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Changes in climate and atmospheric components

Annual Trend 1901 to 2005
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Atmospheric Scientists have established:

Annual Trend 1901 to 2005
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What aree the responses of terresrial ecosystem to these
changes?

Annus ll nd 1901 to 2005
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Present & Past Subjects (2004-)

The impacts of climate changes on vegetation
productivity;

Change in phenology and its effects on terrestrial
carbon cycle;

Global/regional carbon budget;

The impacts of climate change on water resource,



(1) The impact of climate change on vegetation productivity
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Investigate the spatial patterns of change in vegetation

growth and its mechanisms in the Northern Hemisphere
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Understanding how vegetation growth responds to climate change

is a critical requirement for projecting future ecosystem dynamics.  spring temperature will generally enhance vegetation productiv-

Parts of North America (NA) have experienced a spring cooling ity by extending the growing season. Rather than responding to
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temperature has risen by 1.1°C since the 1980s (16). Warmer
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(1) The impact of climate change on vegetation productivity

Enhanced vegetation growth
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(1) The impact of climate change on vegetation productivity

Zhou et al. (2001)
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detrending the original time series. To estimate the relation
between NDVI and temperature, we estimate the regression
model

Y=PBo+Bi X+ Py time + g, (11)

where ¥ is the dependent variable, time is the deterministic
variable, X is the independent variable, B, B, and B, are
regression coefficients, and € is a stochastic error term. This

Greening of NH was chiefly driven
i by rising temperature |

______________________________________________

Ahlbeck et al. (2002)

ing equation:
NDVI=(3; +3, temp+[3, COz +¢, 1)

vowith data from North America and Eurasia. Here temp
:dcm}lc&; temperature. To determine whether CO, or
| temperature has a statistically measurable effect on NDVI,
we use a f statistic to test the null hypothesis that the

Greening of NH was chiefly driven
i by rising atmospheric CO2 i

______________________________________________

Mechanisms controlling current enhanced vegetation growth in the Northern

Hemisphere are under debate!
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(1) The impact of climate change on vegetation productivity
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Spring temperature change and its implication

(1) The impact of climate change on vegetation productivity
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Understanding how vegetation growth responds to climate change temperature has risen by 1.1 °C since the 1980s (16). Warmer
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(2) Phenology change and its effects on terrestrial carbon cycle
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events and terrestrial carbon fluxes over NH

Global Change Biology (2006) 12, 672-6
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Net carbon dioxide losses of northern ecosystems in
response to autumn warming
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The carbon balance of terrestrial ecosystems is particulary sensi-
tive to climatic changes in autumn and spring™™, with spring and
autumn temperatures over northern latitudes having risen by
about 1.1°C and 0.8 °C, respectively, over the past two decades’.
A simultaneous greening trend has also been observed, characte-
rized by a longer growing season and greater photosynthetic acti-
vity™, These observations have led to speculation that spring and
autumn warming could enhance carbon sequestration and extend
the period of net carbon uptake in the future®, Here we analyse
interannual variations in atmospheric carbon dioxide concentra-
tion data and ecosystem carbon dioxide fluxes. We find that atmo-
spheric records from the past 20 years show a trend towards an
earlier autumn-to-winter carbon dioxide build-up, suggesting a
shorter net carbon uptake perind. This trend cannot be explained
by changes in atmospheric transport alone and, together with the
ecosystem flux data, suggest increasing carbon losses in autumn,
We use a process-based terrestrial biosphere model and satellite

process-oriented terrestrial biosphere model (ORCHIDEE) ' is
bined with an atmospheric transport model (LMDZt)" to quantify
the processes thmugh which autumn warming controls the carbon
balance of ecosystems (see Methods).

