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Chinese Bamboo (竹子 ) Death (photo by Changhui Peng)

Ya-An, Chengdu, China , April 20, 2011 

Caused by 2009 Drought ? 



在2004200420042004年7777月7777日出版的官方《人民日报》科技版上，- - - - 有
一篇题为““““2010201020102010年中国气候突变    美秘密报告引关注””””的报

导。

美国8888年前预测中国大旱    气候研究战略警醒中国

这份题为《气候突变的情景及其对美国国家安全的意义》
的报告，由美国全球商业网络咨询公司（GBNGBNGBNGBN）于2003200320032003
年10101010月发布于其公司网站上。报告是美国国防部出资10101010
万美元委托该公司完成的。

报告用上百字篇幅对中国当前的气候做了如下预言：

““““中国南部地区在2010201020102010年前后将发生持续整整10101010年的特大
干旱。2010201020102010年以后，中国北方水患不断，南方一片干
旱…………    ’’’’





Fig. 1. White dots indicate documented localities with forest mortality related to 
climatic stress from drought and high temperatures. Background map shows potential
environmental limits to vegetation net primary production (Boisvenue and Running, 
2006).

Environmental Factors Controlling Forest Growth and DeathEnvironmental Factors Controlling Forest Growth and DeathEnvironmental Factors Controlling Forest Growth and DeathEnvironmental Factors Controlling Forest Growth and Death



Allen et al., 2010
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Why tree died quickly under disturbance or stress ?
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Consequences of Climate-Induced Tree Mortality





Figure 1. Plot locations. Symbols represent approximate locations of each 
plot: grey circles for plots monitored for 5–10 years and black circles for 
those with more than 10 years of monitoring (Phillips et al, 2008)

Amazonia rain forests



MCWD ( maximum climatic water deficit) 

Change (%) in Mortality



Mortality
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Drought effects (2005) on  Aboveground biomass of Amazon Rainforests

(Phillips  et al, 2009, Science )



(4 FEBRUARY 2011 VOL 331 SCIENCE )(4 FEBRUARY 2011 VOL 331 SCIENCE )(4 FEBRUARY 2011 VOL 331 SCIENCE )(4 FEBRUARY 2011 VOL 331 SCIENCE )

Fig. 1. (A and B) Satellite-derived standardized anomalies for dry-season rainfall for the two most extensive
droughts of the 21st century in Amazonia. (C and D) The difference in the 12-month (October to September)
MCWD from the decadal mean (excluding 2005 and 2010), a measure of drought intensity that correlates
with tree mortality. (A) and (C) show the 2005 drought; (B) and (D) show the 2010 drought.



.

Red and blue symbols indicate,
plots with increasing or
decreasing mortality rates.

 Symbol size: change in mortality rate 
Smallest:  <0.025 year−1; 
Largest : >0.100 year−1; 

Numerals indicate 3 groups of plots: 
region:
 (1) Pacific Northwest,
 (2) California, 
 (3) interior.

Forest cover is shown in green.

Fig.  Locations of the 76 forest plots in the western United States
and southwestern British Columbia

(Phillip van Mantgem et al., Science, 2009)



(Phillip van Mantgem et al., Science, 2009 )







Data Sources and selection:Data Sources and selection:Data Sources and selection:Data Sources and selection: 
Total > 16,000 permanent sample plots (PSPs) available:

(Including Alberta (580 plots), Saskatchewan (2426), Manitoba (368), Ontario 
4000), and Quebec (12 000 ) 

    
Selected Total 96 PSPs with following 6 criteria :

1)Natural forest stands  (without  forest  managements, fire, flood, 
storm, or insect  disturbances)
2)   3  consecutive censuses on both  recruitment and mortality rates 
3)> 10 years of observations between their first and last census
4) Stand age was ≥ 80 years (assuming mature forests)
5) with a large enough number of live trees (≥  80)
6) with spatial location  (long. ,lati.)

(Peng et al., Nature Climate Change, 2011)





Peng et al. Nature CC,( 2011)



Main findings (1):Main findings (1):Main findings (1):Main findings (1): 

    

We found that tree mortality rates increased by an We found that tree mortality rates increased by an We found that tree mortality rates increased by an We found that tree mortality rates increased by an 
overall average of 4.7% per year from 1963 to 2008, overall average of 4.7% per year from 1963 to 2008, overall average of 4.7% per year from 1963 to 2008, overall average of 4.7% per year from 1963 to 2008, 
with higher mortality rate increases in western with higher mortality rate increases in western with higher mortality rate increases in western with higher mortality rate increases in western 
regions than in eastern regions (about 4.9 and 1.9% regions than in eastern regions (about 4.9 and 1.9% regions than in eastern regions (about 4.9 and 1.9% regions than in eastern regions (about 4.9 and 1.9% 
per year, respectively). The water stress created by per year, respectively). The water stress created by per year, respectively). The water stress created by per year, respectively). The water stress created by 
regional drought may be the dominant contributor regional drought may be the dominant contributor regional drought may be the dominant contributor regional drought may be the dominant contributor 
to these widespread increases in tree mortality to these widespread increases in tree mortality to these widespread increases in tree mortality to these widespread increases in tree mortality 
rates across tree species, sizes, elevations, rates across tree species, sizes, elevations, rates across tree species, sizes, elevations, rates across tree species, sizes, elevations, 
longitudes, and latitudes. Western Canada appears longitudes, and latitudes. Western Canada appears longitudes, and latitudes. Western Canada appears longitudes, and latitudes. Western Canada appears 
to have been more sensitive to drought than to have been more sensitive to drought than to have been more sensitive to drought than to have been more sensitive to drought than 
eastern Canada. eastern Canada. eastern Canada. eastern Canada. 

