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Taking MODIS NDVI as the main data sources, combing with precipitation and
temperature, using trend analysis and correlation analysis methods to study the
vegetation cover changes and its influencing factors in Ordos during 2000 to
2013. The results showed that, the average annual growing season NDVI has a
significant increasing trend in Ordos over the past 14 years, the relative change
rate was up to 28.40% and there was 61.1% of the total area NDVI significantly
increased. At the inter-annual scale, the rainfall controls the growth of vegeta-
tion in Ordos and the NDVI and precipitation has markedly positive correlated
(R?=0.64, P<0.05), while has a weak positive correlation to the temperature.
During the 2000-2013, the increase of residual NDVI was larger than that of de-
creasing area, which indicated that vegetation construction was stronger than the
destruction in Ordos in recent years due to human activity.

Keywords: Vegetation covers change; Correlation analysis; Climatic factors;
Human activities; Ordos.

1. Introduction

Vegetation is the natural link between soil, water and environment, and
acts as an «indicator» in the global change [1], so the vegetation change can
be a sensitive index of climate and human factors to the environment. Moni-
toring the dynamic changes of vegetation and its relationship with climate
change and human activities has important practical value to determine the
reasonable methods with vegetation protection and management.

Ordos is a typical ecological fragile area of China, located in the upper
reaches of the Yellow River region with serious soil erosion and a main sand
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source of Northwest and North China, along with arid conditions and long-
term unreasonable land use have restrict the sustainable development of the
local economy and society [2]. And there has a large area of sandy land, i.e.
the southeast Maowusu Desert and northwestern Kubugi Desert, about 43000
square kilometers, and occupied the 48% of total area [3]. In recent decades,
climate change, over grazing, and mining activities led to the decline in the
rate of vegetation cover in Ordos, expansion of sandy land, and then it became
one of the most serious desertification in China [4]. In order to curb the fur-
ther development of desertification, the implementation of large-scale ecolog-
ical engineering construction in Ordos, including banning grazing, rotation
grazing, ecological migrants, returning farmland to forest (grass) and other
measures to increase surface coverage, so as to improve the regional ecologi-
cal environment [2], and has achieved obvious benefits since the policy im-
plementation [5]. In recent years, many scholars have studied the related char-
acteristics of vegetation in different time scales Ordos NDVI and the variation
of temperature and precipitation, and made a series of research results in the
classification of vegetation, vegetation change monitoring, relationship be-
tween vegetation and climate [6, 7]. However, the relationship between vege-
tation changes and human activity reports are rare to see, and the use of resid-
ual method to quantify human impact on vegetation NDVI changes in the lit-
erature is even more rare [8, 9], and the existing literature does not have a sys-
tematic description of the change trend and speed of the NDVI residual, be-
cause of human activities become more and more frequent, with a comprehen-
sive and systematic description of the two major climatic factors under the
influence of temperature and precipitation, the residual analysis is of great
significance to regional research.

The previous literatures have used the NOAA NDVI data to study the
vegetation changes, which has the deficiency of low spatial resolution. With
the launch of Terra satellite, which equipped with the Moderate Resolution
Imaging Spectroradiometer has solved the problem of resolution very well
[10], and also improved on chlorophyll sensitivity and reduced by narrow
band effect of atmospheric water vapor in the red band and near infrared band,
improve the monitoring capacity of vegetation index. Therefore, this paper is
based on the MODIS NDVI data and meteorological data, using regression
analysis, correlation analysis and residual analysis to study the Ordos vegeta-
tion covers change and its relationship with climate change and human activi-
ty, understand the spatial and temporal change trend of vegetation in Ordos,
explore the driving factors of vegetation cover changes, so as to provide a the-
oretical basis for the rational organization of the orderly human activities.

2. Data and methods

2.1. Study area

Ordos is located in the southwest of the Inner Mongolia
(106°42'40" —111°27"20"E, 37°35'24" — 40°51'40"N), with a total area of
86752 kmz?, its west, north, East three adjacent to the Yellow River, next to the
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Loess Plateau in the South, bordering Shaanxi Province, Shanxi province and
the Ningxia Hui Autonomous Region (Figure 1). Temperate semiarid to arid
continental climate, the annual sunshine duration was 2716-3194h, the annual
evaporation in 2000-3000 mm, the annual average temperature of 5-8 de-
grees, more than 10 DEG C for the accumulated temperature of 2600-3200
DEG C [11]. The annual precipitation is 160-400 mm, influenced by the
Ocean monsoon, the annual precipitation decreased gradually from east to
west, from the east to the west of the dry climate gradually increased. Altitude
range between 794 to 1777 m, the west is higher than the east. The zonal dis-
tribution of vegetation is obvious, affected by climate change and human ac-
tivities, temperate grassland in the East, temperate deciduous scrub in the
southeast, desert grassland in the southwest, desert in the north, irrigated farm-
land in the Yellow River, and desert in the northwest.
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Fig. 1. The geographical location of Ordos and the distribution
of meteorological stations