The seasonal eycle of atmospheric CO, concentrations provides an
integrated measure of the net land-atmosphere carbon exchange (net
ecospstem productivity; NEP) and its temporal characteristics™"”,
We analysed the ten atmospheric CO; measurement records from
the NOAA-ESRL air-sampling network™, which cover at least 15
years of data in the Northern Hemisphere (Fig. 1 and Supple-
mentary Table 1) The upward zero-crossing date of COy was deter-
mined as the day when the de-trended atmospheric COy seasonal
cycle crosses the zero line from negative to positive values (see
Methods). This date oceurs in autumn at northern high-latitude
stations and in e.-urlj,' winter at northern lmpiral stations I:h'upple-
mentary Table 1), We found that variations in the CO; zero-crossing
date are negatively correlated with anomalies in autumn air tempera-




(2) Phenology change and its effects on terrestrial carbon cycle
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(2) Phenology change and its effects on terrestrial carbon cycle
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(2) Phenology change and its effects on terrestrial carbon cycle
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(2) Phenology change and its effects on terrestrial carbon cycle
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(2) Phenology change and its effects on terrestrial carbon cycle
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Warmer autumns may reduce carbon storag

Warmer autumns could reduce the ability of ecosyste
the northern hemisphere to sequester carbon dioxide
shortening the carbon-uptake period during the year.
new result contradicts previous speculation that wan
autumnal temperatures would enhance carbon storag
plantlife, thanks to extra photesynthesis, as they stay
green for longer.

Auturn and spring temperatures in the northern hemisp
have risen by about 1.1°C and 0.8°C respectively over t
20 vears, The carbon balance of terrestrial ecosysterns i
highly sensitive to these climatic changes. The tempera
increazes have also been accompanied by a "greening” ©
characterized by a longer growing season for plants and
increazed photosynthesis,

Al this led many scientists to believe that spring and au
warmning would increase carbon sequestration via
photosynthesis and that the period of net carbon uptake
rise in the future. Researchers at the Laboratoire des So
du Climate de [Environnement in Paris, France, and colle
in Europe, China, Canada and the LIS are now saying tha
may not be true. They have found that the length of the
carbon uptake period has actually decreased at nearly all
northern hemisphere atmospheric carbon dioxide statior
during the last two decades because of rising auturmnnal
temperatures,

“This finding stands in apparent contradiction with autul
areening and longer-lasting vegetation activity detected
mid-to-high northern latitudes by remaote sensing and

rhannranlinmical d2ts " laadine suthar Shilanm Diaa told
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CARBON CYCLE

Sources, sinks and seasons

Jahn B. Millar

Changesin the phasing of seasonal cycles of carbon dioxide in the
atmosphere mark the time when a region becomes a source ora sink of CO,.
One study of such changes prompts thought-provoking conclusions.,

e are current by getting a 0% discount on the
climatic impact of our fossil-fuel emissions.
Since 1957, and the beginning of the Mauna
Loa record of atmospheric carbon dioide,
omly about half of the CO, amissions from
fossil-fuel combustion have remained in the
atrnosphers, with the cther half being taken up
by thelandandocean. In the face of increas-
ing fossil-fuel emissions, this remarkably
stable ‘airborne fraction’ has meant that the
rate af carbon absorption by the land and
ocean has accelerated over time'. Unfortu-
nately, we have no guarantes that the 0%
discount will contine, and ifit disappears we
will feel the full climatic brint of our unelent-
ing emission of CO, from fossil fuels. Indesd.,
climate models that inclide descriptions of the
carbon cycle predict that terrestrial uptake of
carbom will decrease in the next century as
climate warms®. As they describe elsewhere
in this issue (page 49, Piao & al.* have used
abservational data to show that rising termper-
atures may already be decressing the efficiency
of terrestrial carbon uptake in the Marthern
Hemisphere.

