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Table 2 Summary of average global value of annual ecosystem services

Foosystem semvad ha 'yro')

Biome Ares 1 2 3 4 5 [ 7 E] 10 1 12 13 i 1% 16 17 Totelvalue  Total global
{ha = 10°} Gas Climate  Distwrbance ‘Warter  Water Erosion Soil MWutriant Pofination  Biological Habilat! Food Raw Genetic  Recreaton  Cultural per ha Thow value
raguletion requiation  regulation regulation supply  condrol  formation cycling contral  refugia  production meterials  rescurces [$ha Ty ') [y x 0P
Marine 36,302 577 20,949
Cipan ccean 3,200 38 18 5 18 1 6 262 8,381
Coastal e BE 16T a8 ] <) 4 BZ 62 4,052 12 56d
EShupmgg 180 BEY 21,00 7B 13 BZ1 25 3BT 28 22,832 4,10
Seagrass/ 200 19,002 2 19,004 3,801
alges beds
Coral reefs B2 2,750 5 7 220 & 3008 1 6,075 375
Shetf 2,660 1431 L] ] 2 [ 1810 4,283

Tropica: 1,800 223 3 & | 25 10 gz k. 35 # 12 2 2007 3m3

Temperate/hores 2955 28 o o & =] E e 2 e i

Grassa rangsands 3895 T ] 3 29 i 25 23 &7 i} 2 23 B
......................................................................................................................................................................................................... . —

Watlands 330 133 4539 15 3,800 e 2546 106 G 8B 14,785 4,878
Tidal marsh/ 165 1838 Gt 4 162 fikd 3,980 LE48
MARQROWES
Swamps! 165 265 7240 an aam 7 ad am 1,761 19,580 32m

foodplaing

I\l‘ mr
5y
4
I‘P
C
53
T:
_111
"ﬁ
E'?
N
BF
g
K

Cropland 1,400
Urban 33z
Teal [ 1,301 [z 1,779 11k 1,692 L] %] 1707 1y 417 124 1,386 T i) Bi5 s 33264

Numbers inthe body of the table arein$ ha~"yr 7. Row and columniotals ane in $yr~ ' WP, column tatals are the sum of the proc per ha services in the table and the area of each biomae, nc!tlha sum ol the per ha services themsehes. Shaded oalls
indicate services that do not cocur or are known ta be negligible. Open calls indicate lack of available infarmation.
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ICSU Path of Programme Development

A framework to unify existing bodies

=

four Global Environmental Change Programmes
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\* FUTURE
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all co-sponsored by ICSU
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and their partnership



Climate change

Rockstrom et al., Nature, 2009

Aerosol
Chemical pollution
Climate change
Ocean acidification

Stratosphere O3
depletion

N/P cycles

Global freshwater
use

Land use change

Biodiversity loss
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A new 10 year program for future
earth

Future Earth will be a global platform to deliver:

Solution-orientated research for sustainability, linking environmental
change and development challenges to satisfy human needs for food,
water, energy, health;

Effective interdisciplinary collaboration across natural and social sciences,
humanities, economics, and technology development, to find the best
scientific solutions to multi-faceted problems;

Timely information for policy-makers by generating the knowledge that
will support existing and new global and regional integrated assessments;

Participation of policy-makers, funders, academics, business and industry,
and other sectors of civil society in co-designing and co-producing
research agendas and knowledge;

Increased capacity building in science, technology and innovation,
especially in developing countries and engagement of a new generation of
scientists.



Big Societal Questions for Future Earth

* How can humanity feed a growing population
within sustainable boundaries of the earth?

* How can humanity adapt to 3-4 degree C
warmer world?

* How can the world economy stimulate
innovation processes and support
transformation to global sustainability?
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Earth system modeling will further develop the integration of
human-environment systems and their behavior

New better data will become available
New advanced spatial and dynamic tools will be
developed and applied

The focus will shift from understanding historic global change
towards the current and future management of human-
altered processes

The new understanding will especially foster policy
assessments in the field of biodiversity, food security, poverty
and thus sustainable development
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 Hadley Centre (UK)
* IPSL (France)
 MPI (Germany)
* FRCGC (Japan)
* NCAR (USA)
 GFDL (USA)

A common feature of these systems is their increasing
level of complexity
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A substantially improved earth system model through close
collaboration of computer scientists and earth scientists between
Tsinghua and Institute of Atmospheric Physics, CAS

A high resolution model improved from GEOChem to understand
atmospheric chemical transport in China and in the vicinity of China

A widely cited China anthropogenic emission inventory

Use of biogeochemical model in estimating grain production loss
under drought stresses

Climate diagnosis and attribution work in China

The world’s highest resolution global land cover map, new products,
new concepts and new discoveries

China’s environmental monitoring by remote sensing

Mangrove ecosystem interaction with coastal eutrophication and
carbon sequestration — some different results




Example of big questions

Landscapes are shaped by the uplift, deformation and breakdown of
bedrock and the erosion, transport and deposition of sediment.

