J. Geogr. Sci. 2010, 20(2): 163-176
DOI: 10.1007/s11442-010-0163-4

©2010 @ Science in China Press @ Springer-Verlag

Temporal and spatial response of vegetation NDVI
to temperature and precipitation in eastern China
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Abstract: Temporal and spatial response characteristics of vegetation NDVI to the variation of
temperature and precipitation in the whole year, spring, summer and autumn was analyzed
from April 1998 to March 2008 based on the SPOT VGT-NDVI data and daily temperature
and precipitation data from 205 meteorological stations in eastern China. The results indicate
that as a whole, the response of vegetation NDVI to the variation of temperature is more
pronounced than that of precipitation in eastern China. Vegetation NDVI maximally responds
to the variation of temperature with a lag of about 10 days, and it maximally responds to the
variation of precipitation with a lag of about 30 days. The response of vegetation NDVI to
temperature and precipitation is most pronounced in autumn, and has the longest lag in
summer. Spatially, the maximum response of vegetation NDVI to the variation of temperature
is more pronounced in the northern and middle parts than in the southern part of eastern
China. The maximum response of vegetation NDVI to the variation of precipitation is more
pronounced in the northern part than in the middle and southern parts of eastern China. The
response of vegetation NDVI to the variation of temperature has longer lag in the northern
and southern parts than in the middle part of eastern China. The response of vegetation NDVI
to the variation of precipitation has the longest lag in the southern part, and the shortest lag in
the northern part of eastern China. The response of vegetation NDVI to the variation of tem-
perature and precipitation in eastern China is mainly consistent with other results, but the lag
time of vegetation NDVI to the variation of temperature and precipitation has some differ-
ences with those results of the monsoon region of eastern China.
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1 Introduction

Vegetation is the natural link of soil, atmosphere and moisture on the earth (Chen et al.,
1998) and acts as a sensitive indicator in the research of environment and global change
(Habib et al., 2008). Climatic factors, land use change, the fertilization effect of CO,, and so
on could make different impacts on the terrestrial vegetation of different regions (Schimel et
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al., 2000; Marco et al., 2006). Among these factors, temperature and precipitation are the
most direct and important for plant growth (Braswell et al., 1997; Nemani et al., 1999; Fang
et al., 2004). As a sensitive parameter of surface vegetation coverage and vegetation growth
status, the normalized difference vegetation index (NDVI) has been used widely in envi-
ronmental, ecological and agricultural research (Fung et al., 2000; Nathalie et al., 2005;
Brian et al., 2008). Many scholars have studied the response of vegetation NDVI to the
variation of temperature and precipitation on the global and regional scales (Braswell et al.,
1997; Ichii et al., 2002; Wang et al., 2003; Zhao et al., 2001; Li et al., 2000; Chen et al.,
2001; Xu et al., 2003).

Eastern China is located in the East Asian monsoon climate zone, with diverse climate
and vegetation types (Zhu, 1962; Wu, 1980). Since the reform and opening up, especially in
recent 20 years, the impacts of human activity on natural vegetation have been more intense
and severe than that in the western and northern parts of China. Several scholars have stud-
ied the relationship between NDVI and climatic factors in the monsoon region of eastern
China during 1982-1993 (Wen et al., 2000; Fu et al., 2002), but few study has discussed the
correlation between vegetation NDVI and temperature and precipitation in recent 10 years.
Furthermore, compared with NOAA/AVHRR sensor, SPOT-4 VEGETATION sensor has
many advantages, such as more sensitive to chlorophyll absorption in its red band, the
elimination of strong water vapor absorption in its near infrared band, higher spatial resolu-
tion, and so on, so the SPOT-4 VEGETATION NDVI is more suitable for studying and
monitoring the vegetation dynamics (Xia et al., 2008; Yan ef al., 2008). Therefore, the spa-
tial and temporal response characteristics of vegetation NDVI to the variation of temperature
and precipitation in eastern China were analyzed based on the SPOT-4 VEGETATION
NDVI dataset in this study.

