice-
Chair of the Intergovernmental Platform on Biodiversity and
Ecosystem Services and former chair of the Intergovernmental
Panel on Climate Change and includes James Griffiths from
the World Business Council for Sustainable Development,
Amy Luers from the Skoll Global Threats Fund, Andrew
Revkin from the New York Times and Guido Schmidt Traub
from the UN Sustainable Development Solutions Network.

Robert Watson

No pause in extremes

THE INCREASE in global
mean temperature seems to
have slowed down during
the past decade and a half
despite continuously rising
atmospheric carbon-dioxide
concentrations. But the world’s
landmasses have had no
respite from extremely hot
days: the number of such
days per year has continued
to rise, according to a recent
commentary published in
Nature Climate Change.

The apparent pause in
the increase of global mean
temperature received intense
media scrutiny last year. Several

reasons — internal climate
variability or heat uptake by
the lower ocean, for example
- were offered as possible
explanations. Sonia Seneviratne
and colleagues point out that
distinct temperature trends
may nevertheless be discernible
when different regions and
seasons are considered.

Their analysis focused on
warm extremes over land as

has increased continuously and
there was no slowdown during
the past couple of decades.

The increasing frequency of
the hottest days over land hints
at positive feedbacks such as

deficits. Such feedbacks mean
that the trends in temperature
extremes might diverge

from those in global mean
temperature. The authors thus
these are the most relevant
when considering the impact
of climate change. They found
that the area of land that
experienced extremely hot
days increased since 1979. The
frequency of the hottest days

the trend in global mean

temperature as an indicator of

the impacts of climate change.
Seneviratne S et al. (2014)

doi:10.1038 /nclimate2145.
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IPCC report
highlights impacts

of climate change
THE RECENT Intergovern-
mental Panel on Climate
Change Working Group II
report, which focuses on
impacts, adaptation and
vulnerability, is all about risk
management. In the 44-page
summary for policymakers,
published in March, the word
“risk” appears 181 times.
Compare this with IPCC’s 2007
report, which used the word
“risk” just 41 times, and you

get a feel for the new emphasis.

A reader of Global Change
magazine will not be surprised
by any of the conclusions
drawn by the report’s authors.
All regions of the planet
will be affected. There will
be economic, social and
environmental impacts. Food
security is at risk. Coastal cities

are at risk. Marine ecosystems
are at risk. The list goes on.

Writing on the Real Climate
blog, Wolfgang Cramer,
an author of the summary,
pointed out that scenarios
in which global mean
temperature reaches 4°C or
more above preindustrial
conditions — a situation not
unlikely according to the
Working Group I report — will
likely result in catastrophic
impacts on most aspects of
human life on the planet.

The Economist came to a
different conclusion: “the right
policies frequently try to lessen
the burden [of climate change]
— to adapt to change, rather
than attempting to stop it.”

The IPCC’s assessment of
options for mitigating climate
change — the Working Group
IIT summary for policymakers
— was published several weeks

IGBP OFFICERS" MEETING

with tribal elders at a kgotla — a public
meeting. Village leaders came from a

5-7 November,

Gabarone and Maun, Botswana
IGBP held its 2013 Officers’ meeting
in Botswana at the invitation of IGBP
Vice-Chair Pauline Dube and the Botswana
Global Change Committee. The committee
organised a stimulating knowledge-
exchange symposium that attracted
scientists, business leaders and policymakers.
The Officers’ meeting focused on
IGBP’s final syntheses including an
event in 2015 as part of the US AGU
conference in San Francisco to mark the
achievements of IGBP, the transition to
Future Earth, and our other activities.
In addition to the IGBP Officers’ meeting,
there were many events organised by
the Botswana Global Change Committee.
After two days in the capital, Gabarone,
the meeting moved to Maun on the edge
of the famous Okavango Delta. Here
Officers met the Acting Paramount Chief
of Batawana Kgosi Kealitile Moremi,
Dikgosana. This was the first time a
group of international scientists had met

IGBP Executive Director Sybil Seitzinger with the Acting
Paramount Chief of Batawana Kgosi Kealitile Moremi.

later. The IPCC intends the
recommendations of Working
Groups II and III to be
viewed as complementary.

The Working Group III
authors estimate that reaching
450ppm CO, equivalent
entails “consumption losses”
of about 1.7% by 2030. This
grows to about 3.4% by 2050
and about 4.8% by 2100.

All this translates to “a
reduction in consumption
growth over the 21st century
by about 0.06% per year”.
Brigitte Knopf, Deputy Head
of Sustainable Solutions at
the Potsdam Institute for
Climate Impact Research,
wrote on the Real Climate blog,
“This means that instead of a
growth rate of about 2% per
year, we would see a growth
rate of 1.94% per year.”

Many IGBP scientists

contributed to the IPCC report.

50-kilometre radius and gathered in a
traditional thatched building. IGBP Officers
engaged in a lively and open discussion

on global change and how it impacts the
delta through tourism and mining.

IGBP Officers then travelled to the
Okavango Research Institute’s research
base deep in the delta. Institute researcher
Dr Mike Murray-Hudson'’s formidable
knowledge of the geology, flora and fauna
of the inland delta gave IGBP’s Officers a
deeper appreciation and understanding of
this region and the changes it is undergoing.

2014

May
5-9. 46th International
Liege Colloquium on Ocean
Dynamics. Liége, Belgium.

12-16. Adaptation Futures
2014: Third International
Climage Change Conference.
Fortaleza/Ceara, Brazil.

12-16. 4th iLEAPS Science
Conference 2014.
Nanjing, China.

19-20. Sustainability in the
Water-Energy-Food Nexus.
Bonn, Germany.

June
16-18. SOLAS SSC meeting.
Rehovot, Israel.

19. SOLAS Symposium.
Rehovot, Israel.

23-27. IMBER Open Science
Conference. Bergen, Norway.

27-28. IMBER SSC meeting.
Bergen, Norway.

August
4-9. IMBER ClimEco4
Summer School.
Shanghai, China.

September
22-26. IGAC Chemistry in a
Changing World conference.
Natal, Brazil.

24-26. Deltas in Times of
Climate Change II.
Rotterdam, The Netherlands.

