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Responses of NDVI to climate change in the Hai Basin
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Abstract: In this study, based on the RS and GIS systems, AVHRR/NDVI data of 8 km resolution and meteorological data were
used to analyze NDVI, annual precipitation, and temperature change rates by pixel from 1981 to 2000. In addition, the correlation
between NDVI, annual rainfall, and annual average air temperature were calculated. The results showed that annual precipitation
increased in the northern and southern areas of the Hai Basin from 1981 to 2000 while declining in the central area, with a range of
—80 to 80 mm/10 a (‘a’ represents a year). As basin-wide temperatures increased, the Wutai Mountains area had the most significant
increase, up to about 2°C/10 a. The NDVI reduced significantly in Beijing, Tianjin and other large adjacent cities, with a change
rate of about —0.8 NDVI/10 a while increasing in the southeast part of the plains of the Hai Basin and the Yanshan Mountains, at
about 0.8 NDVI/10 a. The correlation between NDVI, precipitation, and air temperature had significant spatial variation. In the cold and
wet areas of the Hai Basin, such as the grasslands in the upstream areas of the Luanhe River and the area of the Wutai Mountains,
the vegetation index is not sensitive to precipitation while it is correlated positively with the air temperature. In the warm and wet
climate areas, such as the south end of the Taihang Mountains, the precipitation affected vegetation growth when it increased. In dry
conditions, such as the eastern coastal plain and north of the Yanshan Mountains of the Hai Basin, NDVI significantly was corre-
lated positively with precipitation and negatively with air temperature. In the irrigated agriculture areas of the piedmont plain, crop

growth was not sensitive to climate changes.
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1 INTRODUCTION

Since industrialization, with the worldwide extensive use of
fossil fuels, a large amount of CO, and other greenhouse gases are
discharged into the atmosphere, which has led to environmental
pollution, rising temperatures, and a series of serious problems
(Solomon, et al., 2007). In recent years, global climate changes
caused by human activities and their influence on ecological sys-
tems have caused widespread concerns (Guo & Wang, 2007).
As the main body of terrestrial ecosystems, vegetation plays an
important role in the biomass production, ecological functions of
regulation, and maintenance of the global carbon balance. Climate
changes in temperature, moisture, sunshine, and light intensity will
lead to vegetation changes, which will affect regional biomass
production and ecosystem composition. Therefore, research into
the relationship between vegetation changes and climatic factors
has great significance in understanding the response of regional
vegetation production to climate changes.
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Previous studies have confirmed that vegetation changes were
related to climatic factor changes on a global or regional scale (Melillo,
et al., 1993; Keeling, et al., 1996; Field, et al., 1998; Nemani, et
al., 2003; Weltzin, et al., 2003). Temperature and precipitation are
the most significant factors that affect the ecosystem characteristics
and distribution in climatic factors (Liu & Fu, 2001). The normal-
ized difference vegetation index (NDVI), calculated using remote
sensing image data, currently is one of the most commonly used in-
dicators to monitor regional or global vegetation and the ecosystem
and is the best instruction factor to reflect vegetation growth condi-
tions and coverage (Zhao, 2004; Zhang, et al., 2005).

Due to the continuity in time and space, as well as having a good
linear relationship with photosynthetic active radiation, vegetation
greenness, biological carbon sequestration, vegetation coverage, and
other parameters, NDVI is used widely in the study of the relation-
ship between vegetation cover and climate. Recently in a study of the
relationship between NDVI and climatic factors, Piao and Fang, et al.
(2001) analyzed the vegetation dynamics with NOAA-AVHRR/NDVI
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data in China for a period of 18 years (1982 to 1999). The results
showed that NDVI declined significantly in the arid areas in north-
west China. In addition, China’s Pearl River Delta and Yangtze
River Delta were the most significant areas where vegetation cover
declined in the past 18 years, which indicated the impact of rapid
urbanization. Chen, et al. (2002) studied the regional differentia-
tion rule on NDVI change responses to climate factors in China
and believed that NDVI in the northeast region of China, eastern
Inner Mongolia, and the Qinghai-Tibet Plateau were more sensitive
to average annual precipitation. However, South China, the Yellow
River-Huai River Basin, and the western region of Xinjiang were
more sensitive to average annual temperatures. Song and Ma, et al.
(2008) found a positive correlation between vegetation, precipita-
tion, and temperature in the cold and arid regions of China. Further
research by Wang, et al. (2005) showed that the responses of differ-
ent forest types to climate change factors were quite different in the
northeast China forested areas. According to Zhang, et al. (2009),
the NDVI of spring vegetation and temperature were closely related
in Xinjiang, while vegetation had a significant positive correlation
with precipitation in summer. The NDVI change in autumn showed
the combined effect of temperature and precipitation.