2 Data and methods
2.1 Data

In this study, eastern China is defined as the areas to the east of longitude 111.2°E, and to the
south of latitude 40.2°N, including most of the eastern mainland China, mainly Shanxi, He-
bei, Tianjin, the southern part of Liaoning, Shandong, Jiangsu, Anhui, Henan, Hubei, Hunan,
Jiangxi, Zhejiang, Fujian, Guangdong provinces and Shanghai Manicipality. Data used in
this study are as follows: (1) ten-day composited (maximum-value) SPOT VGT-DN data
from April 1998 to March 2008, with 1 km x 1 km spatial resolution and stretched value
ranged from O to 255, which were downloaded from the internet database
(http://free.vgt.vito.be/home.php) and the atmospheric, radiometric and geometric correction
had been done; and (2) daily mean temperature and daily precipitation data in 205 typical
meteorological stations of eastern China from January 1998 to March 2008, which were ob-
tained from Climatic Data Center, National Meteorological Information Center, China Me-
teorological Administration.

2.2 Method

2.2.1 Spatial and temporal series of temperature, precipitation and NDVI

For the daily mean temperature and daily precipitation data from 205 meteorological stations,
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the average and addition per 10 days were done respectively to obtain the ten-day mean
temperature and precipitation data for each station from January 1998 to March 2008.
Kriging method was used to interpolate the ten-day mean temperature and precipitation grid
from 205 stations with 1 km X 1 km spatial resolution in ArcGIS. True NDVI was restored
with the formula NDVI=DN*0.004-0.1 in ArcGIS and the NDVI series with 1 km x 1 km
spatial resolution were obtained from April 1998 to March 2008. The ten-day time series of
temperature, precipitation and NDVI were also obtained in ArcGIS with eastern China as a
whole.

2.2.2 The temporal response of vegetation NDVI to temperature and precipitation

Considering the lag response of NDVI to temperature and precipitation (Braswell et al.,
1997; Wen et al., 2000; Wang et al., 2003), the NDVI-temperature and NDVI-precipitation
correlation analysis were carried out between each ten-day NDVI and the temperature and
precipitation of previous 0-9 ten-days (previous 0-90 days) for the whole year(from De-
cember to November), spring (from March to May), summer (from June to August) and au-
tumn (from September to November) respectively. For example, in order to analyze the re-
sponse of spring NDVI to the variation of previous temperature, the annual NDVI data from
the 7th to the 15th ten-day were selected and formed a NDVI time serial data (including 90
numbers of NDVI values), accordingly, the temperature from the 7™ to the 15" ten-day, the
6" to the 14th ten-day, ...... , the 35th to the 7th ten-day, and the 34th to the 6th ten-day were
annually selected and formed 10 numbers of temperature time serial data, each including 90
numbers of temperature values, and the time serial correlation between NDVI and tempera-
ture of previous 0-9 ten-days was analyzed respectively. The response of NDVI to previous
temperature in the whole year was analyzed based on the NDVI data of 360 ten-days from
April 1998 to March 2008 and temperate data of 369 ten-day from January 1998 to March
2008 in eastern China. In the northern part of eastern China, vegetation is deciduous in most
places, so the response of NDVI to temperate and precipitation in winter was not analyzed
specially.

2.2.3 The spatial response of vegetation NDVI to temperature and precipitation

Based on the location of 205 meteorological stations in eastern China, the average ten-day
NDVI of each station and its surrounding 3 km x 3 km areas was calculated to form the time
series ten-day NDVI of each station in ArcGIS from April 1998 to March 2008. With the
above-mentioned method, the NDVI-temperature and NDVI-precipitation correlation coef-
ficients of each station between ten-day NDVI and temperature and precipitation of previous
0-9 ten-days were calculated for the whole year, spring, summer and autumn respectively.
The maximum correlation coefficients of NDVI-temperature and NDVI-precipitation were
selected respectively and the spatial distribution of maximum correlation coefficient and its
corresponding lag time were displayed with ArcGIS, and the regional difference of vegeta-
tion NDVI response to temperature and precipitation was analyzed.

