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Abstract As the main content of terrestrial ecosystem study, vegetation coverage change has gained extensive attention in the process of global
climate change and sustainable development recently. Based on MODIS NDVI data from June to October during 2000 —2010, taking Longnan
City as a case area, this paper develops the calculation method of vegetation coverage (VC) by using Pixel Dichotomy model and analyzes the

spatial-temporal variation of vegetation coverage in the West Qinling region by using simple linear regression and standard deviation method.

The results show that vegetation coverage remains stable and is significantly correlated with temperature and precipitation during the decade.

The vegetation coverage of 90% of study area shows stability with small annual variation and also is consistent with the spatial distribution of

forest land; the vegetation coverage in the remaining study areas shows a growing trend with significant variation and also is consistent with the

spatial distribution of farmland and grassland, especially in Huicheng Basin, Xili Basin and adret slope of Bailongjiang River Valley, indicating

that Project about the Conversion of Degraded Farmland into Forest has made a great contribution to vegetation coverage increase. This paper

proves the effect of ecology construction in the West Qinling region since the late 20th century. All the findings also provide references for local

ecological environment construction and sustainable development.

Key words

1 Introduction

Vegetation coverage, vegetation activity and its evolution have
long been the main content of the earth’s terrestrial ecosystems re-
search. In recent years, by understanding the effect of atmos-
phere, land use and climate change on vegetation, the response
of vegetation to global climate change has been studied world-
wide'' ). In the area of sustainable development, through the
knowledge about the change in regional vegetation coverage and
vegetation activity, the effect of human activities on vegetation
ecosystem is analyzed™'. Over the past 20 years, different com-
binations of red bands and infrared bands concerning remote
sensing data have been used for vegetation studies, achieving

good results” /.

Among numerous vegetation indices, NDVI
(Normalized Differential Vegetation Index) is most widely used,
and there is a lot of literature on the spatial and temporal charac-
teristics of vegetation change in different areas as well as its rela-
tion to climate and human activities'’ ™*". Tt is found that NDVI
is significantly correlated with natural climatic factors (such as
rainfall and temperature) or human activities (such as urban de-
velopment and conversion of degraded farmland into for-
est) [11-14]
VI data during 2000 —2009 to study the vegetation index change

in the East Qinling region, and find that the vegetation coverage

. In the current study, Cui Xiaolin et al. use the ND-

was increasing year by year. There are also some other studies

involving some areas of the Qinling Mountains, and it is conclu-
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ded that the mountain vegetation in Longnan City is increas-
ing[m]. This article focuses on the West Qinling region represen-
ted by Longnan City, so Longnan is chosen as the study area.
Since 1999, through a series of ecological projects, the afforesta-
tion area has reached 453300 ha, 82400 ha of farmland has been
converted into forest, and the city’s forest coverage rate has in-
creased from 38.9% to 42% . In this study, we analyze the spa-
tial and temporal characteristics of vegetation coverage change,
in order to provide the basis for verification of ecological con-
struction effectiveness since the late 20th century, and provide
the reference for local ecological construction and sustainable de-

velopment.

2  Overview of the study area

Longnan is a prefecture-level city in the southeast of Gansu prov-
ince in the People’s Republic of China. It borders Sichuan on its
south and Shaanxi on its east. The major geographic features in
Longnan are the Qinba Mountains in the east, the Loess Plateau
in the north, and the Tibetan Plateau in the west. It is part of the
Central Han basin in the east and the Sichuan basin in the south.
Longnan has a temperate,, monsoon-influenced semi-arid climate,
with cool and very dry winters and hot, moderately humid sum-
mers. Longnan City, with a total land area of 27 900 km®, has a
significant vertical climate, and the altitude ranges from 550 m to
4187 m (Fig. 1). The area with slope of more than 25° accounts
for 43% of the land area''”’.