The Hai Basin has some of the most intensive human activities
and shows serious deterioration of the ecological environment in all
of China’s regions. As the political and economic center of China
and the important breadbasket in northern China, vegetation changes
have a significant impact on the ecosystem and agricultural produc-
tion in this area. To carry out studies of the relationship between
NDVI and climatic factor changes in the Hai Basin and to predict
vegetation (NDVI) change is meaningful for estimation of regional
vegetation productivity, biological carbon sequestration processes,
and ecosystem structure and functions evaluation.

In this study, the NOAA/AVHRR NDVI data of the Hai Basin
from 1981 to 2000 and the surrounding 67 meteorological stations’
data were used to analyze the correlation between the vegetation
index and the main climatic factors. The spatial pattern of the re-

sponse of vegetation to climatic factor changes was studied, which
can provide scientific support for ecological environmental build-
ing in the Hai Basin.

2 STUDY AREA AND METHOD
2.1 The Hai Basin

The Hai Basin is located in 112°E to 120°E, 35°N to 43 °N. The total
area is 318,000 km’, and it has a temperate semi-humid, semi-arid
continental monsoon climate with average temperatures between
0°C and 14.5°C, reducing from south to north and from the plains
to the mountains. The coldest point is located in the north Bashang
Plateau and the Wutai Mountain areas (Fig. 1(a)). Average precipi-
tation over the years in this basin has been from 600 to 650 mm in
the southeast, gradually reducing to 350 to 400 mm in the north-
west, with a mean value of 535 mm, which is the lowest precipita-
tion region of eastern coastal China. Affected by the mountainous
terrain, two rainy areas are found, where the annual rainfall is
greater than 600 mm, near the windward slope of Wutai Mountain
and Zunhua of Tangshan City, and the rainfall reduce from the top
to the sides along the mountains arc (Fig. 1(b)).

The Hai Basin, as the most important political, economic, and
cultural center of China and with a total population of 126 million,
accounts for 13% of the country’s GDP, and grain production ac-
counts for approximately 10% of all grain production in the coun-
try. Due to intense human activities, natural vegetation has been
destroyed, and the main vegetation is crops in the plains areas. Only
a small amount of natural vegetation can be found in the mountain
areas, and natural secondary forest is distributed mainly at eleva-
tions above the 1000-meter range. Because of the wet zone where
annual precipitation is more than 600 mm on the windward slope of
the Taihang Mountains, vegetation grows well. Due to the Yanshan-
Taihang Mountain barrier, at the leeward slope, annual precipitation
is approximately 400 mm, and where the vegetation is sparse, and
the ecosystem is fragile.
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Fig. 1 Twenty-year average precipitation and average temperature contour map of Hai Basin
(a) Average annual temperature 1981—2000 contour (°C); (b) Annual precipitation 1981 mm—2000 mm
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2.2 Data and methods

2.2.1 NDVI and meteorological data

In this study, 8 km resolution by 10 days AVHRR/NDVI data
from 1981 to 2000 (Ryutaro, 2001) was used. The monthly maxi-
mum NDVI was calculated using the Maximum Value Composite
(MVC), which provided the annual average, and then we analyzed
the correlation between climatic factors and NDVI.

Based on the meteorological data from 67 sites in and around the
Hai Basin, from 1981 to 2000, spatial interpolation of the average an-
nual temperature and the annual rainfall in the Hai Basin was carried
out. Then we obtained the annual average temperature and precipita-
tion distribution maps of the basin with a resolution of 8 km x 8 km
from 1981 to 2000.