Piao et al locked atchanges inthe phasing of
seasonal oycles of stmogpheric OOy concentra-
tions at ten sites north of about 20 1. Seasomal
cycles of atmospheric CO, are causad prima-

E: Lorg-term
tend
5
E
E AuwumnIc
§" L=~
8
I ansannua oy
Time (ysarsi

Fgum 1 fero-oossing{ A ddates. These dates,
shown by red dots, are defined as the time when
the annual cpcle of abmospheric 00y crosses the
cakulated long-term trend in COyconcentration.
In sprirg,. thisoccurs as net CO, uplake is
increasing and atmospheric COhcancentration

is falling, and in autumnn as net CO, releass is
increasing and atmespheric 00y concentration

is rsirg. The phasing of this cpcle isdetermined
by net carbon uptake or redease throughout

the vear, which, in turn, i the balance bebwesn
regpiration and photosynthesis. Becavess net flux.
isthe relatively small differencs bebween the much
bger photosyntheti and respiratory fluxes small
fractional changes in either photosynthesis ar

rameabion can haes buees frme e s b i

afcarban in autumn seems tolarngely cancel the
uptake gains made by earlier, greener springs.
just asthe atmospheric data did.

Pian and colleagues’ results link terperatine
and carban uptake, but using them to predict
the fisture trajectory of carbon wptake is tricky:
Even ifwe know that temperatires will increase,
we still need to know temperature trends for
spring and autumn. If spring temperatures
rise more quickly than these in auhamn, sinks
could getlarger, whereas more rapid increases
in autumn termn perabires woul d cavse sinksto
diminish. Furthermore, the authors point ont
that, so far, spring temperahures have been ris-
ing faster in Burasia than in Morth America,
whereas autumn temperatures have been rsing
faster in Morth America, adding alevel of geo-
graphical complexity to fbure projections.

Even for now, however, the picture remains
incomplete. Just as measures of greenness
from space can’t determine total carbon bal-
ance bacause they miss the respiratory side of
the equaticn, so the study by Piao e all doesn’t
address carbon balance in the winter and swm-
mer. And theannual net carbon balance is what
isneaded in order to understand whether car-
bon sinks ame disappearing remaining seady
ar getting stronger.

I light of Piao and colleagues’ resulis, and of
two recent shudies showing diminishing coean
sinks in the critical carbon-uptake areas of the
North Atlantic™ and Southern Ocean®, it may
seem odd to considerthat carbon sinks might
be getting stronger. But this is exactly what the
steady airborne fraction of global CiOy is tel ling
us The global CO signal is most significant for
two reasons: firs, it is the most robust determi-
nation of carbon uptake, because the erroms in
atmospheric observatjons and fossil-fuel emis-
sicnsare very small; and second. the global Ty
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The carbon balance of terrestrial ecosystems in China

Shileng Piao', Jingyun Fang', Philippe Ciais®, Philippe Peylin®, Yao Huang', Stephen Sitch® & Tao Wang'

Global terrestrial ecosystems absorbed carbon at a rate of
1-4Pgyr~" during the 1980s and 1990s, offsetting 1060 per cent
of the fossil- fuel emissions'=. The regional patterns and causes of

i uncertain'~",
jonal aspects

the carbon balance of China™. This is not only
is the world’s most populous country and the lar-
to the atmosphere', but also
ally distinet land-use histories
and dimate trends', which together control the carbon budget of
its ecosystems, Here we analyse the current terrestrial carbon bal-
ance of China and its driving mechanisms during the 1980s and
19905 using three different methods: biomass and soil carbon
inventories extrapolated by satellite greenness measurements,

models and hericil ions. The three methods
produce simila i 19-
0.26 Pg carbo
conterminous
Furope®. Wefi

estimates of a net
PgC) per year,

ted States® but com
at northeast Chi

In parallel with the recent economic boom in China, there has been a
steep rise in energy demand, sustained by the use of fossil fuels. Fossil-
fuel CO, emissions have thus climbed from 0.4 PeCyr ' in 1980 to
15PgCyr " in 2006, making China the largest emitter in the world*
Quantifying the carbon balance of Chinese ecosystems is necessary not
only to assess the magnitude of the Northern Hemispheric and global
sinks, but also to define new objectives for the management of terrest-
rial ecosystems in the context of the global impetus to slow the rate of
OO, growth. In this sudy, we use three different methods: sample-
based biomass and soil arbon inventories combined with remaotely
sensed vegetation greenness index, ecosystem models and atmospheric
inversions of CO, concentration data (Methods), to assess the carbon
balance of China during the 1980s and 1990s.