October
22-24. Global Challenges:
Achieving Sustainability.
Copenhagen, Denmark.

28-29. AIMES SSC meeting.
Hamburg, Germany.

November
6-8. 2nd International UGEC
Conference: Urban Transitions
and Transformations: Science,
synthesis and policy.
Taipei, Taiwan.

14-22. Anthropocene Campus.
Berlin, Germany.



NEW OCEAN ACIDIFICATION REPORT PUBLISHED
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IGBP and partners
launched the Ocean
Acidification Summary for
Policymakers at the UN
climate negotiations in
Warsaw, November 2013.
The summary, based on
findings from the world’s
largest gathering of experts
on ocean acidification
—the 2012 Ocean in a
High-CO; World symposium
— attracted headlines in
The Economist, the BBC
and Washington Post.
Experts conclude that
marine ecosystems and
biodiversity are likely
to change as a result of
ocean acidification, with
far-reaching consequences
for society. Based on
projections, the acidity
of the world’s oceans
may increase by around
170% by the end of
the century bringing
potentially significant
economic losses. People
who rely on the oceans’
ecosystem services — often
in developing countries —
are especially vulnerable.
Author and symposium
chair UIf Riebesell of
GEOMAR Helmholtz Centre
for Ocean Research in
Kiel said: “What we can

now say with high levels

of confidence about ocean
acidification sends a clear
message. Globally we have
to be prepared for significant
economic and ecosystem-
service losses. But we also
know that reducing the rate
of carbon-dioxide emissions
will slow acidification.”

One outcome emphasised
by experts is that if society
continues on the current high
emissions trajectory, cold-
water coral reefs, located
in the deep sea, may be
unsustainable and tropical-
coral-reef erosion is likely to
outpace reef building this
century. However, significant
emissions reductions to
meet the two-degree target
by 2100 could ensure that
half of surface waters
presently occupied by tropical
coral reefs would remain
favourable for their growth.

The summary makes 21
statements about ocean
acidification with a range
of confidence levels from
“very high” to “low”.

THESE INCLUDE:
Very high confidence
Ocean acidification is
caused by carbon-dioxide
emissions from human
activity to the atmosphere
that end up in the ocean.
The capacity of the ocean
to act as a carbon sink
decreases as it acidifies.
Reducing carbon-dioxide
emissions will slow the
progress of ocean acidification.
Anthropogenic ocean
acidification is currently in
progress and is measurable.
The legacy of historical
fossil-fuel emissions on
ocean acidification will
be felt for centuries.

High confidence
If carbon-dioxide emissions
continue on the current
trajectory, coral-reef erosion is
likely to outpace reef building
some time this century.
Cold-water coral
communities are at risk and
may be unsustainable.
Molluscs, such as mussels,
oysters and pteropods, are one

OCEAN ACIDIFICATION
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The new Ocean Acidification website, www.ocean-acidification.net.

of the groups most sensitive
to ocean acidification.

The varied responses of
species to ocean acidification
and other stressors are
likely to lead to changes
in marine ecosystems, but
the extent of the impact
is difficult to predict.

Multiple stressors
compound the effects of
ocean acidification.

Medium confidence
Negative socio-economic
impacts on coral reefs are
expected, but the scale of
the costs is uncertain.

Declines in shellfisheries
will lead to economic
losses, but the extent of
the losses is uncertain.

Ocean acidification
may have some direct
effects on fish behaviour
and physiology.

The shells of marine
snails known as pteropods,
an important link in the
marine food web, are
already dissolving.

The summary for
policymakers is sponsored by
the International Geosphere-
Biosphere Programme, the
Scientific Committee on
Oceanic Research (SCOR)
and the Intergovernmental
Oceanographic Commission
(10Q) of UNESCO.

IGBP, in collaboration
with SCOR, IOC-UNESCO
and the Ocean Acidification
International Coordination
Centre of the International
Atomic Energy Agency,
has recently launched a
new website on ocean
acidification for scientists,
policymakers and the public.

The report, supporting
materials and graphics
are available from www.
ocean-acidification.net.
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I Feature

COASTAL
MEGACITIES:

risks and opportunities

Every year, more and more people are flocking to live near the sea’s edge, often
congregating in massive cities. Sophie Blackburn and Mark Pelling explore
what happens when urban and coastal zones collide.

on 26 July 2005, Mumbai was
lashed by over 900 millimetres
of rainfall — almost half the
average rainfall it receives in
an entire year. Hundreds of
people died in the ensuing
flooding — exacerbated by the
high tide on the evening of
the 26th — and the city also

I n a 24-hour period beginning

suffered serious economic losses.

What made this megacity of
21 million people particularly
vulnerable was a combination
of extreme precipitation,
unplanned urbanisation and
coastal location. Sea-level
rise and coastal subsidence
induced by human activities
will only exacerbate the risks
to megacities such as Mumbai
(Figure 1). But megacities
aren’t merely passive actors:
they reshape coastlines, affect
sensitive ecosystems, pollute air
and water and influence local
and regional weather systems.
The relationship between
megacities and coasts is thus a
dynamic one involving human
and environmental processes.
Megacities in Europe and the
Americas aren’t growing much;
some are even on the decline.
But in the developing world
such cities are sprouting up at a

8 1 Global Change I Issue 82 I May 2014

The urban poor
are almost
always the
most at risk.

fair clip. Between 1975 and 2000
the number of megacities in
low- and middle-income nations
increased from two to 13. Of the
23 megacities worldwide in 2011
(UN-DESA 2012) 16 were coastal.
One trend common to large cities
across the world is the growth
in urban sprawl; in the high-
income nations such growth is
up to twice as fast as population
growth (Angel et al. 2011). Both
the demographic and spatial
growth of coastal megacities is
changing the ways in which risk
is constructed and experienced,
particularly in the context of
climate change.

The city-coast duel
The susceptibility of a coastal
megacity to natural hazards is
determined by geographical
location as well as the socio-
economic and political context.
Storms and storm surge, extreme
precipitation and flooding are
some frequently encountered
hazards. Making the situation
worse is the combination of sea-
level rise resulting from climate
change and local sinking of land
resulting from, for example,
sediment compaction and over-
extraction of groundwater.