3 Results and discussions
3.1 Temporal response characteristics of NDVI to temperature and precipitation

In the whole eastern China, vegetation NDVI had higher correlation with temperature of
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previous 0-20 days, and had higher correlation with precipitation of previous 20-40 days
(Figure 1a). Vegetation NDVI had the highest correlation with temperature of previous 10
days, and had the highest correlation with precipitation of previous 30 days, with the corre-
lation coefficient of 0.85 and 0.70 respectively. That is to say, the maximum response of
vegetation NDVI to the variation of temperature on the whole had a lag of about 10 days,
and the maximum response of vegetation NDVI to the variation of precipitation had a lag of
about 30 days in eastern China.
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Figure 1 Correlation coefficient between NDVI and temperature and precipitation (a. the whole year; b. spring;
c. summer; d. autumn)

The correlation coefficient between NDVI and previous temperature decreased gradually
with the increase of previous days (Figure 1a). The correlation coefficient between NDVI
and precipitation of previous 0—30 days increased gradually with the increase of previous
days, but the correlation coefficient between NDVI and precipitation of previous 30-90 days
decreased gradually with the increase of previous days. Vegetation NDVI had higher corre-
lation with temperature of previous 0-50 days than that with precipitation of the corre-
sponding periods, but the correlation between NDVI and temperature of previous 60-90
days was lower than that between NDVI and precipitation of the corresponding periods, i.e.
for the whole eastern China, the response of NDVI to temperature was more pronounced but
temporary than that of precipitation.

In eastern China, the NDVI-temperature and NDVI-precipitation correlation were the
highest in autumn. In spring, summer and autumn, the response of vegetation NDVI to tem-
perature was more pronounced than to precipitation (Figure 1). In spring and autumn, vege-
tation NDVI had the highest correlation with temperature of the same time and with pre-
cipitation of previous 20 days (Figures 1b and 1d). The NDVI-temperature and
NDVI-precipitation correlation coefficient decreased quickly with the increase of previous
days, i.e. vegetation NDVI responded to temperature and precipitation with shorter lag in
spring and autumn. In summer, the correlation between NDVI and temperature of the previ-
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ous 40 days was the highest, and the correlation between NDVI and precipitation of the pre-
vious 20-90 days was higher (Figure 1c), namely, the lag time of NDVI response to tem-
perature and precipitation was longer.

For eastern China, the response of vegetation NDVI to temperature was more pronounced
than to precipitation, which was consistent with other results. For example, Chen et al.
(2001) studied the driving effects of temperature and precipitation on the variation of NDVI
across China and the results indicated in the humid plain of eastern China coastal area, the
main driving factor for the variation of surface NDVI was temperature. Zhao et al. (2001)
studied the relationship between different ecosystems and climate in China, and suggested
that at an averaged year, temperature had more pronounced force to vegetation than precipi-
tation. Liu et al. (2007) analyzed the relation of vegetation index and its driving factors in
Hainan Island and the results indicated that the variation of temperature dominated the
vegetation variation, and the changes of vegetation index was more highly affected by
monthly mean temperature than monthly precipitation.

3.2 Spatial characteristics of maximum NDVI response to temperature and precipita-
tion

3.2.1 Spatial distribution of maximum NDVI response to temperature

In the northern and middle parts of eastern China, the maximum response of vegetation
NDVI to the variation of temperature was more pronounced than that in the southern part as
a whole (Figure 2a). In Zhejiang, Jiangxi, Hunan and the areas to the north of these prov-
inces, the maximum correlation coefficient between NDVI and temperature was more than
0.7 in most stations, but in Guangdong and Fujian, the maximum correlation coefficient was
less than 0.7 basically. In some stations in the southern part of Liaoning, the eastern part of
Shanxi, the southern part of Hebei, the middle and eastern parts of Shandong, the south-
western part of Anhui, the eastern part of Hubei, Jiangxi and Zhejiang, the maximum corre-
lation coefficient was more than 0.8, but in some stations in Henan, Hubei, the northern part
of Anhui and Jiangsu, the maximum correlation coefficient was less than 0.6.