2.2.2  Methods

In this study, we analyzed the vegetation NDVI change, annual pre-
cipitation change, and annual temperature change in different regions
of the Hai Basin from 1981 to 2000 by using linear regression method.
The slope of the trend line of the regression equation in each single
pixel was set as the inter-annual rate of change.

To study the correlation between the vegetation NDVI and an-
nual precipitation, as well as mean annual temperature, we analyzed
the relationship between NDVI and standardized precipitations and
temperature data of each pixel, respectively, and then conducted a
significance test for the results (Wang J, et al., 2001; Wang & Rich,
2003; Wang & Meng, 2008).

3  RESULTS AND ANALYSIS

3.1 NDVI, temperature and precipitation change
trends on a basin-scale

To study the above-mentioned elements changes’ spatial dis-
tribution, we used the least-squares method to calculate the linear
change rate of annual precipitation, temperature, and NDVI by
pixel and to analyze the significance of these changes. Annual pre-
cipitation increased, and the average inter-annual rate of the change
was 30 mm/10 a to 80 mm/10 a in the southern and northern re-
gions of the basin; in the eastern coast, the western mountain areas,
and some areas of the central part, the annual precipitation was
reduced to -30 mm/10 a in some regions (Fig. 2(a)).

The temperature throughout the entire Hai Basin increased, show-
ing an upward trend (Fig. 2(b)) with small increases in the northeast
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and southwest regions of the basin, and the change rate was 0.6 ‘C
per 10 a; the increases in the Wutai Mountain area were the most
obvious, up to 2 C per 10 a. Throughout most of the basin, NDVI
showed an increasing trend (Fig. 2(c)). In the southeastern plains
and the Yanshan Mountain, NDVI values increased significantly.
As construction areas expanded in and around Beijing, Tianjin,
Shijiazhuang, Tangshan, and other large cities, NDVI appeared to
change negatively. The NDVI also showed a decreasing trend in the
northern basin, the upper reaches of the Luanhe River grassland area,
and individual areas of the leeward slope of the Taihang Mountains.

3.2 Spatial analysis for the correlation of NDVI with
precipitation and temperature

To study the responses of NDVI to climate change, we calculate
the linear correlation of NDVI with precipitation and temperature by
pixel using the least-square method and evaluated its significance in
the dominance level of 0.05. Fig. 3 shows the spatial distribution of
the significantly related region of NDVI with precipitation and air
temperature.

As shown in Fig. 3(a), the significant positive correlation region
between precipitation and NDVI is distributed mainly in the eastern
elevation <10 m of the low plains area of the Hai Basin. This region
holds large tracts of saline because shallow underground water is salt
water, which cannot be used for irrigation. It is rain-fed agriculture
(He, et al., 2002) in most part of this area, and vegetation growth
conditions are affected significantly by annual precipitation. Another
region with a positive correlation with precipitation is distributed in
the eastern part of the YanShan Mountain, where most vegetation
types are natural woodland, with a dry climate and environment.
Precipitation had a significant impact on vegetation growth in this
area. A strong negative correlation was found between NDVI and
annual precipitation in the Wutai Mountain area, and the average
annual temperature and NDVI were related positively. This is be-
cause the Wutai Mountain area has large precipitation, so water is
not a major limiting factor for vegetation growth. However, due to
the high altitude and low temperatures, vegetation growth is more
sensitive to temperature changes (Dai, et al., 2005). A significantly
negative correlation between NDVI and annual rainfall was found
in the southern Taihang Mountains region. As seen in Fig. 1 and 2,
abundant precipitation falls in the region, with a significant increas-
ing trend. As the environment is humid, NDVI and precipitation were
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Fig. 2 The change rate of the climatic factors and NDVI in the Hai Basin
(a) The rate of annual precipitation change; (b) The rate of average temperature change; (c) The rate of annual NDVI change
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correlated negatively. The piedmont plain of the Taithang Mountain
and irrigated areas of the southeast basin are the most important
agricultural areas of the Hai Basin. With a high irrigation protection
rate, crop production levels appeared to increase steadily (Li, et
al., 2008), and therefore, the NDVI annual variation had little to do
with precipitation.

