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Nitrogen deposition Precipitation change

Temperature changeCO2 increase

Change in climate and atmospheric components 



Nitrogen deposition Precipitation change

Temperature changeCO2 increase

Atmospheric Scientiests have established: 



Nitrogen deposition Precipitation change

Temperature changeCO2 increase

What is the response of vegetation growth to these changes?

?



AVHRR

Myneni et al. (1996)
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Increase in NDVI Magnitude from 1982 to 1999Increase in NDVI Magnitude from 1982 to 1999

Zhou et al. (2001)



Role of temperature change Role of temperature change -- statistic applicationstatistic application

Zhou et al. (2001)

Greening of NH was chiefly driven 
by rising temperature

Ahlbeck et al. (2002)

Greening of NH was chiefly driven 
by rising atmospheric CO2

Zhou et al. (2002)



There is little doubt that 
changes in these factors affect 

vegetation growth. The real 
question is that how much each 

factor contributes to the 
observed signals. 



Role of temperature change Role of temperature change -- modeling applicationmodeling application

Greening of NH was chiefly 
driven by rising temperature, 
and the effect of rising 
atmospheric CO2 can be 
ignored.



Role of temperature change Role of temperature change -- modeling applicationmodeling application

At the continental scale, 
Interannual variation 
was chiefly driven by 
temperature;

For the trend: rising 
atmospheric CO2 
contributed by 49%; 
while temperature 
contributed by 31%.

Piao et al., 2006, GRL



Potential climate limits to plant growth derived from long-term
monthly statistics of minimum temperature, cloud cover and rainfall.

Nemani et al., 2003
Water = 40%, Temperature = 33%, Radiation = 27%



Piao et al., 2006, GRL

Spatial patternsSpatial patterns
NOAA/AVHRR
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Piao et al., 2006, GRL



问题： 1980s-1990s显著增加的植被生

长趋势最近10年是否还在持续？



生长季生长季(4(4--1010月月) NDVI) NDVI变化趋势变化趋势



生长季生长季(4(4--1010月月) NDVI) NDVI变化趋势的空间分布变化趋势的空间分布



生长季平均NDVI增加机制



不同季节不同季节 NDVINDVI变化趋势变化趋势



春季春季 NDVINDVI变化趋势的空间分布变化趋势的空间分布



夏季夏季 NDVINDVI变化趋势的空间分布变化趋势的空间分布



秋季秋季 NDVINDVI变化趋势的空间分布变化趋势的空间分布



• 1980s-1990s显著增加的植被生长趋势

最近10年发生了变化

问题：那么什么时候开始发生这一变化？

它的空间变化是怎样？



• 1980s-1990s显著增加的植被生长趋势
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问题：那么什么时候开始发生这一变化？

它的空间变化是怎样？
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Piecewise linear regressionPiecewise linear regression



Piecewise linear regressionPiecewise linear regression





Year 2003 in Europe
The largest productivity crash of the past 100 years

Ciais et al. 2005, Peylin et al., unpublished

fAPAR Anomaly

CO2 Anomaly

Plant Productivity





问题：最近十年的植被生长下降只取决于

干旱？



Decline in vegetation growth over the last decade



Decline in vegetation growth over the last decade



Spring 
NDVI

Spring 
Temperature

Before TP After TP

Trend in spring vegetation growth and temperature



Trend in summer vegetation growth

Summer 
NDVI

Spring 
temperature

Summer

PDSI

Before TP After TP



Decline in spring vegetation growth due to cooling



Spring phenology change in Qinghai-Xizang



Spring phenology change in Qinghai-Xizang

如果1998-2006
年的冬季温度上
升导致该地区物
候推迟的话，为
什么1998年之前

，春季物候提前
？



Spring phenology change in Qinghai-Xizang
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Method to detect changes in the vegetation green-up date

Firstly, we calculate the averaged annual NDVI 
time series curve during 1982-2006 to 
determine the NDVI threshold of vegetation 
green-up in each pixel. 