The maximum correlation coefficient between vegetation NDVI and temperature was
more in spring and autumn than that in summer as a whole. In spring, the spatial distribution
of maximum correlation coefficient between NDVI and temperature was basically consistent
with that in the whole year. In the northern part of eastern China, including Shanxi, Hebei,
Shandong, the northern part of Henan and Jiangsu, and the southern part of Liaoning, the
maximum correlation coefficient was more than 0.7 in most stations (Figure 2b). In the
southern part of eastern China, including Guangdong and Fujian, the maximum correlation
coefficient was basically less than 0.6. In some stations of Henan, Hubei, Anhui, Jiangsu,
and Fujian, the correlation coefficient between NDVI and temperature was very little or was
negative. In summer, the maximum correlation coefficient between vegetation NDVI and
temperature had obvious difference in the northern and southern parts of eastern China. To
the north of latitude 30°N, the maximum correlation coefficient was basically more than 0.5,
but to the south of latitude 30°N, the maximum correlation coefficient was basically less
than 0.5 (Figure 2c¢). In autumn, the maximum correlation coefficient between vegetation
NDVI and temperature was basically more than 0.6 in Shanxi, Hebei, the southern part of
Liaoning, Shandong, Anhui, Jiangsu and Jiangxi, but in other regions, the maximum cor-
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Figure 2 Spatial distribution of maximum correlation coefficient between NDVI and temperature (a. the whole
year; b. spring; c. summer; d. autumn)
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relation coefficient was more than 0.4 in most stations (Figure 2d).
3.2.2 Spatial distribution of maximum NDVI response to precipitation

Spatially, the maximum response of vegetation NDVI to precipitation in the northern part
was more pronounced than that in the middle and southern parts of eastern China, and the
difference of maximum response between the middle and southern parts was not obvious
(Figure 3a). In the northern part of eastern China, including Shanxi, Hebei, Tianjin, Shan-
dong and the southern part of Liaoning, the maximum correlation coefficient between NDVI
and precipitation was basically about 0.5, but in the middle and southern parts of eastern
China, the maximum correlation coefficient was mostly 0.2—0.4. Besides Baoding station in
Hebei province, the maximum correlation coefficient between NDVI and precipitation in
eastern China was less than that between NDVI and temperature. The maximum correlation
coefficient between NDVI and precipitation was less than 0.6 except for very few stations.
In Weixian station of Hebei province, the correlation between NDVI and precipitation was
the highest.

In spring and autumn, the maximum correlation coefficient between NDVI and precipita-
tion was basically positive, i.e. previous precipitation could help plant growth as a whole. In
spring, the maximum correlation coefficient between NDVI and precipitation was about 0.3
in most regions of eastern China; moreover, the maximum correlation coefficient in the
northern part was slightly more than that in the middle and southern parts of eastern China
(Figure 3b). In the Yangtze River Delta, the maximum correlation coefficient was less than
0.2 in spring. In summer, the maximum correlation coefficient between NDVI and precipita-
tion was positive to the north of latitude 31°N, and negative to the south of latitude 31°N
(Figure 3c). The maximum correlation coefficient between NDVI and precipitation in the
northern part was mostly about 0.4, and in the southern part of eastern China was mostly
about —0.3. In some stations in the northern part of Jiangxi, the southwestern part of Zheji-
ang, Hunan, Fujian and Guangdong, the maximum correlation coefficient was less than —0.4
in summer. In autumn, the maximum correlation coefficient between NDVI and precipitation
in the northern part of eastern China, mainly to the north of Jiangsu, Anhui and Henan, and
in the southern part of eastern China, mainly in Guangdong, was more than 0.3 mostly, but
in other regions, the maximum correlation coefficient was mostly less than 0.3 (Figure 3d).
In several stations in Hubei, the northern part of Hunan, Jiangxi and Fujian, vegetation
NDVI was negatively correlated with precipitation in autumn.

