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Land precipitation is changing significantly over b road areas
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Continental 
warming likely
shows a 
significant 
anthropogenic 
contribution over 
the past 50 years
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� The increase in the frequency and intensity of extreme events 
associated to climate change will affect the global carbon and 
hydrological cycle. 

� Drought-affected areas will likely increase in next several decades 
(IPCC, 2007), and enhanced drought can result from decreases in 
annual precipitation, shifts in precipitation distribution over a region 
(Reichstein et al., 2002) and the timing of spring snowmelt (Barnett 
et al., 2005). 

� Climate change scenarios for the Eurasian steppe, especially for the 
typical and/or meadow steppe in China, suggest an increase in 
mean air temperature and more frequent and prolonged droughts 
(McCarthy et al., 2001).



China grasslands cover 400 million ha or 41.7% of the land area, 
and stretch 4,500 km northeast–southwest (lat 28 ºN to lat 51ºN). 
They extend from the northeastern plains adjacent to Mongolia to the 
southern Tibetan Plateau and consist of four major types: 

From east to west, meadow steppe, typical steppe, and desert 
steppe zones occur in response to the decreasing moisture gradient.
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Songnen Meadow Steppe 
(extends westward to contact the eastern part of typical steppe in the 
inner Mongolia) 

� Location: 123°30 ’ E,  44°35’ N Elevation: 171m

� Climate: Mean annual temperature is 5 ºC. Annual rainfall is about 
350 - 460 mm. However, annual evaporation from water surface is 
up to 1200 - 1600 mm, which is about 3� 4 times of the mean annual 
precipitation. 

� Biome/Vegetation: Meadow steppes dominated by Leymus
chinensis, Chloris virgata and Puccinellia tenuiflora etc.

� Soil characteristic: Meadow chernozem & Alkali-saline soil
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� According to the four GCMs model outputs, in the Songnen meadow 
steppe, temperature will rise 2.8 - 7.5 oC and precipitation will 
increase by 10% or so by the end of next century (Deng and Liu, 
2000). 

� In Northeast China, the total area of soda saline land reaches 
3,730,000 hm2 in the western Songnen Plain, which is one of the 
three largest soda saline regions in the world. For the meadow 
steppe, the vegetation degradation always goes with soil salinization.

� It is presumed that not just drought, but water stress induced by high 
salinity could reduce NEE over the meadow steppe in northeast 
China.



�	��������������

� Controlled experiments of simulated nitrogen deposition, elevated 
CO2 and temperature, precipitation, as well as their interactions on 
meadow steppe from species, functional group, and community 
levels. 

� Long-term observation of carbon and water exchanges based on 
eddy covariance (EC) flux measurements.
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� There were twelve subplots (3 m×4 
m) in three rows. The distance 
between subplots was 3 m. Half of 
each subplot was assigned as the 
increased N (10g N m-2 y-1) treatment 
and the other as the control. 

� The warmed subplots were heated 
continuously from 28 June 2006 
using MSR-2420 infrared radiators 
suspended 2.25 m above the ground, 
with the mean temperature increased 
by 1.7±0.1� .
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� Warming reduced the temperature diurnal 
variation, thus limiting the accumulation of dry matter 
and eventually led to a decline in biomass. 

� Warming decreased NEE, gross ecosystem 
productivity (GEP) , while increased ecosystem 
respiration (ER).

� Increased N stimulated the NEE, ER, GEP and 
WUE. Under conditions of warming and increased N, 
N ameliorated the negative impacts of climatic 
warming on ecosystem carbon fluxes. 
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� The ecosystem responses (productivity, stability, and biodiversity) to 
local climate change and human activity.

� Effects of the conversion of grassland to alkali-saline land on carbon, 
water and energy exchanges.

� Potential interactions between water use and soil salinization.

� The communication of grassland ecology knowledge to both farmers
and policy makers.
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