The capacity of coastal

megacities to adapt is constrained
by the scale and complexity of
critical infrastructure, land-use
and governance. Governance
includes local to national
interests across the public,
private and civil-society sectors,
often in partnerships and with
overlapping or sometimes
contradictory responsibilities
and interests. The quality of
governance and the degree of
social inequality are primary
determinants for the severity
of disaster impacts: the urban
poor are almost always the
most at risk. While it is the
rich who lose most in absolute
economic terms such losses, at
least in the developed world,
are nearly always covered by
insurance. The 2005 flooding in
Mumbeai, for example, affected
slum dwellers and other urban
poor disproportionately. It
exposed the unplanned nature
of urbanisation and poor
implementation of the existing
disaster mitigation strategy.
The coastal zone itself
tends to take quite a beating
from megacities. Settlements
grow along the shoreline as
opposed to inland and fortify
themselves by sea walls and
levees. Air pollution disturbs



Elevated view of
Marine Drive in Mumbai
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I Feature

Occurrence

Yes 4 A 00 M M 1 M I I Coastal
Unknown —| ] J_ -| ] ] Megacities
No —{=L - - - — - -
Buenos . .
Aires Cairo Dhaka Guangzhou Istanbul Jakarta Kolkata Karachi Lagos Weather-related
hazards & subsidence
O Erosion
Yes { mmm M M M M M 1 I B Hurricane landfall
O Extra-tropical storms
Unknown — O River flooding
O Surge flooding
No — LU — - — — - — O Salinization
Los Manila  Mumbai NewYork 129 Ogaka Shanghai Shenzhen Tokyo |M Major subsidence
Angeles Janeiro

Figure 1: Major weather-related hazards and subsidence occurrence for coastal megacities. The coastal zone is defined here as the
area within 100 km from the coast. Note that Dhaka and Cairo are included as megacities despite being more than 100 km away
from the coastline: this is to account for the strong influence of the coast on these cities.

Source: Pelling and Blackburn (2013, Plate 4.3)

biogeochemical processes in

the coastal ocean (von Glasow

et al. 2012). Where topographic
barriers inhibit the expansion

of coastal cities, industrial and
building activity is likely to be
even more heavily concentrated
with its attendant environmental
impacts. In Ghana, for example,
anthropogenic activities account
for the vast majority of coastal
erosion. Perhaps least well
understood is the interaction of
urban form and weather systems
in the production of the Urban

Heat Island effect in coastal cities.

Although some of this effect is
mitigated by a coastal location,
warming above regional values
is a norm for megacities. Where
air pollution is high, for example
in Tokyo, this is compounded
by the Urban Heat Island effect
(Yoshikado and Tsuchida 1996).
Better known effects include the
impact of untreated wastewater
and sewage into coastal seas:
Manila, for example, currently
treats only 17% of wastewater
(Pelling and Blackburn 2013).
Urban growth threatens the

Globalisation
introduces
its own
complexities.

10 1 Global Change I Issue 82 I May 2014

quality of entire water systems,
including Kake Taihu close to
Shanghai and Jakarta Bay (Shao
et al. 2006).

Assessing risk

Risk assessments for

coastal megacities have

not yet fully encapsulated

the dynamic interactions
between environmental and
anthropogenic forces. This

is because of the complexity
introduced by, for example,
non-linear responses and
feedback loops that can
rapidly trigger potentially
unexpected outcomes. One way
of unpacking this complexity
is to conceptualise risk as the
nexus of three domains. The
domain of environmental
quality includes aspects such
as resource depletion and
ecosystem degradation. Natural
hazard encompasses a wide
range of hazards at a variety
of scales. Socio-political and
institutional context represents
such pressures as population
growth, governance regimes,

political stability/instability and
trade; these determine particular
modes of urban development
and patterns of vulnerability.

Urban population growth
(largely because of migration)
provides an example of how the
different domains interact to
generate risk. Population growth
generates demand for food,
water, energy and land. This
may translate into the depletion
of coastal ecosystems such as
fish stocks and the destruction
of wetland habitats. The
degradation of mangroves and
salt flats removes what would
have served as a buffer against
storms and coastal surges; it
thereby heightens social and
economic risk.

Whereas impacts can be
highly localised, they can also
aggregate and operate at a much
larger scale. For example, models
indicate that New York City and
Tokyo modify the atmospheric
flow within their confines and
thereby affect regional weather
systems. Such processes may
introduce new drivers of risk in
the context of climate change.
However, such outcomes are not
readily predicted from historical
observations and the modelling
of risk at the megacity-coast
interface is thus difficult.

Globalisation introduces its
own complexities. Megacities are
connected to and co-dependent
on other regions of the world. A
crop failure or extreme-weather
event in one part of the world
can have drastic impacts on
global markets, with knock-on
effects on economic and social
vulnerability of megacities.

Responding to the
challenges

The complex challenges
confronting megacities demand
policy and research agendas
that are innovative and forward
thinking. We need to develop
an international, integrated data
archive for coordinated risk
management and knowledge



sharing. This should be coupled
with long-term monitoring and
model refinement. Finally, we
need to better understand how
global connectivity as well as
feedbacks between natural

and social systems could
amplify risks and increase

their unpredictability. These
recommendations hold for other
settings too, but the stakes in
megacities are particularly
high given the rapid increase

in populations and assets at
risk, the combination of local
and global environmental
change, and the potential for
dangerous feedback loops.

In short, effective governance
is a prerequisite to managing
the risks that cities face and
are perhaps most acute on the
coast. Aspects such as health,
economy, poverty, education,
demography, gender, culture
and the environment will need
to be considered simultaneously.
Because of the interlinkages
between the risk domains
discussed above, urban planning
that prioritises either the
environment or the society will
not be sustainable. A holistic
approach is called for.

Fortunately, megacities are well
placed for the development of
innovative solutions. In addition
to being well connected, such
cities possess a concentration
of assets and expertise, and are
hubs of political, academic and
private-sector activity. Hence,
they offer fresh opportunities for
collaborative and complementary
adaptation responses.