(Peng et al., Nature Climate Change, 2011)
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Figure S3.Figure S3.Figure S3.Figure S3.  Comparison of averaged climate moisture index (CMI) for growing 
season  from May to September  between Western Canada (west) and Eastern 
Canada ( east) since 1963.    
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 (Ma, Peng et al.,  PNAS, 2012)



Main findings (2):Main findings (2):Main findings (2):Main findings (2): 

    

- We found that in recent decades, the rate of biomass 
change decreased significantly in western Canada 
(Alberta, Saskatchewan, and Manitoba), but there was no 
significant trend for eastern Canada (Ontario and Quebec). 

- Our results revealed that recent climate change, and 
especially drought-induced water stress, is the dominant 
cause of the observed reduction in the biomass carbon 
sink, suggesting that western Canada’s boreal forests 
may become net carbon sources if the climate 
change–induced droughts continue to intensify.

(Ma, Peng et al., PNAS, 2012)



- Two major droughts(2005 and 2010) in a decade may largely offset 
the net gains of ~0.4 Pg C year−1 in intact Amazon forest aboveground 
biomass in nondrought years. (Lewis et al. Science, 2011)

- Droughts in 2002 and 2006 reduced the U.S. carbon sink by ~ 20% 
(0.12 Pg C year−1 ) relative to a normal year. (Disturbances including 
wildfires and  hurricanes reduced carbon uptake or resulted in carbon 
release at regional scales (Xiao et al, A. F.M. 151: 60-69, 2011)

- Decrease in biomass in Canadian boreal forest is equivalent to a net 
decrease in the carbon sink of 7.89±3.22 Mt C year-1  , which is equivalent 
to about 3.9% of Canada’s total annual carbon emission  (Peng et al., 
Nature CC, Ma et al., PNAS, 2011)

Observational evidence to support the idea of a Observational evidence to support the idea of a Observational evidence to support the idea of a Observational evidence to support the idea of a 
reduction of carbon sinks caused by drought in reduction of carbon sinks caused by drought in reduction of carbon sinks caused by drought in reduction of carbon sinks caused by drought in 
northern terrestrial ecosystemsnorthern terrestrial ecosystemsnorthern terrestrial ecosystemsnorthern terrestrial ecosystems



IPCC Third Assessment Report (TAR) IPCC Third Assessment Report (TAR) IPCC Third Assessment Report (TAR) IPCC Third Assessment Report (TAR) 
WMO, (2001)WMO, (2001)WMO, (2001)WMO, (2001)

““““Global warming continuesGlobal warming continuesGlobal warming continuesGlobal warming continues””””
(Hansen et al., 2002; (Hansen et al., 2002; (Hansen et al., 2002; (Hansen et al., 2002; Science, Science, Science, Science, 295, 275)295, 275)295, 275)295, 275)



Allen et al., 2010



- Despite many national and even regional forest monitoring efforts, there 
is an absence of adequate global data on forest health status

- Lacking adequate knowledge of the feedback and non-linear interactions 
between climate-induced forest stress, insect outbreaks and fire, that can 
cause widespread forest mortality

- Lacking a fundamental mechanistic understanding of mortality at all spatial scales, 
from the level of individual trees, through forest stands, to regional landscapes.

- Lacking  the ability to predict mortality and die-off of tree species and forest 
types based on specific combinations of climatic events and their interactions with 
biotic stressors and place-specific site conditions.

Current limitations and Uncertainties



Research Needs and Ongoing Challenges:

-  An improved network of observations, both ground-based and remotely 
sensed, is needed to document tree mortality annually

- Improved experiments assessing mechanisms of tree mortality in 
relation to climate drivers are needed for more biomes

-  Efforts on modelling tree mortality (both observations and experiments 
must be linked to modeling efforts to improve forecasts).



( Established in May 2010 in USA, 6x24 m in size – two climate 
extremes – severe drought and heat waves) (Melinda Smith, 2010) 



Zeppel et al 2011, NP



McDowell et al., (2011, TREE)



Chinese Fir 
(杉木)

(Ya-An, Chengdu, China, April 20, 2011)

300 Years Old  1701 YearsGinkgo 
(银杏)



Key References for further Reading:
1)  Allen, C.D., et al. (2010). A global overview of drought and heat-induced tree 
mortality reveals emerging climate change risks for forests. Forest Ecology and 
Management, 259,259,259,259, 660-684.