In eastern China, the maximum response of vegetation NDVI to temperature and precipi-
tation decreased with the decrease of latitude, this is basically consistent with other results in
China. For example, Li ef al. (2000) shown that from the southeastern to the northwestern
part of China, the correlation coefficient between NDVI and climatic conditions increased
gradually. Lin et al. (2007) studied the temporal and spatial variation of MODIS vegetation
indices in Hunan province and found the seasonal variation of vegetation indices were more
influenced by temperature, moreover, the impact of temperature on vegetation indices de-
creased with the decrease of latitude. In eastern China, especially in its middle and southern
parts, the response of vegetation NDVI on precipitation was less pronounced, relatively rich
precipitation in these regions may be the main reason. Xu et al. (2003) concluded that with
very sufficient precipitation, the precipitation could satisfy the need of plant growth, so the
impact of precipitation on plant growth would weaken, and temperature would be the main
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factor influencing vegetation growth. Different regions have different climate, vegetation
types, soil texture and so on, so the spatial distribution of NDVI-temperature and
NDVI-precipitation correlation was uneven (Zhao et al., 2001; Xu et al., 2003).

In spring and autumn, the correlation between vegetation NDVI and temperature was ba-
sically positive, indicating that temperature is still a limiting factor for vegetation growth in
eastern China. The correlation between NDVI and temperature was lower in the southern
part of Henan, the northern part of Hubei and Anhui, and the middle and southern parts of
Jiangsu. This probably has relationship with the growth laws of local crops. In May and June,
the winter wheat in these regions is mature and harvested, and the NDVI begins to decrease
(Xu et al., 2003), so the impact of temperature on vegetation NDVI in the late spring and
early summer is little, even in some places, the correlation between NDVI and temperature
is negative. To certain extent, this also results in the lower correlation between NDVI and
temperature in the whole year in these areas. In summer, the correlation between NDVI and
temperature was higher in the northern part than that in the southern part of eastern China,
which indicates that in the southern part, the impact of temperature on vegetation is less than
that in the northern part. The maximum correlation coefficient between NDVI and precipita-
tion was positive to the north of latitude 31°N, and negative to the south of latitude 31°N in
summer (Figure 3¢). The rich precipitation in the southern part of eastern China may be the
probable reason. In summer, precipitation in the southern part is generally relative enough
for plant growth, so excessive precipitation means the increase of cloud cover and the de-
crease of incident radiation, moreover, the increase of soil moisture may result in the in-
crease of surface latent heat of evaporation and the decrease of temperature and the photo-
synthesis of plant, all these are unfavorable to plant growth (Zhao et al., 2001).

3.3 Spatial characteristics of lag time for NDVI response to temperature and precipi-
tation

3.3.1 Spatial distribution of lag time for maximum NDVI response to temperature

In eastern China, the lag time corresponding to vegetation NDVI maximum response to
temperature was the longest in the southern part and the shortest in the middle part of east-
ern China (Figure 4a). In the northern part of eastern China, including Shanxi, Hebei, Tian-
jin, most places of Shandong, and the southern part of Liaoning, the maximum response of
vegetation NDVI to temperature had a lag ranging from 10 to 40 days in most stations. In
the middle part of eastern China, including Henan, the southwestern part of Shandong, An-
hui, Jiangsu, Shanghai, Zhejiang, the northern part of Jiangxi, Hubei and Hunan, vegetation
NDVI had the highest correlation with temperature of the same time, i.e. the response of
vegetation NDVI to the variation of temperature was synchronous. In the southern part of
eastern China, including Guangdong, Fujian and the southern part of Jiangxi, the maximum
response of vegetation NDVI to temperature had a lag ranging from 20 to 60 days in most
stations, especially in the middle and southern parts of Guangdong, the maximum response
of vegetation NDVI to temperature had a lag ranging from 50 to 60 days.