As sites of consumption and
nodes in the networks of global
trade, large cities occupy a
pivotal position in struggles
towards global sustainability.
There is no denying that

the tremendous social and
environmental impacts of the
dominant model of mega-
urbanisation present a hurdle

to sustainable development.

Economic growth of an
individual megacity might,
at first glance, appear to
be a positive step towards
sustainability. Sanitation
improves over time and air
pollution decreases. However,
many of the improvements
are possible only by load
displacement (eg, Hornborg
2011): this is the process whereby
environmental gains in one
region come at the expense of
pollution elsewhere (or even
globally). Many of the gains in
average wellbeing might reflect
the reliance on cheap, migrant
labour that often struggles to
fully benefit from the gains.

We are beginning to see
that this model might not be
sustainable in the long term.
The collective contribution of
coastal megacities to global
environmental change is in some
ways reflected in their increased
susceptibility to sea-level rise
and other hazards. Uneven and
unplanned growth has translated
into the poor living in low-lying,
hazard-prone locations and
severe modification of natural
drainage (for example, the Mithi
River in Mumbai). Even in high-
income nations the increased
interconnectivity of energy,
water, transport, communication
and security infrastructure has
led to compounding risk.

Cities have already
transformed their local
environments. Adapting to
live with global change will
likely usher in a new era of
environmental and social
transformation as the desires
for growth and security are
rebalanced. Understanding
better the interactions between
ecological, physical, socio-
economic and political processes
is a starting point for making
transformations that can be
deliberate — rather than forced
—and, through this process,
for enhancing informed and
transparent decision-making,.

Effective
governance is
a prerequisite
to managing
the risks.
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activities have led to compacted soils - and slowly sinking deltas.

Delta risk map

14 Colorado

SUBSTANTIAL RISK
Sediment deposition rates less
than sea-level rise

Parang, Argentina

Vistula, Poland

Indus, Pakistan

Brahmani, India

Mahanadi, India

Godavari, India

GREATER RISK

Ground compaction exacerbating
low sediment deposition rates
Mississippi, United States of America

Nl.agdal_ena,'[:olumhla After farms and urban areas have
Niger, Nigeria || taken their water allotments, the
Tigris, Iraq ‘| Colorado River slows to a trickle by the
Ganges-Brahmaputra, Bangladesh time it reaches its delta. Sometimes it
Irrawaddy, Myanmar | stops flowing altogether and then no
Mekong, Vietnam sediment is deposited.

Golorado, Mexico
Sio Francisco, Brazil
Rhane, France

Po, Italy

Nile, Egypt

Krishna, India
Yellow, China
Yangtze, China
Pearl, China

Chao Phraya, Thailand
Tone, Japan

Despite forest destruction, hydro-
electric dam projects and more
.| impacts upstream, the Amazon River
| deltaisinrelatively good health. Nearly
3 million people live on the delta but its
sheer size dampens human impacts.
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The amount of Earth’s land area occupied by deltas.
24 The number of major deltas that are sinking.
4m Between 1974 and 2010 some parts of Jakarta sank over four metres.

45-82cm  The likely range of global average sea-level rise possible by 2100 if emissions
continue unabated. Sea level will continue to rise beyond 2100.

85% The percentage of major deltas that experienced severe flooding in the last decade.

>500 million The number of people who live on deltas.

20 Yellow

The Po delta experienced a 6cm
annual subsidence rate, due to sea-
level rise and methane extraction. This

As deltas sink the risk of flooding rises.
In the Yellow River delta typhoons have
caused 5m-high storm surges.

reduced dramatically once methane
extraction ended.

i Sy

In 2011, the Chao Phraya river flooded |
swamping Bangkok and leaving much
of the capital submerged for months.
The city has been sinking for decades
due to groundwater extraction. Steep
taxes on groundwater have slowed
subsidence substantially.

b
The delta is home to over 100 million
people making it the most populated
on Earth. Effective sea-level rise is up
to 18 millimetres per year. In 2007-08, Like other deltas, farmers on the

g substantial flooding affected the Mekong have cut down mangroves
The Aswan Dam traps nearly 98% of Ganges, Mekong, Irrawaddy, Chao to create space for shrimp ponds.
sediment flow downstream. Without Phraya, Brahmani, Mahanadi, Krishna Surveys indicate roughly half the
those soils, the Nile Delta has com- and Godavari. More than 100,000 mangrove forests have disappeared.

pacted and sunk. Relative sea-level
rise there is 4.8 millimetres every year.

died and more than a million people
were displaced.

Mangroves help prevent erosion and
are important flood defences.
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* No two deltas are alike: the causes'and consequences of smklng thus vary W|dely
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hile discussing sea-level rise most of us tend to
Wthink of land as stable and at a relatively constant

elevation. Recent work complicates this picture by
showing that coastal land is by no means stable all over the
world. In particular, many deltas are sinking rapidly every
year. As a result the relative sea level in the vicinity of such
deltas rises much faster than it would if global warming
was the only trigger. This work only confirms IGBP’s central

James Syvitski
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insight that humans are altering
the Earth in ways that go well
beyond climate change.

Why are deltas important?
Historically people have lived
on them because they are
really flat — 100 times flatter
than a river valley; they have
only a few metres of elevation
change over 100 km. Plus, they
have very rich soils, so they
make for good farmland. In
addition, they are great hubs for
transportation to inland areas.
Being flat also makes them
good places for cities to expand,
and the last 50 years has seen
a big population expansion on
deltas — cities such as Dhaka.
Twelve megacities on deltas
have expanded from 62 million
in 1975 to 153 million in 2010.
The expansion appears to be
speeding up.

Deltas are sinking. Why?
There’s no one overwhelming
cause, but several major causes
that combine. First, deltas
were created by the flow of
sediment from upstream, but
now damming means there’s

not enough new sediment added
to make up for the natural
compaction of the ground.
Second, we're extracting liquids
from underground — mostly
water, but oil and gas too.

Are global warming and
rising sea levels factors?

The sea level has been rising at
3 mm a year, globally — a little
more in some places, a little
less in other areas. Some deltas
have been sinking at 100 mm
per year — and for years. The
Yellow River Delta in China is
sinking one metre every four
years (250 mm/y). It’s not really
a sea level story when it comes to
many populated coastal areas.