2). Peng, C., Ma, Z., et al.  2011. A drought-induced pervasive increase in tree 
mortality across Canada's boreal forests. Nature Clim. Change 1111: 467-471.

3). Ma, Z., Peng, C. et al. 2012. Regional drought-induced reduction in
the biomass carbon sink of Canada’s boreal forests. PNAS. 109(7): 2423–2427.

4) Phillips, O.L., Aragao, L.E.O.C et al., 2009. Drought sensitivity of the Amazon 
rainforest. Science, 323(5919): 1344–1347.
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Thank you !

Open for Questions?Open for Questions?Open for Questions?Open for Questions?





(Wang et al. 2012), ER





(Michaelian, Hogg et al, 2011, GCB)(Michaelian, Hogg et al, 2011, GCB)(Michaelian, Hogg et al, 2011, GCB)(Michaelian, Hogg et al, 2011, GCB)

CMI = P- PETCMI = P- PETCMI = P- PETCMI = P- PET

trembling aspen
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Peng et al. Nature CC (2011)

ModelModelModelModel DataDataDataData β a a a a = exp(= exp(= exp(= exp(β) ) ) ) –––– 1 1 1 1 Std. errorStd. errorStd. errorStd. error PPPP nnnn

Overall mortality trend All 0.0458 0.0469 0.002 <0.0001 96

Mortality trends by longitude 
(region)

West (119°W to 97°W) 0.0476 0.0488 0.002 <0.0001 70

East (94°W to 65°W) 0.0191 0.0193 0.008 0.0227 26

Mortality trends by latitude <51°N 0.0686 0.0710 0.006 <0.0001 38

51°N to 54°N 0.0489 0.0501 0.003 <0.0001 24

>54°N 0.0380 0.0387 0.003 <0.0001 34

Mortality trends by elevation < 500 m 0.0469 0.0480 0.005 <0.0001 35

500 to 1200 m 0.0625 0.0645 0.003 <0.0001 26

> 1200 m 0.0204 0.0206 0.003 <0.0001 35

Mortality trends by species Trembling aspen 0.0280 0.0284 0.006 <0.0001 21

Jack pine 0.0537 0.0552 0.017 0.0132 10

Black spruce 0.0425 0.0434 0.004 <0.0001 45

White spruce 0.0329 0.0334 0.005 <0.0001 21

Others 0.0286 0.0290 0.004 <0.0001 31

Mortality trends by diameter 
class                      

< 15 cm 0.0304 0.0309 0.003 <0.0001 94

15 to 20 cm      0.0428  0.0437 0.005 <0.0001 74

> 20 cm 0.0229 0.0232 0.005 <0.0001 50

Table 1. Fixed effects in the generalized nonlinear mixed models describing annual tree mortality rate trends; Table 1. Fixed effects in the generalized nonlinear mixed models describing annual tree mortality rate trends; Table 1. Fixed effects in the generalized nonlinear mixed models describing annual tree mortality rate trends; Table 1. Fixed effects in the generalized nonlinear mixed models describing annual tree mortality rate trends; 
a a a a is the estimated annual change in mortality rate (% yearis the estimated annual change in mortality rate (% yearis the estimated annual change in mortality rate (% yearis the estimated annual change in mortality rate (% year-1-1-1-1) and ) and ) and ) and nnnn is the number of forest plots used in the  is the number of forest plots used in the  is the number of forest plots used in the  is the number of forest plots used in the 
model.model.model.model.



Peng et al. Nature CC (2011)

Table 2: Fixed effects in the generalized nonlinear mixed-effects models describing the 
relationship between annual tree mortality and climatic variables.  n is the number of forest plots 
used in the model.

Models of tree mortality as a function Models of tree mortality as a function Models of tree mortality as a function Models of tree mortality as a function 
ofofofof

                β Std. errorStd. errorStd. errorStd. error PPPP nnnn

All plots Annual mean temperature  ( °C) 0.3761 0.0217 <0.0001 96

Annual climate moisture index ( CMI) -0.0318 0.0043 DataDataDataData 96

Annual moisture index (AMI) 0.0018 0.0002 <0.0001 96

West Annual mean temperature  ( °C) 0.4445 0.0280 <0.0001 70

Annual climate moisture index ( CMI) -0.0602 0.0049 <0.0001 70

Annual moisture index (AMI) 0.0023 0.0002 <0.0001 70

 East Annual mean temperature  ( °C) 0.0969 0.0554 0.0428 26

Annual climate moisture index ( CMI) 0.0083 0.0063 0.2020 26

Annual moisture index (AMI) -0.0009 0.0006 0.1307 26
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