Generally speaking, the spatial pattern of correlation between
NDVI and temperature shows an opposite trend with NDVI and
precipitation (Fig. 3(b)). Areas where NDVI and temperature are
related positively are located in the Wutai Mountain and the Luan
River upper reaches grassland areas, as well as the eastern coastal
areas of Qinhuangdao and Tangshan cities. The average annual
temperature of the mountain areas is lower, where temperature
promotes vegetation growth. In the coastal areas such as Tangshan
and Qinhuangdao that are dominated by rice crops, rising tem-
perature is also beneficial to the growth of the rice. In the northern
end of Yanshan and the southern end of the Taihang Mountains
areas, the vegetation relies mainly on rain. Higher temperatures
could increase evaporation of land surface water and affect veg-
etation growth; therefore, a significant negative correlation was

found between NDVI and air temperature. A significant negative
correlation between NDVI and temperature also was found from
the Yellow River irrigation area in northwest Shandong Province
to the Hengshui area, Hebei Province. This may be related to the
improvement of conditions for agricultural production from 1981
to 2000 (including irrigation, salinity control, and breed improve-
ment), so that NDVI increased significantly. However, no signifi-
cant temperature rise occurred over the same period (Fig. 2). In
the Nandagang Wetland areas and in eastern Cangzhou of Hebei
Province, higher temperatures accelerate the surface soil moisture
evaporation and influence vegetation growth; therefore, NDVI and
the annual average temperature in the region showed a significant

negative correlation.

3.3 Samples analysis

In order to better explain the responses of NDVI to the climate
change spatial distribution rule in the study area, we selected seven
typical sample points, A through G, in the Hai Basin (Fig. 4) to ana-
lyze further. The climate, vegetation, elevation, and other natural
elements of the sample points are shown in Table 1.
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Fig. 3 Pixel-based spatial distribution map of the correlation between annual precipitation, annual mean temperature, and NDVI (SNC is
significant negative correlation area, SPC is significant positive correlation area)
(a) The correlation between NDVI and annual precipitation; (b) The correlation between NDVI and annual mean temperature

Table 1 Climate, vegetation, DEM, and other elements’ situations of the sample points, 1981—2000

Sampling point A B C D E F G
Location Duolun Luanping Huanghua Wutatlaill\q/lo un Luancheng Zaoqiang Yuntat;izfloun—
NDVI associated with annual precipitation 0.14 0.44 0.41 -0.3 -0.23 0.01 —0.48
NDVI associated with average annual temperature 0.46 -0.13 -0.42 0.5 -0.21 -0.62 0.08
Terrain Grassland Mountains Plain Mountains Plain Plain Mountains
Underlying conditions Meadow Forest Alkaline land Forest Irrigated land ~ Irrigated land Forest
Elevation(m) 1258 726 13 1145 53 27 175
Annual precipitation(mm) 400.8 500.7 526.1 584.6 508.7 503.7 569.9
Average annual temperature(C ) 35 8.1 12.7 1.2 133 132 13.4
Average NDVI 0.28 0.37 0.23 0.40 0.43 0.30 0.41
The rate of annual precipitation change(mm/a) 3.29 3.42 1.45 -4.87 1.09 0.09 2.97
The rate of average annual temperature change('C /a) 0.085* 0.05 0.07 0.22 0.08%* 0.05* 0.06
The rate of NDVI change(NDVI/a) —0.017%* 0.045* 0.049 0.030 0.024 0.067 0.012
Aridity index 29.7 27.7 23.2 52.2 21.8 21.7 24.3

* Significance level P <0.05
** Significance level P <0.01
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The aridity index was calculated using a simple method pro-
posed by de Martonne (1926), using temperature and precipitation
as the two climate factors (Meng, et al., 2004):

p
=L (1)

t+10
where I, is De Martonne’s aridity index; p is the average precipi-

dM

tation (mm), and ¢ is average temperature (‘C). An aridity index
is less than 10 mean severe drought, flow-break, and artificial ir-
rigation. An index between 10 and 30 indicates moderate drought
and flow, transient flow for the river, and the areas are covered
with prairie. When the index is larger than 30, it indicates that the
weather will be warm and wet in this area, and the river will have
enough water all year round, and the area covered by forest. I, in
its simple calculation and with clear indicators and strong cor-
respondence to vegetation moisture, commonly was used in large-
scale climate division.