2.2. Data
In this paper, take the MOD13A3 (https://ladsweb.nascom.nasa.gov/data)

as the NDVI data source to analyze the vegetation change in Ordos. Due to the
vegetation in the Ordos region was almost stopped growing or covered with
snow in winter, this paper studies the time period of 4-10 months of the grow-
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ing season, the time series for 2000-2013 years. The original MODIS products
is the use of hierarchical data format and sinusoidal projection, so we first
need to use MRT software covert the HDF file into WGS-1984 latitude coor-
dinate system with GeoTiff file format, and then preprocess the data such as
project transformation and extract by study area.

Meteorological data were downloaded from China Meteorological Data
Service Sharing network, including the monthly average temperature and
monthly precipitation data of 10 stations in the Ordos Basin (Fig. 1). Then we
used GIS kriging interpolation to get the raster image of temperature and pre-
cipitation. The average growing season temperature was obtained by weighted
average temperature of each month in the growing season, and the growing
season precipitation data were the total of each month in the growing season.

2.3. Method

2.3.1 Linear Regression Analysis

In this paper, the linear regression method was used to analyze the tem-
poral trends of vegetation dynamics for each pixel, the calculating formula is
described as follows (Equation 1):

y =a+bx 1)

Where y is the NDVI value of each year from 2000 to 2013, x is the year
from 2000 to 2013, a is the intercept and b is the slope of annual NDVI, which
is calculated by the least square method (Equation 2):

nx>ixNDVI, - 37i3 NDVI,

Slope = i=1 i=L =1

nxgiz_(iqz

i=1

)

Where n is the number of years (equal to 14 in this study), denotes the
year (=1, 2, 3,..., 32), NDVI; represents the annual mean NDVI value in the i
th year. When Slope>i 0 means an increasing trend in NDVI and vice versa
[12, 13]. The spatiotemporal variations of the climate factors are also derived
from the algorithm above.

2.3.2 Relative Changing Rate

Using the Relative Change Rate (RCR) [14] to show the variation charac-
teristics of vegetation in different counties (increase or decrease), the calcula-
tion formula is as follows:

RCR= (Slope / Mean) xNx100% 3)

Where, the slope is derived from the equation 2; Mean is average of
NDVI during 2000-2013; N is year, and in this paper it is equal 14.
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2.3.3 Correlation Analysis

To assess the effects of climate variables on vegetation dynamics, the
Pearson correlation coefficients (Equation 4) are calculated for the growing
season NDVI, temperature and precipitation on a per pixel basis [15]. If the
correlation coefficient is larger than 0, the two variables are positive correlat-
ed, and the two variables are consistent with the tendency of increasing or de-
creasing. However, if the correlation coefficient is less than 0, it indicates that
the negative correlation between the two variables and the changing tendency
are at the reverse direction.

> [ox -3y, - 9)]

r —

\/i(xi DNk

(4)

Where ryy is the correlation coefficient between two variables x and v,
whose value is ranges from -1 to 1, the larger absolute value indicates the
stronger correlation; i is the order of year from 1 to 32 in the study period; n
for the period of time, namely 14 years in this study. x; is the growing season
NDVI of i th year; yi is the growing season temperature or precipitation of i th
year; x and y are the mean NDVI, mean temperature or mean precipitation in
the growing season from 2000 to 2013.

2.3.4 Residual Analysis

By establishing the regression model between NDVI and air temperature
and precipitation, to predict the NDVI value based on existing temperature
and precipitation. And then subtract the predicted NDVI value from the re-
mote sensing NDVI value to get the residual value. This is the quantitative
results of effect of human activities on vegetation [16].