What's happening as a

result of the sinking?

Flooding both from rivers

and the sea (storm surges) is
increasing, so there’s a loss of life.
There was a storm surge in the
Irrawaddy in Myanmar / Burma
in 2008 when 200,000 people
were killed. But people are still
living on the delta. However,

2 million people have left the
Indus Delta in Pakistan to move




to higher ground as salt water
has invaded the farming zone.
Reinsurance companies charge
ever more money to insurance
companies for covering human
infrastructure on deltas.

What are the remedies?

Each one of these deltas is like

a snowflake — they are all a

little different. So you can talk
about one, but the problems and
solutions may not be the same for
another.

The Po Delta (near Venice in
Italy) subsided largely because
methane was being pumped
from underground. They stopped
the pumping and the delta is
sinking ten times less fast than it
was. But the land surface is not
actually rising, and it’s still below
sea level. As a caveat, there is a
proposal to inflate with water the
land under the city of Venice so
as to increase its surface relative
to the sea by 25 cm. The worry
is that there could be damage
to the city’s infrastructure
while the land rises.

The Chao Phraya River
Delta subsided because of
groundwater being pumped
out to supply Bangkok. So
they introduced a tax on
water use, such as showers. In
Shanghai, the local government
slowed the rate of pumping
water out of the ground.

However, when countries set
up commissions to look at the
natural environment, it’s often
water/river courses they’re
concerned about, like with the
Rhine. There is not so much focus
on the delta - the land mass.

Could Dutch-style engineering
— building giant polders — be
the solution?

I think it’s too much to expect
other countries to follow that
example. 25% of the Netherlands
is below sea level, but it’s a small,
rich country, so they can afford
these projects. Many countries
with large deltas are nowhere
near the Dutch level of GDP.

Where countries have tried this
geo-engineering, they go broke.
China in the 15th, 16th, 17th
and 18th centuries used 12% to
15% of GDP to try to control the
Yellow River from spilling onto
its historical flood plain. It caused
all sorts of problems, was never
really successful and in fact the
flood frequency and magnitude
increased. Modern engineering
is more effective, so likely to be
a lesser burden. But still, a large
amount of money is needed.

As dams are a major part
of the problem, can't we
stop building them? Could
some be pulled down?
Old dams trapped sediment,
but modern dams can be
designed to allow sediment
through at different times
of year. This is also good
for hydroelectric projects,
as a build-up of sediment
can damage the turbines.
But what do you do with
the tens of thousands of dams
already built? On average, one
large dam has been built a day
for the past 130 years. Some, you
can take out — but very few.
Most dams have a lifespan of
50 to 200 years, and most were
built since 1950. Maybe you can
remove them 50 or 100 years later,
when they have filled up with
sediment and are not of economic
value. But removal is not a story
for the next 20 or 30 years.

The rivers in question often
run through several countries:
the Mekong River originates
in China and then flows
through — or borders — Laos,
Myanmar/Burma, Thailand and
Cambodia, before reaching
the sea in southern Vietnam.
How does this complicate
the search for solutions?
Friction can be within a single
country — between upland and
lowland people — or between
countries.

If there's no will for
collaborative action, there is little

Each one of
these deltas is
like a snowflake
— they are all a
little different.

the downstream communities or
countries can do. Countries can
go to the UN court and try to get
an issue like that resolved. But

I haven't heard of cases where
this has been successful and an
upstream country has agreed to
change its plans.

How has our knowledge of
deltas advanced recently?
The techniques we use today
are far better than in the past,
and that has had a big effect.
Satellites can detect millimetre
changes in vertical subsidence.
That has allowed us to look at
and prospect where things are
happening. Ten, 15, 20 years
ago, this was not scientifically
on the radar screen. Now it

is, and there are increasing
voices around the world.

What kinds of new discoveries
has the technology enabled?
Fish farms often use a lot of
groundwater, and now we

can pinpoint, “This particular
fish farm has caused this.”

The Asian deltas used to be the
rice bowls of the world. But they
have become the protein bowls of
the world in the last 15 or 20 years.
You can make a lot more money
in shrimp and fish aquaculture
than growing rice. But the fish
farms won't be around for the
next generation if the land sinks
below ocean surface.

An earlier version of this
interview was published on
the Future Earth blog.
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From clouds to carbon:
land-atmosphere interactions

in the spotlig

Understandlng the mterface between the Iand and the atmosphere has been

ht

an important component of IGBP’s research. Here we highlight three recent

contributions that resulted from research sponsored by the Integrated Land
Ecosystem—Atmosphere Processes Study (|LEAPS) '

The little things
matter

Annica Ekman

A cloud can make a big difference. Not
only when we step out of the door and
either sunshine or rain hits us, but also
from the perspective of climate. Clouds
regulate climate by affecting surface
temperatures and precipitation patterns.
We have known for a long time that cloud
formation relies on tiny particles in the
air. Yet, taking stock of these particles in
global climate models and describing how

they influence cloud formation is difficult:
it requires a lot of computing power.
But does adding this type of complexity
really make the simulated climate more
realistic? Recent research shows that the
effort is worthwhile and that the way we
treat the little particles does matter.
Atmospheric particles can be as small as
viruses and as large as beach sand. They
consist of dust from soils, sea salt from
oceans, pollen from forests or organic
matter. Human activities contribute to
a large number of particles; the particle
concentration in the atmosphere has
increased drastically during the 20th
century, causing a polluting haze over many

regions. The haze inhibits sunlight from
reaching the ground, which results in an
overall cooling of the Earth'’s surface.
Particles can also cool the Earth
indirectly by triggering cloud formation:
in the absence of particles the relative
humidity would have to increase above
several hundred percent to form cloud
droplets. Although the number of cloud
droplets increases with increasing particle
concentrations, the size of droplets
decreases. Imagine a jar of breadcrumbs:
if you pour some water into the jar the
breadcrumbs will swell up. If you pour
the same quantity of water into a jar with
more breadcrumbs, they will not swell up
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Schematic depicting the myriad aerosol—cloud—precipitation related processes occurring within a typical General Circulation Model grid box. The schematic conveys the

importance of considering aerosol—cloud—precipitation processes as part of an interactive system encompassing a large range of spatiotemporal scales.
Source: Boucher O et al. (2013) Clouds and Aerosols. In: Stocker T F et al. (eds) Climate Change 2013: The physical science basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK and New York, USA.
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as much. The higher the number of cloud
droplets the brighter the resulting cloud.
Such a cloud reflects more sunlight and
tends to cool the Earth's surface.