The sample point A is located in the upper reaches of the Lu-
anhe River; it is high altitude, low annual precipitation, and low
temperature, and most vegetation is alpine meadows throughout the
region. When analyzed by combining the aridity index and point
A in Fig. 5, point A is found to locate in a cold and wet climate,
where vegetation is not sensitive to precipitation changes. How-
ever, a significant positive correlation was found between NDVI
and temperature changes. With the natural forest underlying the
Yanshan Mountain of point B, the environment is drier than at point
A. Precipitation was conducive to vegetation growth (point B in
Fig. 5). Point C is located in Huanghua, Hebei Province. The saline
environment has a serious impact on crop growth. In addition, the
climate is dry, and groundwater cannot be used for irrigation, so
vegetation significantly was positively correlated with precipitation
and negatively with temperature (point C in Fig. 5). In the forest
underlying the Taihang Mountains, points D and G are precipita-
tion-rich and moist. The average temperature of point D was low.
The vegetation index changed significantly with the average annual
temperature (point D in Fig. 5). Because of the rich precipitation
and high temperatures, the vegetation in point G was not sensitive
to temperature changes, while excessive precipitation was not good
for the vegetation growth in the wet conditions (point D in Fig. 5
and point G in Fig. 5). In points E and F, as the main food produc-
tion area with dry climate (Table 1), a decline in precipitation or in-
creased temperatures will lead to serious drought and reduction
of food production. Points E and F are both irrigated land. However,
because of the deep water table and sandy loam, surface soil water
loss quickly in point F, Therefore, crops was negatively correlated
to the temperature change in point F. And E points is located in
the agricultural irrigation area, the crop is not response to climate
change (point E in Fig. 5 and point F in Fig. 5).

As related in this study, in the cold, wet areas of the Hai Basin,
such as the upstream grasslands of the Luanhe River and the area
of the Wutai Mountains, the vegetation index was not sensitive to
precipitation, while it was correlated positively with air tempera-
ture. In the warm, wet climate areas, such as the south end of the
Taihang Mountains, precipitation affected vegetation growth when
it increased. In dry conditions, such as the eastern coastal plain and
the northern Yanshan Mountains of the Hai Basin, NDVI signifi-
cantly was correlated positively with precipitation and negatively
with air temperature. In the irrigated agriculture areas of the pied-

mont plain, crop growth was not sensitive to climate changes.

4 CONCLUSIONS

From 1981 to 2000, the annual precipitation increased in the
northern and southern areas of the Hai Basin while it declined in the
central areas, with a range of —80 to 80 mm/10 a. As basin-wide
temperatures increased, the Wutai Mountains area had the most sig-
nificant increase, up to about 2 ‘C per 10a. The NDVI reduced sig-
nificantly in Beijing and Tianjin and around other large cities, with
a change rate of approximately —0.8 NDVI /10 a, while it increased
in the southeastern part of the Hai Basin plain and that Yanshan
Mountains, at a rate of approximately 0.8 NDVI /10 a.

The correlation between NDVI, precipitation, and air tempera-
ture showed significant spatial variations. The NDVI was corre-
lated negatively with precipitation in the south end of the Taihang
Mountains and positively in the eastern coastal plain and northern
Yanshan Mountains. Meanwhile, NDVI was correlated positively
and significantly with temperatures in the area of the Wutai Moun-
tains, the grassland in the Luanhe River upstream, and the eastern
coastal areas such as Tangshan and Qinhuangdao. Conversely, a
negative relationship between NDVI and temperature was found
in Nandagang, in Cangzhou, in parts of the Yanshan Mountains,
northwest of Shandong, and in Hengshui in Hebei. In addition, no
clear correlation was noted between NDVI and climate factors in
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SNC between NDVI and average annual temperature [l SPC between NDVI and