3. Results

3.1 Characteristics of climatic variation in Ordos

Figure 2 shows the time variation curves of precipitation and temperature
in vegetation growing season. It can be seen from the figure that the precipita-
tion has an increasing tendency with a rate of 3.43 mm /a and the minimum
and maximum values occurred in 2005 and 2012, the relative changing rate
was 17.9%. The annual mean growing season temperature has a slight upward
trend, the lowest value and the highest value reach in 2010 and 2012, with a
3.6 °C difference. In general, during the study period the annual growing sea-
son precipitation and temperature increased, and the increasing rate of precipi-
tation is greater than that of temperature, which showed that there is no obvi-
ous tendency of drought in the climate and this phenomenon will be beneficial
to the growth of vegetation.
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Fig. 2. Temporal variation characteristics of precipitation and temperature
in growing season during 2000 to 2013

3.2 Characteristics of temporal and spatial variation of NDVI in
Ordos

In order to analyze the change of NDVI in the Ordos region, the average
value of 14a in the growing season NDVI was obtained and the time series of
annual average growing season NDVI was illustrated in Figure 3.1t can be
seen from the figure that, the average growing season NDVI value has a sig-
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nificant upward trend (R?=0.587, P<0.05) with a rate of 0.004/a. The NDVI
value increased from 0.162 in 2000 to 0.229 in 2013; the minimum value ap-
peared in 2001, while the maximum value appeared in 2012; the average
NDVI value was 0.197 and relative changing rate was 28.40%. From the sta-
tistical data of each county of vegetation changes (Table 1), we can see that
the vegetation NDVI of each county has increased with different degree.
Among them, the Ejin Horo’s NDVI value was largest, followed by Jungar
and higher than the region’s average NDVI value and Hangjin’s was the min-
imum. The linear change trend slope showed that in addition to Hangjin and
Otog, other counties’ NDVI slope were larger than the region’s slope, and the
change trend of Hangjin was largest and reached 0.0074/a. Has the character-
istic of relative change rate was maximum in Jungar and minimum in Hangjin,
up to 41.17% and 22.98%, respectively. In general, the vegetation growth was
the best in Jungar and the worst in Hangjin over the past 14 years.
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Fig. 3. Temporal variation trend of annual mean growing season NDVI in Ordos
during 2000 to 2013

The spatial distribution of NDVI in Ordos was shown in Figure 4a, the
NDVI value distributed between 0-0.4, mainly in 0.1-0.2, accounting for
48.6% of the total area, specifically distributed in most areas of Hangjin, Otog
and Wushengi; Followed by NDVI value in 0.2-0.3, accounting for 42.7%, the
pixel distributed in Jungar, Ejin Horo, Dongsheng and Otog Front Banner; The
pixel value less than 0.1 were in northern of Hangjin, where the big area dis-
tributes Kubuqi desert; larger than value 0.3 occurred in northern tip of Dalad,
accounted for only 3.6% of total area. On the space, there are only 4.9% area
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decreased and other regions have increased, in which significantly increased
area accounted or 61.1%, mainly in the eastern part of study area (Figure 4b).
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Table 1
The average of annual growing season NDVI,
slope and the relative change rate of NDVI in Ordos

Counties Mean NDVI Slope RCR
Dalad 0.229 0.0041 25.10
Dongsheng 0.240 0.0047 27.39
Otog 0.176 0.0035 27.90
Otog Front

Banner 0.198 0.0041 29.04
Hangjin 0.152 0.0025 22.98
Wushen 0.206 0.0042 28.53
Ejin Horo 0.256 0.0053 28.99
Jungar 0.252 0.0074 41.17
Whole area 0.197 0.0040 28.40

3.3 Analysis of vegetation influencing factors in Ordos

3.3.1 Correlation between NDVI and climatic factors

It can be seen from the figure 2 and figure 3 that NDVI coupling relation-
ship with precipitation and temperature, and reached the peak in 2012, respec-
tively. Through Pearson correlation analysis, we found that NDVI has strong
positive correlation with precipitation (R2=0.64, P<0.05), and has a weak pos-
itive correlation with temperature (R2=0.07). Which indicate that the vegeta-
tion growth in Ordos was mainly controlled by precipitation at the annual
scale, the response of vegetation growth to precipitation was more sensitive
than that of temperature. Spatial correlation analysis showed that (Figure 5),
the positively correlated area between NDV1 and precipitation (96.1%) was far
greater than the negative correlation area (3.9%), where the significantly posi-
tive correlated area was 38.6%, mainly distributed in northern part of Hangjin,
Otog, western of Otog Front Banner, Dongsheng, southern of Dalad and Jun-
gar (Figure 5a). The correlation between NDVI and temperature also has the
same phenomenon that the positive correlated area was larger than the nega-
tive correlated area, accounted for 63.4% and 36.6%, respectively; and the
negative correlation area were occurred in southern of Jungar, Ejin Horo,
northeast of Wushengi and east of Otog (Figure 5b).
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Fig. 5. Significance test results for correlation coefficient between NDVI and
precipitation (a) and temperature (b) of each pixel in Ordos
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3.3.2 Analysis of the relationship between the vegetation cover and hu-
man activity in Ordos