Most climate models today factor in the
relationship between atmospheric particle
number and the number of cloud droplets.
But models tend to greatly simplify the
real-world complexities. For example, not
all particles in the atmosphere are suitable
as surfaces for the condensation of cloud
droplets; some particles are not soluble
in water and some are so small that the
droplets cannot grow efficiently. So in our
previous example, the jar would contain
not only breadcrumbs but also different
types of candy: adding water would make
some of the candy swell up slowly whereas
other candy would hardly be affected.
Such complexity is now accounted for by a
handful of models providing data for the
latest Intergovernmental Panel on Climate
Change (IPCC) Assessment Report. In the
models, cloud droplets form easily on some
particles but not on others unless the relative
humidity is very high. Some particles are
not amenable to cloud formation at all.

I recently examined the surface-
temperature trends during the latter half of
the 20th century generated by three types
of models: a) complex models in which the
number of cloud droplets is dependent not
only on the size and composition of the
particles but also on the simulated relative
humidity; b) simpler models in which all
types of particles can increase the number
of cloud droplets; and c) very simple
models in which there is no relationship
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between the particle concentration and
the number of cloud droplets. I found that
the surface-temperature trends generated
by the complex models did a better job
of reproducing observations than the
simpler models. As also shown by Wilcox
and colleagues, I found that models that
completely ignored the relationship between
the numbers of atmospheric particles
and cloud droplets provided an even
poorer match with the observed surface
temperatures.

It is encouraging that the models get
better at reproducing observations when
we use a more realistic description of the
relationship between atmospheric particles
and clouds. But the improved performance
comes at a significant cost in terms of
computing power and time. We are yet to
find the optimal combination of complexity
and computational cost. Which relationships
between atmospheric particles and clouds
do we absolutely need to include in global
climate models? Which relationships can
we ignore or represent in simpler terms?
Such questions are at the forefront of current
research and we hope to have even clearer
answers in the coming years. ll
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Stockholm University, Sweden.
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Climate extremes
and the carbon
cycle

Markus Reichstein

Plants, animals and humans react to
concrete environmental conditions,
not to averages. Take, for instance,
crop yields during two years with very
similar mean temperatures: if one of the
years experienced extreme heat or cold
waves whereas the other year did not,
the crop yields from each year would
be very different. That is why recent
Intergovernmental Panel on Climate
Change (IPCC) reports emphasised climate
variability and extremes (for example,
IPCC 2012). The assessments conclude that
we can almost certainly expect more heat
waves by the end of this century. Not only
that, many regions will also experience
an increase in the likelihood of heavy
precipitation or droughts in the future.
Climate extremes can affect the
terrestrial carbon cycle: one example is the
2003 European heat wave, which released
carbon that had accumulated over several
years. However, not all climate extremes
— statistically defined — affect ecosystems
to the same degree. For example, an
extremely cold spell of -40°C is unlikely
to matter much in a region that commonly
experiences -30°C during the month
of January. Society is thus ultimately
interested in the impacts of such events.
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Droughts are likely to intensify in the 21st century. The figure shows the change in annual maximum number
of consecutive dry days (precipitation <1 mm) for the period 2081-2100 based on model projections.
Increased dryness is indicated with yellow to red colours; decreased dryness with green to blue.

From IPCC (2012)

Bearing this in mind, we (Reichstein et
al. 2013, Zscheischler et al. 2013) looked
directly for impacts of extreme climate
events in Earth observation and modelling
data. Our focus was on photosynthesis,
which is a part of the carbon cycle. We
first bracketed extreme events in terms of
duration, region and intensity. For each
event we then estimated both how much
carbon would have normally been taken
up by photosynthesis in the affected
region and how much was actually taken
up during the event. The difference
between these two quantities is a measure
of the effect of the extreme event.
According to the available global data,
disturbances to the carbon cycle led to
around 3 Gigatons per year less carbon
taken up by photosynthesis during the last
decade; this is roughly equivalent to the
annual net land carbon uptake in the last
decade. At least 80% of these disturbances
were related to climate extremes and
their effects — droughts, heat waves, cold
spells, heavy precipitation and fire — of
which droughts were the most important.
Events involving multiple stressors
tended to have a disproportionally larger
effect. As climate extremes increase in
frequency, intensity or duration we may
expect substantial reductions in the
quantities of carbon dioxide taken up by
photosynthesis. Previous work has shown

18 1 Global Change 1 Issue 82 I May 2014

that year-to-year changes in net carbon
uptake are driven more by photosynthesis
than by respiration (for example,
Schwalm et al. 2010, Shi et al. 2014). This
implies a positive feedback whereby
climate change leads to reduced carbon
uptake, which in turn exacerbates climate
change (including climate extremes).
Interestingly, higher carbon-dioxide
concentrations in a future world are likely
to lead to more efficient use of water by
plants (see “Fertilising the forests” on this
page), which might help to alleviate the
effect of droughts.

In our datasets 200 of the largest
carbon-cycle disturbances, occupying
only 8% of the surface area on average,
explain more than 80% of the global
interannual variability of carbon uptake
by vegetation. In this way extreme events
may influence the year-to-year variations
in the rate of increase of atmospheric
carbon-dioxide concentration. However
the estimates are subject to considerable
uncertainties. We thus argue for a
concerted effort to understand climate
extremes and their impacts. In particular,
we underscore the need for improvements
in Earth-system and other types of
models so that biological processes such
as mortality and adaptation, as well
ecosystem internal feedbacks, may be
improved (Bahn et al. 2013). |
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Fertilising
the forests

Trevor F Keenan
Andrew D Richardson

Atmospheric carbon dioxide has
increased from 260 parts per million
(ppm) approximately 150 years ago to
over 400 ppm today (http://scrippsco2.
ucsd.edu). Despite efforts to regulate
emissions, we continue to emit this
gas through the burning of fossil
fuels, cement production and altered
fire regimes. In fact, atmospheric
carbon-dioxide concentrations are
rising faster than what worst-case
scenarios predicted. At the current
rate, concentrations are expected to
double by the end of the century.