Life is important in all of these processes. Over short timescales, the
impact of life is quite apparent: rock weathering, soil formation and
erosion, slope stability and river dynamics are directly influenced by biotic
processes that mediate chemical reactions, dilate soil, disrupt the ground
surface and add strength with a weave of roots.

Over geologic time, biotic effects are less obvious but equally important:
biota affect climate, and climatic conditions dictate the mechanisms and
rates of erosion that control topographic evolution.

Apart from the obvious influence of humans, does the resulting landscape
bear an unmistakable stamp of life? The influence of life on topography is
a topic that has remained largely unexplored.

Erosion laws that explicitly include biotic effects are needed to explore
how intrinsically small-scale biotic processes can influence the form of
entire landscapes, and to determine whether these processes create a
distinctive topography.

Dietrich and Perron, 2006, Nature



Examples of big questions

How does vegetation interact with increasing
atmospheric CO2 concentration?

How do people counteract global sea level rise?

How do people prevent from flooding
damages?

What are the most likely areas of land slides?

How to best integrate/assimilate
observational data with models?



Big Societal Questions for Future Earth

* How can humanity feed a growing population
within sustainable boundaries of the earth?

* How can humanity adapt to 3-4 degree C
warmer world?

* How can the world economy stimulate
innovation processes and support
transformation to global sustainability?
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 The CLAW hypothesis has for 20 years
provided the intriguing prospect of oceanic
and atmospheric systems exhibiting in an
intimately coupled way a capacity to react to

changing climate in a manner that opposes
the change.



Carbon Sinks and Sources (Pg C yr)
in the World’s Forests

0.07
__0.03 "'°3a- 0.15 0.26
0.01 093 ' 0.20 0.26
, B | 0.18 024 Ml 0.07
Regions of the World 0.24 - 0.14 — 0.06
Other 0.18 :
No Data/Other Countries
Tropical 1 0.1% . 0.97
a 0.48 0.12
sia 0.65 0.85
Afri
Amencas 0.42 ' . 055 023
0.59
Temperate 1.51 0.59
Continental US & S. Alaska 1.37 0.24 - 0.06
Europe 0.81 0.27 — 0.06
China 0.86
Japan/Korea
Australia/NZ
Boreal
Canada ] Forest Carbon Flux [ Tropical Regrowth | Tropical Gross Deforestation
I N. Europe 1990-1999 Carbon Flux 1990-1999 C Emissions 1990-1999
Asian Russia [l Forest Carbon Flux B Tropical Regrowth [l Tropical Gross Deforestation
European Russia 2000-2007 Carbon Flux 2000-2007 C Emissions 2000-2007

Pan et al. (2011) Science



Keeping Carbon in Terrestrial Ecosystems to
Battle Global Warming

Respiration

Photosynthesis co,




NPP anomaly (Pg C/y)

Remotely Sensed NPP change (1982-2009)
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Zhao & Running (2010). Science
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Global NPP decreased from 2000 to 2009, with NPP over North
Hemisphere continued increasing (winner) and over South Hemisphere

dec

reased; Recent drying trend caused the reduction in NPP in SH.

2

—=—Terrestrial NPP Anomaly

—-Global CO2 Anomaly (inverted)

200
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00 2001 \\ 2002 /200 2004 \ \ 2005 oos\qu/ 2008 2009 \210

Zhao & Running (2010). Science




Global annual evapotranspiration (ET) increased on average by 7.1 mm/yr per decade
from 1982 to 1997. After that, coincident with the last major El Nin"o event in 1998,
the global ET increase had ceased until 2008. This change was driven primarily by
moisture limitation in the Southern Hemisphere, particularly Africa and Australia.

Soil Moisture Trends (1998-2008)
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Frontier 4: Coupled biogeochemical cycles (see Front Ecol & Environ)

Other Trace Gases: NEE,, — LI7700
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NEE observed at eddy covariance sites is: (1) a strong function of mean annual temperature
at mid- and high-latitudes, (2) a strong function of dryness at mid- and low-latitudes, and (3)
a function of both temperature and dryness around the mid-latitudinal belt (45°N).

(a) Temperature-li.mited group
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(b) Dryness-limited group
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Yi et al. ERL, 2010
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