Climate change is an important factor that causes the change of vegeta-
tion cover in Ordos, but human activity is also a driving factor that cannot be
ignored. The identification of human activity in the process of vegetation cov-
er change can be realized by means of NDVI residual analysis, and quantify it.
Through the regression analysis of NDVI, temperature and precipitation, we
can establish a regression model of NDVI, temperature and precipitation. Set
the temperature and precipitation as explanatory variables, the model can pre-
dict NDVI value by using temperature and precipitation data at each pixel, and
then subtract the predicted NDVI value from the remote sensing observation
NDVI [16] to obtain the residual NDVI value year by year. Then the NDVI
residual series is calculated by using linear regression method. Then we can
get the spatial distribution map of the variation trend of NDVI residual in Or-
dos, as illustrated in Figure 6.

In recent 14 years, the change of annual average temperature and annual
precipitation trend in Ordos were not significant, therefore, the spatial distri-
bution maps of change trend in residual NDVI and NDVI are generally con-
sistent. We can see from the figure 6 that the area of increasing was larger
than the decreasing in residual NDVI, which indicate that vegetation restora-
tion was more than its destruction in Ordos over the past 14 years. The signifi-
cantly increased of residual NDVI accounted for 61.5% of the total area and
mainly in the typical grassland and shrub grassland area, indicating that the
growth of vegetation in these areas is not only affected by climate, but also
affected by human activities. Some of the relevant literatures indicate that
human activities are frequent in the southeastern part of Ordos. In 2000, Dalad
and Jungar have been included in the national first batch of pilot counties of
returning farmland to forest, then carry out a series of measures and have sig-
nificance effect on afforestation and return farmland to forest, played a posi-
tive role on recovery of grassland ecological [17-20].

The significantly decrease of residual NDVI trend accounted for 0.4% in
Ordos, mainly in the northern part of study area, little in Dongsheng and Ejin
Horo. It shows that the vegetation growth in these areas is lagging behind the
vegetation growth status of predicted by climate. And this situation is caused
by a variety of factors, such as sand storms, wind and other extreme weather
events’ impact on vegetation cover change; there is also has a hypothesis that
human activities lead to land degradation, such as excessive grazing resulting
in the deterioration of the ecological environment of grassland, land desertifi-
cation and so on, led to the reduction in vegetation NDVI.
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Fig. 6 Significance test results for linear trend of NDVI residual
in Ordos during 2000-2013

3.3.3 Other influencing factors analysis

For a region, human activities, which make an impact on ecological envi-
ronment with mutuality, continuity, bi-directional and proactivity, have com-
plexity and uncertainty [21]. Differences of human activities are consequent
on the main nature factors and differences between active mode, size and
strength also. In order to prevent the emergence of negative outcomes, howev-
er, people may take some necessary measures to improve the environment,
such as controlling the number of livestock, increased resource utilization,
implementing ecological engineering. Due to the limitations of data acquisi-
tion, this paper discusses the grazing intensity and policy effecting on vegeta-
tion cover based on the existing information.

Livestock pressure is an important indicator represented the grazing in-
tensity. Grazing capacity in a certain area is limited, and if grazing livestock
once more than this limit there will result in different intensity of bare surface
[22]. Using livestock number (large animals and sheep combined) represent
the livestock pressure in this paper. The larger the livestock pressure is, the
larger grazing intensity and risk of vegetation deterioration will become. As
shown in Figure 7b the number of livestock shown an extremely significant
upward trend (p<0.001) in Ordos during 2000-2013, from 550.09 million head
in 2000 to 917.17 million head in 2013. At this period, NDVI has presented a
fluctuating increasing trend. It was indicated, to some extent, that increasing
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of livestock pressure has not posed bad effects on vegetation cover. For this
phenomenon, firstly, a possible reason was that the Inner Mongolia govern-
ment carried out ecological construction and environmental protection in Or-
dos city from 2000. These measures achieved good results that afforested are-
as gradually increased (Figure 7a) resulting the upwards of NDVI [23].
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Fig. 7. Changes of cumulative afforested area and number of livestock
in Ordos during 2000 to 2013

Secondly, the Inner Mongolia government had changed the way of graz-
ing and implemented rest grazing, rotation grazing and prohibiting grazing
project (three-grazing project). Also, the government introduced the strategy
of feed-animal balance, based on self-healing capacity of the ecosystem to
promote natural recovery of vegetation. The strategy is the inherent require-
ment of sustainable development in grassland animal husbandry, which is
beneficial to protect the grass at returning green stage and grassland protection
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and restoration. At returning green stage, grassland is carrying out the policy
of «rest grazing in spring», rest in 45 to 60 days; rotational grazing is carrying
out in area of better grassland vegetation; and, the key is carrying out the sur-
rounding prohibiting grazing in area where is eco-environmental fragility and
distributed of grassland degradation and desertification, leading people and
livestock to move so as to restore the grassland vegetation [24]. Therefore,
further study will take into account that how much area will implement the
three-grazing project in each county, and carry out field survey to further get-
ting variations and driving factors of vegetation restoration in Ordos. It can
provide the efficient data support for government working.