Carbon dioxide is, of course, a boon to
plants and its increased concentrations in
the atmosphere enhance photosynthesis
— the so-called “fertilisation effect”.

This in turn could stimulate carbon
sequestration, thereby dampening the
future rate of increase in atmospheric
carbon dioxide. Much depends, however,
on how efficiently plants use water while
sucking up carbon dioxide. The ratio of
water loss to carbon gain, or water-use
efficiency, is a key to the global cycles of



water, energy and carbon. How efficient
would water use become in response to
the expected doubling of atmospheric
carbon dioxide by the end of the century?

There has been little conclusive
evidence of a direct response of the
terrestrial biosphere to rising atmospheric
carbon dioxide. We don’t quite know what
caused the recently reported increases
in growth rates in a variety of forests
(for example, McMahon et al. 2010). The
evidence provided by experiments is also
equivocal. This is not surprising, given
the difficulties in translating results from
proxies and controlled experiments to
natural ecosystems. The response of water
use in natural forest ecosystems is thus
the subject of considerable debate.

We decided to harness the information
provided by FLUXNET, a network of over
500 globally distributed measurement
sites. Each site measures continuously
the fluxes of carbon and water between
the land surface and the atmosphere.

As part of a US National Oceanic and
Atmospheric Administration funded
project we analysed the observations
made in 21 temperate and boreal forests
in the northern hemisphere. We found

a substantial increase in water-use
efficiency during the past two decades
across all sites. Of course, this observation
by itself does not imply enhanced
fertilisation. There are multiple processes
that could lead to the observed trend.

We systematically assessed each of
these competing hypotheses (for example,
nitrogen deposition or increased drought)
and found that the observed increase
is indeed most consistent with a strong
carbon-dioxide fertilisation effect.
Modelling points to the partial closure of
stomata — small pores on the leaf surface
that regulate gas exchange — in response
to continuously increasing atmospheric
carbon-dioxide levels. This indicates a
dynamic response of plants to reduce
the amount of water they transpire as
atmospheric carbon-dioxide levels rise.

Note that the observed increase in
forest water-use efficiency is larger than
that predicted by existing theory and 13
terrestrial ecosystem models we tested
from the North American Carbon Project.
The expected theoretical response is
based on the results of experiments
that have guided the development of
models (de Kauwe et al. 2013). A larger

observed response could indicate that the
experimental results, which correspond
to a sudden increase in ambient carbon-
dioxide levels in controlled environments,
do not adequately capture the responses
in natural environments to gradual
increases in carbon-dioxide levels over
decades. Alternatively, it could indicate
that other unknown factors have
contributed to the trend we observed. For
example, it was recently suggested that
changes in air quality may be responsible
for about 10% of the trend observed

at some sites in the US (Holmes 2014;
Keenan et al. 2014).

Regardless of the cause, it is clear that
temperate and boreal forests are using
water more efficiently. This has several
implications for ecosystem function and
feedbacks to climate. Increased efficiency
could lead to increased crop yields;
increased water availability in drought-
prone regions; increases in surface
temperature and the planetary boundary
layer; increased sea-level rise; and
drought in parts of the world that rely on
water transpired in other regions.

The increase is also associated
with trends of increasing ecosystem-
level photosynthesis and net carbon
sequestration (Keenan ef al. 2013). As

current terrestrial-biosphere models

do not capture such trends, they will

not predict these indirect effects either.
Resolving our understanding of the
underlying physiology is fundamental to
our ability to make realistic projections
of future changes to the Earth’s biosphere
and the resulting feedbacks to the
atmosphere and climate. ll
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Momentum is building towards the development of universally applicable sustainable
development goals. Owen Gaffney reports on the progress so far and explores the

path ahead.

n the last few years, every

Anthropocene-related

symposium I've attended
concludes humanity is on a
dangerous course. The excesses
of a privileged few portend
unprecedented destabilisation
of Earth'’s life-support system,
leaving little room for other
nations to develop. These types
of declarations are often swiftly
followed by dark mutterings that
politicians are either unwilling
to act or impotent in the face
of clear and present danger.
The principles of scientific
neutrality and objectivity
are being severely tested.

Of course, political leaders
are not sitting idle, but the list
of issues is daunting, some
barriers seem immovable and the
institutions we have — the United
Nations (UN), for example — seem
ill-equipped at times for life in the
Anthropocene. However, a new,
and in some ways remarkable plan
is being developed and scheduled
for launch in September 2015: the
Sustainable Development Goals,
or SDGs, which is part of the UN's
post-2015 development agenda.
Unlike their predecessors, the
Millennium Development Goals
(MDGs), the SDGs are not aimed
solely at ending poverty; indeed,
the ambition is they will apply
universally to all nations.

The MDGs are an attractive

The ambition is
they will apply
universally to
all nations.
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model to emulate. The main
goal — to halve the number of
people living on less than $1.25 a
day — was achieved before the 2015
deadline despite the absence of
any legally binding enforcement
mechanism. Rapid economic
development in countries such as
China, though, was a major factor
leading some to say poverty, by
this definition, would have been
halved regardless of the MDGs.
But Bill Gates argues this is beside
the point: the MDGs provided a
set of clear international priorities
that helped channel substantial
funding from aid agencies and
foundations.

The SDGs are more ambitious
still. The idea for such a set
of goals was first floated by
Guatemala and Colombia and
adopted by nations at the 2012
Rio+20 summit. The first science-
policy dialogue on SDGs took
place at the IGBP co-sponsored
Planet Under Pressure conference
in London in 2012. Since 2012,
a lot of groundwork has been
done mainly under the auspices
of the so-called Open Working
Group (OWG). This was set up
by the UN to manage the process
and includes representatives
from 30 nations. In February the
group, which has been meeting
every few months, identified
19 “focus areas” ranging from
poverty eradication and food

security to energy and health
(see box). These will eventually
get distilled down to a smaller
set of goals in the course of the
next few months. By the time
the next UN General Assembly
rolls round in September the
group will have a “Zero order
draft” and this will be the basis
of negotiations and debate until a
final decision is made at the 2015
General Assembly.