Municipal Bureau of Land and Resources, nearly two-thirds of

According to the data of Longnan

the city’s land use types are woodland and grassland. Woodland,
grassland, farmland and garden plot, construction land, waters,

and other land types, account for 49.67% , 14.98% , 20.48% ,
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1.66% , 1.05% and 12.15% , respectively. Farmland is mainly

in the eastern Huicheng Basin and the northern Xili Basin, as
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Fig. 1 The topographic map and land use map in Longnan City

3 Data sources and research methods
3.1 Data sources The NDVI data are mainly used for vegeta-
tion coverage change analysis, and the data are from the MODIS
synthetic products of International Scientific & Technical Data
Service Platform, Computer Network Information Center, CAS.
We extract the 1 km grid monthly NDVI synthetic product based
on Terra satellite during 2000 - 2010, this product takes the
monthly maximum as the monthly actual value, and the coordi-
nate system is WGS84. Given that summer and autumn are the
seasons when the vegetation is full of activity, the NDVI value
during June — October is chosen as the background data, and in
the ARCGIS software support, the NDVI maximum during June
— October is taken as the annual investigation value of NDVI.
The auxiliary analysis data include topographic map ( ASTER
GDEM DEM data provided by International Scientific & Techni-
cal Data Service Platform, Computer Network Information Cen-
ter, CAS) and land use raster data (2000 remote sensing data
provided by CAS) ; meteorological data (from 2000 —2010 tem-
perature and precipitation data in Wudu monitoring station, pro-
vided by China Meteorological Administration ) ; statistical data
(from field research data and statistical yearbook data) .

3.2 Research methods

3.2.1 Vegetation coverage. The vegetation coverage is calcu-

8720 which is a simple and

lated using dimidiate pixel model'
practical remote sensing estimation model. The principle is to as-
sume that the surface cover of an image pixel is divided into vege-
tation part and non-vegetation part. The spectral information ob-
served by remote sensors is the weighted linear combination of the
two parts of elements, and the weight is the area proportion of the
two elements. The area proportion of vegetation element is the
weight of vegetation part in pixel. Therefore, the area proportion

of vegetation is calculated as follows ' = .

Py =(8-5,)7(S-Sui) (1)
where P, is the area proportion of vegetation in the observation

area; S is the remote sensing value of mixed pixel; S, is the re-

well as the Bailongjiang River valley in Wudu District and
Baishuijiang River valley in Wen County (Fig. 1).
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mote sensing information value of complete vegetation coverage

pixel; S, is the remote sensing information value of complete

non-vegetation coverage pixel.

With the annual NDVI value during 2000 — 2010 as remote
sensing information value, the vegetation coverage area propor-
tion estimated using remote sensing is defined as vegetation cov-
erage (VC). According to the above principle, VC is calculated
as follows:

VC = (NDVI - NDVI_,,)/(NDVI,, -~ NDVI ;) (2)
where NDVI is the actual value of pixel; NDVI,, is the remote
sensing information value of complete vegetation coverage pixel;

NDVI,

soil

is the remote sensing information value of complete non-
vegetation coverage pixel.

Due to the interaction between different ground objects, the
image will inevitably have noise, so the maximum and minimum val-
ues of image are not directly taken in actual study, and a certain
confidence interval is set to take the maximum and minimum values
of confidence interval. Under normal circumstances, if there are no
sufficient field observation sampling point data, the confidence in-
terval is usually set at 5% —95%'*'. Therefore, with 5% cumula-
tive distribution value of NDVI pixel as the minimum value of NDVI
in pixel, VC lower than this value takes 0; with 95% cumulative
distribution value of NDVI pixel as the maximum value in pixel, VC
higher than this value takes 1; other values are calculated using for-
mula (1). The final results are obtained using reclassify module
and raster calculator module of ARCGIS.

3.2.2 Simple linear regression. The simple linear regression is
mainly used to measure VC trends over time'™ ™. The VC trends of
a single pixel over time are used to simulate the spatial change in
VC of the entire area, and the slope of the regression equation is the

main parameter for VC change over time. It is calculated as follows:
Ve - ( 3i)( 3V0)
nEi - (50’

where VC,, is the slope of the equation; i, n is the annual number

Ve

(3)

slp
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of VC since 2000, a total of 11 years, i e (1, 11), n=11.

If VC,, >0, VC is on the rise, and vegetation activity inten-
sity is great; if VC,, <0, VC shows a downward trend, and the
vegetation activity intensity significantly declines.

3.2.3 Standard deviation. Standard deviation is mainly used to
measure the degree of dispersion or variation of VC pixel value in
different years. This paper also combines standard deviation with
v,
cates the degree of change in VC while the latter represents the di-

change for spatial and temporal analysis. The former indi-

rection of change. In this study, the standard deviation is calculat-
ed using cell statistics module in ARCGIS spatial analysis tool ,
and the specific results are obtained by choosing the standard devi-

ation output format of VC during 2000 —-2010.