In spring, the maximum response of vegetation NDVI to temperature was rapid, with a
lag ranging from 0 to 20 days in most stations (Figure 4b). In the northern part of eastern
China, including Shanxi, Hebei, the southern part of Liaoning, Shandong, the northeastern
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Figure 4 Spatial distribution of lag time for maximum NDVI response to temperature (units: 10 days; a. the
whole year; b. spring; c. summer; d. autumn)
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part of Henan, the northern part of Anhui and Jiangsu, the maximum response of vegetation
NDVI to temperature had a lag ranging from 10 to 20 days in most stations. In the southern
part of eastern China, the maximum response of vegetation NDVI to temperature also had a
lag ranging from 10 to 20 days in the eastern part of Jiangxi, the western part of Fujian and
some places of Guangdong, but in other places of the southern part of eastern China, vegeta-
tion NDVI responded to the temperature synchronously in most stations. In summer, the
maximum response of vegetation NDVI to temperature had a lag ranging from 50 to 60 days
to the north of latitude 32°N, but to the south of latitude 32°N, vegetation NDVI responded
to temperature synchronously in most stations (Figure 4c). In autumn, the maximum re-
sponse of vegetation NDVI to temperature had a lag ranging from 0 to 40 days mostly, and
stations with vegetation NDVI synchronously responding to temperature were the most, but
the spatial distribution had no obvious difference (Figure 4d).

3.3.2 Spatial distribution of lag time for maximum NDVI response to precipitation

The lag time corresponding to maximum NDVI response to precipitation in eastern China
increased gradually from the northern to the southern part, i.e. the lag time was the longest
in the southern part (Figure 5a). In the northern part of eastern China, including Shanxi,
Hebei, Tianjin, the southern part of Liaoning, Shandong, the northern part of Jiangsu and
Anhui, Henan and the middle and western parts of Hubei, the maximum response of vegeta-
tion NDVI to precipitation had a lag basically ranging from 10 to 20 days, of which the lag
time in Shanxi, Shandong and the northern part of Henan was mostly 10 days, and in the
southern part of Hebei and Henan was mostly 20 days. In the southern part of eastern China,
the maximum response of vegetation NDVI to precipitation had a lag mostly ranging from
20 to 60 days. In the eastern and southern parts of Jiangxi, the western part of Fujian and the
middle and northeastern parts of Guangdong, the maximum response of vegetation NDVI to
precipitation had a lag ranging from 70 to 90 days in most stations.

In spring, vegetation NDVI maximally responded to precipitation with a lag ranging from
0 to 20 days in the most of eastern China. In Hebei and Shandong, spring NDVI maximally
responded to precipitation synchronously (Figure 5b). In summer, the maximum response of
vegetation NDVI to precipitation had a lag ranging from10 to 40 days to the north of latitude
31°N, but to the south of latitude 31°N, vegetation NDVI negatively responded to precipita-
tion synchronously, i.e. within 10 days more precipitation could restrain vegetation growth
in the southern part (Figure 5c¢). In autumn, vegetation NDVI mostly responded to precipita-
tion with a lag ranging from 10 to 20 days in Shanxi, the western and southern parts of He-
bei, the middle and southern parts of Shandong, the northern part of Jiangsu, the eastern and
northern parts of Anhui and the northern and middle parts of Henan, but in the southern part
of Liaoning, Tianjin, the eastern part of Hebei and the northern part of Shandong, the maxi-
mum response of vegetation NDVI to precipitation mostly had a lag ranging from 30 to 60
days. In the southern part of eastern China, the maximum response of vegetation NDVI to
precipitation had a lag ranging from 30 to 40 days in most stations (Figure 5d). In the south-
ern part of Jiangsu, Shanghai, and the eastern part of Zhejiang, vegetation NDVI responded
to precipitation with a lag of about 20 days.