Forests cover ~14% of China. Analysis of the national forest invent-
ory data (Methods) suggests that forest biomass carbon stock increased
significantly during the 1980s and 1990s. This translates into a carbon
sink of 0.058+0026PgCyr~" during the 1980s and one of
0.092 % 0.084 PeCyr ! during the 19905 (Tabk 1). A total amount
of 165 £0.76PgC has been sequestered into forest biomass since
1982. On an area basis this accumulation of carbon in standing tree



It Is of critical importance
to quantify China’s carbon budget
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In parallel with the recent economic boom in China, fossil fuel CO2 emissions have
climbed from 0.4 PgC yr-1in 1980 to 1.5 PgC yr-1 in 2006, placing China as the
largest emitter in the world.

Raupach et al.,
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Afforestation/reforestation projects
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Three-North protective forest and
sand-control plantation surrounding
Beijing
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S River valley and coastal protective
project

-China contributed about one quarter of the
global plantation area.

-Forest plantation benefit net carbon
uptake

Change of forest density, %/yr

Change of forest area, %/yr

Kauppi et al., (2006)
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1000 km

Atmospheric inverse Model

Upscaling 10 km

Prediction

Downscaling
Verification

+ Integration by modeling (Moses-Triffia;
LPJ; Sheffield-DGVM; Hyland,; ORCHIDEE)
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This week's news

+ China's plants absorb a third of its carbon emissions

+ Indian fossil find resolves fraud accusations

+ Galaxies grow fat on 'big blob' meals

+ More from Nature News

Latest Research

+ NAADP mobilizes calcium from acidic organelles through two-
pore channels

+ Current Issue
Volume 458 Number 7241

+ Irreversibility of mitotic exit is the conseguence of svstems-
loval faadhark
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GLOBAL CHANGE

China at the carbon crossroads

Kevin Robert Gurney

In China, as in other nations that produce carbon dioxide from fossil fuels
on a large scale, the terrestrial biosphere mops up a proportion of the
emissions. Estimates of the amounts involved are now available.

According to recent estimates'?, in late
2006 China overtook the United States as
the world’s number one emitter of carbon
dioxide, the primary greenhouse gas. This
dubious honour highlighted the swift growth
of CO, emissions in China, much of that
growth being due to rapid industrialization
fuelled by coal-powered energy and cement
manufacturing (during which especially

@ 2009 Macmillan Publishers Limited. All rights reserved

large amounts of CO, are produced).

As reported on page 1009 by Piao and
colleagues®, and as in other large CO, emitters
of the Northern Hemisphere, China’s trees,
shrubs and soils are acting to partly offset the
CO, emissions resulting from fossil-fuel com-
bustion. Piao et al. estimate this biospheric
offset by examining changes in soils and veg-
etation across China and comparing these

977
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Abstract

Drought is one of the most important but least d issues in global

changes. Decrease in so0il moisture is an indicator of drought. Here, we analyze summe,
{June—August) soil moisture measurement data across 50 sites in China in order to inve
the linkage between climate change and drought. At the country scale, a significant dec
summer s0il moisture in the top 50 cm was observed during 198 1-2002, resulting mail
the decline in soil moisture in Morth China. Statistical analyses suggest that changes in
precipitation frequency have significant consequences for soil moisture dynamics, but o
ahility to use precipitation frequency changes to explain the variation of soil moisture d
on the discriminating criteria of precipitation events. Among five criteria (0. 5. 10, 15, ¢
20 mm day "), the maximum coefficient of correlation between summer soil moisture i
50 ¢m and precipitation frequency occurs when considering the number of days on whi
daily precipitation amount is larger than 10 mm (PF10). Spatially. the correlation betw:
moisture in the top 50 cm and PF10 is weak for very dry and very wet soils and is mucl
stronger for intermediate values.