The threshold over 1982-2006 is defined as the 
NDVI value with the highest positive relative 
NDVI seasonal change;

We performed a least square regression 
analysis between NDVI data and the 
corresponding day of year (Julian day)

Finally, the annual green-up date is calculated 
as the day when interpolated daily NDVI 
crosses the corresponding threshold upwards .



Spring phenology change in Qinghai-Xizang
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Spring vegetation green-up date vs. altitude

Spatial patterns of spring vegetation green up date closely linked with 
altitude. 

Across the Plateau, in response to increase in elevation by 100m, the 
green-up date delays by 0.8 days.

Piao et al., GCB (2006); AFM(2011)



Temperature vs. altitude

y = -0.004x + 19.61
R2 = 0.5579
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Such a significant increase in 
green-up date with increasing 
altitude is coincident with 
decreasing temperature;

Both annual and spring 
temperature is negatively 
correlated with altitude by 0.3 
and 0.4 oC/100m, respectively.

Spring phenology change in Qinghai-Xizang
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1982-1999: y=-0.884x+1907.5 R2=0.56 P<0.001
1999-2006: y=2.211x+-4276.1 R2=0.44 P=0.074
1982-2006: y=0.013x+122.0 R2=0.00 P=0.945

The vegetation green-up 
significantly advanced by 0.9 
days yr-1 from 1982 to 1999 
(R2=0.56, P<0.001);

From 1999 to 2006, the 
green-up date marginally 
delayed with an overall rate 
of 2.2 days yr-1. 

Spring phenology change in Qinghai-Xizang
Temporal change in spring vegetation green up date
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1982-1999: y=0.092x+-178.8 R2=0.44 P=0.003
1999-2006: y=-0.075x+156.3 R2=0.11 P=0.426
1982-2006: y=0.047x+-88.8 R2=0.27 P=0.007
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Spring phenology change in Qinghai-Xizang
Temporal change in spring temperature



Spring phenology change
Trend in spring phenology and temperature

Before 1999

After 1999

Vegetation green-up significantly 
advanced in 29% of vegetated 
area, particularly in the 
southwestern parts;

In contrast, during 1999-2006, the 
green-up date delayed (positive 
trends) in more than 75% of 
Qinghai-Xizang Plateau. 



1998-2006年间BGS变化趋势随海拔的变化

Spring phenology change in Qinghai-Xizang



1998-2006年间春季温度变化趋势随海拔的变化

Spring phenology change in Qinghai-Xizang



生态系统过程模型？











DGVMs derived NPP change



Uncertainties:

Missing processes
N depositions.  

Atmospheric O3 pollution
Land Use Change (e.g. plantation, deforestation…)
Agriculture Irrigation & fertilization

Parameterizations

Driving factors

Temperature, precipitation, radiation  and land cover 
map et al.



a
Pg/yr/C

b
Pg/yr/mm

C
Pg/yr/ppm

R2

HYL -0.02 0.01 0.15 0.97 
LPJ -2.52 0.03 0.16 0.92 
SHE -2.46 0.07 0.18 0.89 
TRI -2.33 0.06 0.18 0.90 
ORC -1.79 0.04 0.18 0.92 

NPP = aMAT + bMAP + cCO2 + d

Uncertainties due to different parameterizationsUncertainties due to different parameterizations



Vegetation productivity and NitrogenVegetation productivity and Nitrogen

Reich et. al. PNAS, 1997.Nitrogen deposition

• Productivity of many 
land ecosystems is 
control by nitrogen 
availability (Vitousek, 
2002, Reich et al. 
1997, FACE results, 
etc.)

m1



幻灯片 54

m1 As mentioned above, fertilizer production is one of manifistations of N limitation on vegetation productivity
mobila.local, 2005-9-28



The effect of irrigation and fertilization on The effect of irrigation and fertilization on 
agriculture productivityagriculture productivity

Satellite data based model Only climate data based model



Uncertanties from driving factorsUncertanties from driving factors

Nemani et al., 2003

Piao et al., 2005



HomeworkHomework



Thanks !
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