SPC between NDVI and annual precipitation annual precipitation
I SPC between NDVI and annual precipitation I SNC between NDVI
and average annual
SNC between NDVI and average annual temperature temperature

Fig. 4 Location of the sample points
(SNC is significant negative correlation area, SPC is significant positive
correlation area, and NSC is the weak correlation areas)



406

Journal of Remote Sensing

AR 2011, 15(2)

600
036 I A
0.30
400
0.24
— . : :
0.42 | 600
0.36
1400
0.30 4 ,
1800
0.30
0.24 1600
0.18 1400
D
1800
0.42 4
] 600
0.36 1400
T T T T T T T T 800
E
0.48
1600
0.42
1400
0436 1 T T T T T T T T
0.36 F
600
0.30
0.24 400
0.18 .
0.48 G 800
0.42 600
0.36 200
0.30
1980 1985 1990 1995 2000

0.36 |

*
A 14
0.30
{2
0.24
B
0.42 9
0.36
0.30 — 6
C-*
0.30 14
0.24
0.18 12
D* ’
0.42 4
0.36 0
E
15
0.48
0.42
12
0.36
0.36 1 F*
] 14
0.30
0.24 1
: 12
0.18 .
0.48 - G
1 14
0.42 1
0.36 1
0.30 1
T T T T T 12
1980 1985 1990 1995 2000

—e— NDVI —o0— P/mm

—@—NDVI —O— Ta/C

Fig. 5 NDVI of the sample points and the change trend of the climatic factors in Hai Basin
(* Significant positive correlation, -* Significant negative correlation, N = 20, P <0.05)

some areas of this basin, such as the negative relationship of NDVI
and precipitation in the southern end of the Taihang Mountains,
which needs further research.
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K4#iE: NDVI, Sfegsfk, <R, BEK, s
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Tk b LIk, Bl 2ERE B A BB )2
FIH, KiECOFRMEIMHART, FHTAM
ETb. HEETS YA — R AN EHIAE (Solomon 4%,
2007) o AR, AFETE SIS R A SRR EAR A K&
HXTAERRGEM W, B2z 2] 2 i (EE
M AE, 2007 ) o HURAH PR R AR S RGN K,
XA R AEASTIREIE T . ERIRT AL
GHATRMEH. [N . Koy, H A
JE5R Ay 5 S M SR ARG ARk, S ITHE MR X Sk A 4
WA AR RGNS, i, YRS
SARBERCRMATHFIT, X T UGR XA =%
SR AR e o ELAT EE R

KFEHE: 2010-03-01; f&iTHHA: 2010-08-01

DA B AF 90 TE S 42 R R R B3 X 3 R A 72 Ak
RGN F UK R (Melillo 58, 1993;
Keeling %, 1996; Field %%, 1998; Nemani 55,
2003; Weltzin %, 2003) , 7EMHEF PR AIRE
IR FEMA A A8 R GRS H A i R (X
FEfe 45, 2001) o MiEESEEEHTERFHNDVI
(H—ARAE R 5 ) 2 B W X el 4= R AR 1 A=
BREM T HIERZ —, & WA B A KR
o B AR R I CIRSER 48, 2005; BAgeRT,
2004 ) o PRFCAERT RV FIZS 0] B st Sl
HEAARGRST . MR . AP it FIAE 7 55
JEESBOAARIFANMOC R, sz THa
SRR S AU C R TE . AR, fETPEA K
ND VUL e A OCHE R B g b, AN Ay

E&WmE.: PEFEECFHTE (45 KZCX1-YW-08-03-07, KZCX2-YW-448) ; /KFFBAZEHH (45 200801012) ; EFRRHL A#E

HIH (4% 2008BADISBI2) .
E—EEE N BARE (1983—
BIEEE: WER, E-mailyjshen@sjziam.ac.cn.

), B, BERERAE, BRI RSB S GIS, E-mail:cfjgis@126.com.
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10%; IR AZEIGZhoREN, RIRAEPLKABIE N M
W, SFIRIXAESAARAEY A, AUl i J S0
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®1 BHERSE. HHE. DEMEZRRRL
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