Changes in climate and land use have a larger direct
impact than rising CO; on global river runoff trends

Shilong Pizo®, Pizrre Frizdlingstein®', Philippe Gais®, Nathalie d= Noblet-Ducoudre®, David Labat', and Sonke Zashlz®

“mstitut Plerra Simon Laplacs, Lsbarstors des Soences du Climat o i
and *Laboratolre da Moanisma de Transtert en Gaologia, Lnid Mixs:
Rachenche pow ke DévaloppementiUnkrsitd do Fans Sud 14, Avanug

Communicaied by ez Y. Fung, Unkenity of Calftornia, Bersekey, CA.

The significant worldwids Inrease In obssrved river nanofl
besn fantatively attributed to the stomatal “anttranspirant

sponsa of plants fo rising atmospharic C0z [Gednay M, Cox
Eofis RA, Bouchar O, Huntingford £, Siott P& (2006} Naturo
835-838]. Howowar, C0z also ks 2 phint fortilizer, When allowin
the Increass In follage area that resuls from Increasing a
sphari 00 leveks in 2 global vegetation modal, we find adec

Vol 4672 September 2010/doi:10.1038/ nature09364

namre

REVIEWS

In global nenoff from 1901 to 1399, This finding
Impartance of vegatation struchrs fesdback on thewater bal
of the land surface. Therciore, the clovated atmaspharic
eoncantration dogs not sxplain the sstimated Inoreass in gl
runaff over the last cantury. In contrast, wa find that chang
maan climats, 35 well as 1ts varability, do contribarts o the gl
rumcff Increzse. Using historic land-use data, we show that |
wsa changs plays am addional Important rols In comtrodlin
giomal manaff values, particulry In the tropics. Land-uss ch
has been strongest in tropical reglons, and s contributk
substantizlly larger than that of dimate change. On 2w
land-uss change has Increased global nanoff by 0028 mmiyear
accounts for =50% of the reconstrucied global nanoff trend
the last contury. Therafors, wa am) o the Importanc
deanrm:wlznhlnmxﬂlghmf‘mhﬂmammblq
dimats.

wtmaspherk OO, | water ok | dimada changs | land covar change

limate change and hwman istervestion are expecte

sroagly alter the global hydrological ‘“:h. in the cm
decades [1-5). Previous recoast
suggests that global river rw CTEASE -ngmﬁchmh. du
the Jth century (7). However, it s difficult io estimate whe
this trend im runcdf & caused by natural ar anthropogenic fac
because the characteristics and dynamic properties of the
dralogical cycle depend on many interrelsled links an
dlimate, atmosphere, soil, and ve n dynamics. Long-

The impacts of climate change on water
resources and agriculture in China

Shilong Piao', Philippe Ciais®, Yao Huang®, Zehao Shen', Shushi Peng', Junsheng Li*, Liping Zhou', Hongyan Liu’,

Yuecun Ma', Yihui Ding’, Pierre Friedlingstein™

© Chunzhen Liu”, Kun Tan', Yonggiang Yu?, Tianyi Zhang® & Jingyun Fang!

China is the world's most populous country and a major emitter of greenhouse gases. Consequently, much research has
focused on China's influence on climate change but somewhat less has been written about the impact of climate change on
China. China experienced explosive economic growth in recent decades, but with only 7% of the world's arable land available
to feed 22% of the world's population, China's economy may be vulnerable to climate change itself. We find, however, that
notwithstandingthe clear warming that has occurred in China in recent decades, current understanding does not allow a clear
assessment of the impact of anthropogenic climate change on China's water resources and agriculture and therefore China's
ability to feed its people. To reach a more definitive conclusion, future work must improve regional climate simulations—
especially of precipitation—and develop a better understanding of the managed and unmanaged responses of crops to
changes in climate, diseases, pests and atmospheric constituents.

limate change and its impacts on water resources and crop
production is a major force with which China and the rest
of the world will have to cope in the twenty-first century'*
In China, despite the growing importance of industry, agri-

S PUSEE FU, (R SN S S NN o (. U N F o o

agricultural production, and the role ofagricultural adaptation poten-
tials, within a more conceptual and speculative frameworle

Through this analysis, we show that China’s dimate has dearly
warmed since 1960, with an increased frequency of heatwaves, and that
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