4. Conclusions and discussions

This paper constructed the annual NDVI sequences of Ordos covering
2000-2013 using the per-pixel linear regression model based on AVHRR da-
taset. The data were comprehensively used in the analyses of the spatial-
temporal change trend of NDVI and correlation between NDVI and climatic
factors. And we come to conclusions as follows:

The annual growing season NDVI has significantly increased in Ordos
during 2000-2013 and the relative change rate was 28.40%; and there are
95.1% area is increased at the space and among them the significantly in-
creased area was 61.1%, mainly distributed in eastern of Ordos. Each county
have different rate of increase in NDVI, of which Jungar was maximum and
Hangjin was minimum.

The NDVI was significantly positively correlated with precipitation
(R?=0.64, P<0.05), while slightly correlated with temperature. Which indi-
cate that the precipitation is the main climate factor to determine the growth of
vegetation in Ordos.

The area of increasing in residual NDVI was larger than the decreasing
area over the past 14 years. This indicated that the positive effect of human
activities on vegetation is greater than its destruction. Also shows that the rel-
evant government policies have a good effect on vegetation restoration.

Because of the limitation of MODIS data lead to the climate factors had
no significant change in a short study period, the residual NDVI and remote
sensing NDVI have similar change trend in the space, but the residual analysis
can accurately quantify the impact of human activity on vegetation NDVI,
which will play a guiding role on the effect of human activity on region under
the different climate background. The vegetation cover change is not only
closely related to climate, but also have strong relation with human activity, it
can be said that the vegetation cover change is the joint product of climate and
human activities. According to the residual NDVI analysis, the ecological
condition of Ordos is in the stage of «overall containment and partial im-
provement», provide a theoretical basis for construction of ecological envi-
ronment and agricultural management.
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J1s u3ydeHus U3MEHEHUH PacTUTEIBHOTO MOKPOBA M BIHSAIOMINX HA HEro (ak-
TopoB B Opaoce B mepuos ¢ 2000 mo 2013 r. B kauecTBe OCHOBHOTO UCTOYHUKA
JAaHHBIX MBI HCIOJIb30BAJIM HOPMAaJM30BaHHBIH OTHOCHUTENBHBINH HMHICKC PacTH-
teabHocTd (NVDI), nonydennsiit nucranunoHusiM 30H10M MODIS, B couera-
HUHU C METOJaMH KOPPENSLHUOHHOTO aHalM3a OCaJKOB U TemIepaTypbl. Pe3yib-
TaThl MOKa3anu, yto B Oppoce HaOJIOJAETCsl 3HAYUTENbHBIA POCT CPEJHET0/10-
BbIX TemnoB pocta NVDI 3a mocnennue 14 net, OTHOCUTENbHBIA KO3 PUIIESHT
u3MeHeHu# Bo3poc 1o 28,40%, uro 61,1% obmero mokaszatens NVDI. B mex-
roJJ0BOM MacuiTabe oCajKy BIHMSIOT HAa POCT pacTUTENBLHOr0 NokpoBa B OpJoce,
NDVI uMeeT BBIpaXeHHYIO TOJOKUTEIbHYIO KOppensmuio ¢ ocaakamu (R? =
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0,64, P <0,05), B TO BpeMs Kak ¢ TeMIlepaTypoil HabmromaeTcs ciadast Moa0XKu-
TenpHas Koppemsnui. B teuenme 2000-2013 rT. yBEenmWUeHHWE OCTATOYHOTO
NDVI cBuzperenbcTBOBaNO, YTO YCHIHS IO O3eleHEHHI0 B Opaoce MUHUMH3H-
poBaiin yuiep0 oT pa3pyliaroueil AesiTeIbHOCTH YeJI0BeKa.
KiroueBbie cjioBa: HM3MEHEHHE DPACTHTEIbHOCTH; KOPPEJSIMOHHBIA aHaH3;
KJIMMaTH4ecKue (haKTopbl; AesITeIbHOCTD YesnoBeka; Opaoc.
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