Wang et al. (2003) studied the temporal response of NDVI to precipitation and tempera-
ture in the Central Great Plains, USA and the results indicated that vegetation NDVI was
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Figure 5 Spatial distribution of lag time for maximum NDVI response to precipitation (units: 10 days; a. the
whole year; b. spring; c¢. summer; d. autumn)



CUI Linli et al.: Temporal and spatial response of vegetation NDVI to temperature and precipitation 175

significantly influenced by temperature of the concurrent and previous one month. In the
northern part of eastern China, the maximum response of vegetation NDVI to temperature
was longer in summer, with a lag ranging from 50 to 60 days. The possible reason may be in
summer, temperature is no longer the main limiting factor for vegetation growth, and vege-
tation growth limits are imposed by other factors such as soil moisture or nutrient availabil-
ity rather than temperature, so the response of vegetation to temperature is slower. Chen et al.
(2007) studied the vegetation coverage and its relationships with temperature and precipita-
tion in Ningxia and found the higher temperature in the late winter and the early spring, the
higher vegetation coverage in summer in Qinghai lake area.

Based on the NDVI data and temperature and precipitation data from 152 meteorological
stations, Wen et al. (2000) analyzed the large scale features of seasonal phenological re-
sponses to the monsoon climate in eastern China, and the results indicated that in multi-year
average, the seasonal phenology kept significant synchronous correlation with temperature
variation in all phases including the whole year, growing season, the increasing and declin-
ing parts of growing season, and in most phases, the seasonal phenology and the precipita-
tion variation had their significant correlation with the time lag from 20 to 30 days. This has
some difference with our results. The difference in studied temporal and spatial scale, the
change of vegetation types, and so on may result in the difference of vegetation VDVI re-
sponse to temperature and precipitation.

4 Conclusions

The temporal and spatial response of ten-day SPOT VGT-DNVI to temperature and precipi-
tation of previous 0-9 ten-days was analyzed from April 1998 to March 2008 in this study
and the main results were as follows:

(1) The response of vegetation NDVI to the variation of temperature was as a whole more
pronounced than that of precipitation in eastern China. The maximum response of NDVI to
temperature had a lag of about 10 days, and the maximum response of NDVI to precipitation
had a lag of about 30 days. In autumn, the response of NDVI to temperature and precipita-
tion was the most pronounced, and in summer, NDVI responded to temperature and precipi-
tation with longer lag. The response characteristics of NDVI to temperature and precipita-
tion in eastern China were basically consistent with other results.

(2) Spatially, the maximum response of vegetation NDVI to temperature in the northern
and middle parts was more pronounced than that in the southern part, and the maximum re-
sponse of NDVI to precipitation in the northern part was more pronounced than that in the
middle and southern parts of eastern China. The response of NDVI to temperature in spring
and autumn was more pronounced than that in summer, and the response of NDVI to pre-
cipitation in spring and autumn was positive in most stations. In summer, the response of
NDVI to precipitation was positive to the north of latitude 31°N and negative to the south of
latitude 31°N.

(3) The maximum response of vegetation NDVI to temperature had the longest lag in the
southern part and the shortest lag in the middle part of eastern China spatially. The lag time
of maximum NDVI response to precipitation increased with the decrease of latitude. The
maximum response of NDVI to temperature had longer lag in spring than that in autumn as a
whole. In summer, NDVI synchronously responded to temperature to the south of latitude
32°N in most regions, and synchronously responded to precipitation to the south of latitude
31°N basically. The temporal and spatial difference of study scale, the change of vegetation
types, and so on, could result in the difference between our and other results.
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