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GRASSLAND  ECOSYSTEMS

Grasslands cover nearly 1/5 of the global terrestrial surface (Eswaran et al., 1993) 
and store most of their carbon below ground (Burke et al., 1997; Connor et al.,   
2001);
provide a variety of products and ecosystem services and are important    
contributors to climate regulation and global carbon balance;contributors to climate regulation and global carbon balance;
is the most serious affected area by human activities;
very sensitive to environment change due to its limitation on moisture and  

i linutrient supplies;
disturbances from global change may impact its composition and function   
, which is a very complex process., y p p



GRASSLAND  ECOSYSTEMS

Grassland ecosystems may function as potential carbon sinks or areGrassland ecosystems may function as potential carbon sinks, or are  
near equilibrium, and could contribute to balancing the global  
carbon budget. 

However, grassland ecosystems also release carbon into the  
atmosphere during extreme climate events and disturbance.p g

How to guarantee the sustainable development of grassland  
ecosystems under global climate change? —Subject of IGBPecosystems under global climate change?  —Subject of IGBP



GRASSLAND  ECOSYSTEMS

Tropical and subtropical grasslands, savannas, and shrublanBrazil, Australia

Temperate Grasslands, Savannas, and Shrublands

Deserts and Xeric Shrublands

North American China, Australia

All countries except Canada

TundraCanada

Montane Grasslands and Shrubland

Deserts and Xeric ShrublandsAll countries except Canada

China

Olson’s



GRASSLAND  ECOSYSTEMS
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GRASSLAND  ECOSYSTEMS

Comparative studies over grasslands (Great Plains and Northern China)Comparative studies over grasslands (Great Plains and Northern China), 

shrublands (Australia, Canada, America), Savanna (Australia, Brazil, America). 

Closed Shrublands

Open Shrublands

Woody Savannas

Savannas

Grasslands
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CLIMATE  CHANGE

PAR

TemperatureTemperature

Precipitation



Annual PDSI Mean

Annual PDSI Trend

Annual PDSI Mean

Data source: Zhao, M et al. 2010
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VEGETATION  GREENNESS  AND CLIMATE CONTROLS

•૟Ԏٶ AVHRR NDVI 1982-2006ٶ૟Ԏ

��AVHRR NDVI Trend (1982-2006)



VEGETATION  GREENNESS  AND CLIMATE CONTROLS

AVHRR NDVI  Anomaly (1982-2006)
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VEGETATION  GREENNESS  AND CLIMATE CONTROLS

Zhang L., et al. unpublished



VEGETATION  GREENNESS  AND CLIMATE CONTROLS
PAR-AVHRR

PRCP-AVHRR

TEMP-AVHRR

Zhang L., et al. unpublished



Precipitation-NDVI Water limited

GrasslandGrassland

Shrubland

Savanna



Temperature-NDVI Temperature limited

GrasslandGrassland

Shrubland

Savanna



PAR-NDVI Radiation limited

Grassland

ShrublandShrubland

Savanna



VEGETATION  GREENNESS  AND CLIMATE CONTROLS

MODIS NDVI Trend (2000-2011)



VEGETATION  GREENNESS  AND CLIMATE CONTROLS
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Zhang L., et al. unpublished
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VEGETATION  PRODUCTIVITY

GPP

NEE

Data source: Xiao, J. et al. unpublished



VEGETATION  PRODUCTIVITY

Data source: Zhao, M.et al. 2010



VEGETATION  PRODUCTIVITY

2005 drought
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IMPACTS OF DISTURBANCE 

Northern China
• Temperate humid

Great Plains
• Temperate humid

• Steppe
• Semi-desert
• Cold-desert

p
• Steppe

Great Plains grasslands:      25-50ºN
Northern China grasslands: 32-53ºN

Si il it DissimilaritySimilarity
•Inland grassland in the northern Hemisphere
•Temperate grasslands with C3/C4

Dissimilarity
•Proportions of plant function types
•Precipitation gradient from east to west

500 150 i th Chi•Precipitation decrease from east to south 500-150mm in northern China
1000mm-300mm in Great Plains

•Different human activities



IMPACTS OF DISTURBANCE 

Zhang L., et al. 2011. Upscaling carbon fluxes over Great Plains grasslands: sinks and sources. 
JGR-Biogeosciences, Vol 116, G00J03.



IMPACTS OF DISTURBANCE 

Zhang L, et al. 2011. Upscaling carbon fluxes over Great Plains grasslands: sinks and sources. 
JGR-Biogeosciences, Vol 116, G00J03.
Zhang, L., et al., 2011, J. Geophys. Res. 
Zhang, L., et al., 2010, Rangeland Ecology & Management



IMPACTS OF DISTURBANCE 

2002 NEP: 0.30 g C mí2 yrí1

2005 NEP: 47 7 g C mí2 yrí12005 NEP: 47.7 g C m 2 yr 1
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Zhang L., et al. 2010. Rangeland Ecol Manage.



IMPACTS OF DISTURBANCE 

2004

20052009

2002

20052009

2006
2007

2008

2000

2001

Zhang L., et al. unpublished



IMPACTS OF DISTURBANCE 
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Zhang L., et al. unpublished





Zhang, L. et al.  Environ Res Letters, in press 
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FUTURE  PLANS

Trend�in�Precipitation�

Australia-wide trends in P and AVHRR fPAR 1981-2006
Donohue et al., (2009) Global Change Biology

total�
fPAR�

trend
+7%

+8%

Trend�in�
recurrent�fPAR�

Trend�in�
persistent�
fPAR

Ͳ7%+21%



FUTURE  PLANS

Canada Long-term Satellite Data RecordsLong term Satellite Data Records



FUTURE  PLANS

Similarity and Dissimilarity on:Similarity and Dissimilarity on:Similarity and Dissimilarity on:Similarity and Dissimilarity on:S a ty a d ss a ty oS a ty a d ss a ty o

Feedback to climate change and human activities? Feedback to climate change and human activities? 

S a ty a d ss a ty oS a ty a d ss a ty o

Feedback to climate change and human activities? Feedback to climate change and human activities? 

Interactions?Interactions?

Balance?Balance?

Interactions?Interactions?

Balance?Balance?

Projections?Projections?Projections?Projections?
 .. .. .. ..



FUTURE  PLANS

China: Zhang Li et al.

U S : Xiao Jingfeng; Wylie BruceU.S.:   Xiao, Jingfeng; Wylie, Bruce
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