4 Analysis of vegetation coverage change

4.1 Time-series characteristics of global vegetation coverage
change Using dimidiate pixel model, VC in Longnan City (2000
—-2010) is calculated, and the change in VC over time is ana-
lyzed. Fig. 2 shows that since 2000, Longnan’s VC trend line has
been relatively stable, and VC has fluctuated around 0. 64 and sta-
bilized in recent years.
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Fig. 2 Time-series change of VC in Longnan City

4.2 Spatial difference in vegetation coverage change
4.2.1

threshold range of natural change, so for the judgment of VC

Classification of change. The vegetation change has the

slp
trends, we first need to determine the threshold range of natural

Table 1 VC trend classification

variation. Now there are basically two methods. One is to choose
the training area with VC of 0, and observe the range of VC
change. According to the domestic scholars’ studies in the Tibetan

(271 ,[=0.2, 0.2]is the range of natural vegetation chan-

Plateau
ges. The other method is to rely on statistical analysis, such as
using Jenks’ natural breaks to determine the sample natural
breaks'**.

er, and river has linear features. There are no large lakes, unable

Longnan City is located in the upper reaches of the riv-

to meet the accuracy requirements of the training area. The urban
construction land area is small in Longnan, the greening coverage
has increased little amid urban expansion in recent years, and the
maximum area in the land use map reaches 2 km®. In this paper,
we use the first method to take the urban construction land as
training area. According to the analysis on characteristic value
about VC slope raster data of construction land in 2010 land use
data, it is found that VC is between —0.0271 and 0. 01861,
equivalent to the range determined using the first method, so this
change is as the relatively stable threshold range of VC change.
Table 1 shows that over the past decade, VC trend has been rela-
tively stable in nearly 90% of regions; VC has presented an up-
ward trend in 10% of regions (2563.23 km’); VC has presented
a downward trend in 1.33% of regions (372.08 km’). Fig. 3
shows that the regions with an increasing trend of VC are mainly
distributed in the north-central Loess Plateau landform region, and
these regions are concentrated in Huicheng Basin, Xili Basin, and
the Bailongjiang River valley adret slope area of Wudu District.
The land use type in these regions mainly includes farmland and
grassland, which to a certain extent confirms the significant contri-
bution of Project about the Conversion of Degraded Farmland into
Forest to VC increase. The regions with a downward trend of VC
include the valley area in Wen County (especially the upper rea-
ches of Baishuijiang River) , and the regions between Xihe County

and Dangchang County.

Trend Threshold range

Pixel number

Actual area//km? Area proportion // %

Stable trend -0.0271 -0.01861 69511 24964. 69 89.48
Upward trend 0.01861 -0.0846 7137 2563.23 9.19
Downward trend -0.0989 — -0.0271 1036 372.08 1.33
Table 2 Standard deviation classification of VC change

Standard deviation threshold range Raster number Area// km® Area proportion // %
0 -0.0802 37823 13584.03 48.69
0.0802 -0. 1414 29215 10492. 49 37.61
0.1414 -0.3717 10646 3823.48 13.70

4.2.2 Annual fluctuations in trend. Using Jenks’ natural breaks
method, the VC standard deviation is divided into three levels, and
the results are shown in Table 2, Fig. 4. Table 2 shows that the
maximum value of standard deviation is 0. 3717, and in the regions

with large standard deviation (0. 1414 —0.3717) , there are 10646

raster units, and the area accounts for 13. 70% ; in the regions
with small standard deviation (0 —0.0802) , the area accounts for
nearly half of the entire region, indicating that the change in VC is
not large for most areas. Fig. 4 shows that the spatial distribution
trend of standard deviation is similar to that of slope, and the re-
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gions with great standard deviation are mainly distributed in re-
gions with great change in slope, such as Huicheng Basin, Xili
Basin, and both sides of Bailongjiang River and Baishuijiang Riv-
er, and they are mainly the farmland and grassland areas.
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Fig. 4 Standard deviation distribution of VC change