Distilling down the
goals should be relatively
straightforward. Several focus
areas have a degree of overlap
suggesting some obvious
mergers: for example economic
growth, industrialisation, and
sustainable consumption and
production. I can imagine
there will be distinct goals on
poverty elimination, health,
education, and food, water and
energy security. The devil, of
course, will be in the detail.
Achieving the goals will require
nations to report on a series of
targets and indicators. The UN’s
new Sustainable Development
Solutions Network (SDSN) thinks
around 100 indicators will be
required. The network published
areport recently! outlining the
types of indicators that could
be adopted to support the sort
of goals under discussion. This
is a major undertaking not least
because targets and indicators
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need to be scientifically robust and
mutually reinforcing — reaching
one target should not be at the
expense of achieving another.

Several bridges between
science and the SDGs have been
constructed. IGBP’s sponsor, the
International Council for Science,
is the official coordinator for
science and technology in the
process. It has a seat at the table
as one of the nine major groups
and regularly sends a delegation
to the OWG meetings.

In a separate move, UN
Secretary-General Ban Ki-moon
set up the SDSN to mobilise
“scientific and technical expertise
from academia, civil society, and
the private sector in support of
sustainable development problem
solving at local, national, and
global scales”. Led by Jeffery
Sachs at Columbia University,
the network has the mechanisms
and political acumen to respond
to shifting priorities and tight
deadlines. Furthermore, Ban
Ki-moon has recently created
a new Scientific Advisory
Board to provide independent
advice relating to sustainable
development?. IGBP’s former
chair Carlos Nobre is a member
of this new board.

Taken together, this contributes
to a much-needed shake-up of

A significant
challenge for
the UN will
be in data
collection and

analysis.

the international science-policy
interface in this sustainable
development arena.

The SDGs will form the
overarching international
political vision relating to
sustainability during the
lifetime of the new Future Earth
initiative. As such, if Future
Earth is serious about working
with stakeholders to develop
solutions to global challenges,
close links to the SDGs will be
essential. Mark Stafford Smith,
the chair of Future Earth’s
scientific committee, recently
co-authored a commentary in
Nature® outlining that long-
term sustainability for a global
society will require a careful
watch on Earth’s life-support
system. The group identified
seven environmental priorities,
or “must haves”, for inclusion in
the SDGs: climate, biodiversity,
ecosystem services, freshwater
provision, nitrogen and
phosphorous cycles, pollution
and use of novel materials.
Future Earth has also cemented
close ties with SDSN. The
network’s director, Guido
Schmidt-Traub, sits on Future
Earth'’s interim Engagement
Committee.

Now that the UN’s Open
Working Group has produced its

list of 19 themes there are several
ways science can contribute to the
SDGs. Much more work is needed
to develop integrated targets and
indicators. Scientific expertise
will be an essential ingredient to
create credible, realistic indicators,
as highlighted by a recent UNEP
report* — IGBP director Sybil
Seitzinger contributed.

A significant challenge for the
UN will be in data collection
and analysis. The MDGs were
hampered by long time lags for
reporting, often several years
behind schedule. SDG reporting
will be on a much larger
scale. There is even talk about
reporting at subnational levels,
for example cities and businesses
reporting against SDG targets.
This promises to be a unique
but complex and interconnected
dataset.

Emerging digital technologies
could be harnessed to create a
revolutionary data platform.
There is a window of opportunity
for researchers to work with UN
agencies to develop a ground-
breaking system for collection,
analysis and visualisation.

Social science is also getting
in on the act. Researchers on
the Earth System Governance
project are fully involved and
attending Open Working Group
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meetings. The project has set up
a specific initiative relating to
governance and the SDGs and
plans to publish three policy
briefs in the coming months.

Governance — the systems of
people and institutions, formal
and informal rules, and rule-
making at all levels of human
society — is seen by policymakers,
commentators and scholars as
a major issue that needs to be
addressed to achieve the goal
of a truly sustainable global
society. Indeed, some argue that
the Anthropocene demands a
re-examination of nation-state
governance and its ability to
deal with the global commons.
Global governance failures have
appeared prominently in the
World Economic Forum’s annual
risks report during the last few
years.

The Earth System Governance
project, though, argues that
creating a specific goal on
governance is unnecessary’, and
may well be counterproductive.
Project Executive Director Ruben
Zondervan from Lund University
in Sweden says the literature
does not support the need for a
specific goal; instead, governance
should be tackled within
each goal with specific targets
and indicators. It appears the

co-chairs of the Open Working

Group may be listening because
governance does not appear as a
specific theme in the group’s list.

Zondervan is positive about
the role of science within the
SDGs to date. “Science is more
recognised in this process than
I have seen in other processes.
There have been some excellent
scientific presentations at the
Open Working Group meetings
and we feel the group’s co-chairs
are paying attention.” Indeed,
the OWG has made considerable
efforts to bring in a range of
expertise to help its deliberations.
The problems often lie within the
scientific community’s ability to
respond to deadlines imposed by
the policy process.

“The SDSN is very visible
and provides some really useful
material. ICSU is significantly
weaker. It needs to be more
responsive and build stronger
messages, it needs more
consultations with academia
and more transparency.” He
argues ICSU must focus on
science’s unique selling point: the
evidence base.

There is much at stake. The
SDGs have the potential to be
influential. As highlighted in
Zondervan'’s first policy brief on
the subject’, the SDGs could go a

The ultimate
goal of the
SDGs is to
promote a new
worldview.

long way to setting new societal
norms. The goals may help create
a fresh global narrative around
a common future to mobilise
collective action and help
develop a shared understanding
of interconnected risks and
solutions.

In short, the ultimate goal
of the SDGs is to promote a
new worldview and provide
the beginnings of a plan to
end poverty without imposing
significant costs on Earth’s life-
support systems.
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Future Earth is a new ten-year
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Launched in 1987, IGBP was the first major international
research programme to study the Earth system. IGBP
coordinates international research on global-scale and
regional-scale interactions between Earth's biological,
chemical, physical and socio-economic systems.