4.2.3 Spatial and temporal combination analysis of trends. Ac-

cording to the classification results in Table 3, the standard devia-

Table 3 Spatial classification of VC change

tion range is further divided into two categories. The raster compu-
ting module of ARCGIS is used to conduct the slope and standard
deviation combination classification on VC change, and six catego-
ries of regions are finally obtained. If the standard deviation is
small, the interannual VC change in pixel is small, and VC is in
steady improvement, stabilization or degradation trends; if the
standard deviation is large, the interannual VC change in pixel is
large, and VC is in sharp fluctuation improvement, stabilization or
degradation trends. Table 3 shows that the study area is generally
in a stable situation of small VC change; the regions with improved
VC and big change can be regarded as the regions with significant
ecological benefits, accounting for 5.86% of the study area; only
a few regions are in the degraded state of large-scale fluctuations in
VC. Fig. 5 shows that for the regions with stable slope trend, the
regions with small standard deviation mostly show the continuous
planar distribution, while the regions with large standard deviation
mostly show sporadic dot or stripe distribution; for the regions with
a rising trend, the regions with large standard deviation mostly
show continuous planar distribution, while the regions with small

standard deviation mostly show sporadic dot distribution.

Slope and standard

iation combination type

) B Stable, sl standard deviation

¢ mm Stable, large standard deviation

B Rising, small standard deviation

= Rising, large standard deviation
Falling, small standard deviation
Falling, large standard deviation

60
km

Fig. 5 Spatial classification of VC change in Longnan City during
2000 —2010

Standard deviation

Large standard deviation(0. 1414 —-0.3717)

Small standard deviation(0 —0. 1414 )

Slope Pixel number Area//km’ Proportion// % Pixel number Area//km* Proportion// %
Stable 5401 1939.75 6.95 64110 23024.93 82.53
Rising 4556 1636.28 5.86 2581 926.96 3.32
Falling 639 247.45 0.89 347 124.62 0.45
Total 10646 3823.48 13.70 67038 24076. 52 86.30

4.3 Analysis of the factors influencing VC changeDuring 2000
—-2010, there were great interannual fluctuations in precipitation
and temperature in Longnan City. From the relationship between
VC and characteristic value change of climatic factors, it is found
that VC is significantly negatively correlated with the average tem-
perature over the same period in Longnan City, while it is signifi-
cantly positively correlated with precipitation. Temperature and
precipitation changes contribute 54.7% and 43.5% to VC change,
respectively. Numerous studies have demonstrated that VC is not

only affected by precipitation, temperature and other environmental
factors, but also affected by human activities, such as Project a-
bout the Conversion of Degraded Farmland into Forest and Natural

25=31n the above regions with improved

Forest Protection Project
VC, Huicheng Basin, Xili Basin and adret slope of Bailongjiang
River Valley in Wudu District are the regions that vigorously im-
plement Project about the Conversion of Degraded Farmland into
Forest in Longnan City, so the factors influencing VC change in

Longnan City can be summarized as climatic factor change and
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Project about the Conversion of Degraded Farmland into Forest.

5 Conclusions and discussions

(i) Since 2000, the overall VC change has been relatively stable
in Longnan City. Time series analysis shows that NDVI presents an
overall upward trend, while VC is relatively stable. VC change is
highly correlated with the average temperature and precipitation
from June to August, indicating that Longnan’s temperature and
precipitation change has a great impact on VC. (ii) The spatial
variation of VC is basically consistent with the analysis results of
time series. The VC of 90% of study area shows stability while the
VC in the remaining study areas shows a growing trend. From the
spatial change, the regions with a rising trend mostly show continu-
ous planar distribution, while the regions with a downward trend
mostly show sporadic dot distribution. From the interannual
change, for the regions with significantly rising or falling trend of
VC, there are great fluctuations in VC, and the spatial distribution
is basically consistent with farmland, grassland distribution; for
the regions with relative stable VC change, there are small fluctua-
tions in VC, and the spatial distribution is basically consistent with
woodland distribution; the regions with a rising trend of VC are
mainly in Huicheng Basin, Xili Basin and adret slope of Bail-
ongjiang River Valley, indicating that Project about the Conversion
of Degraded Farmland into Forest has made a great contribution to
VC increase. (iii) NDVI plays a significant role in revealing the
VC change in the study area, but due to significant vertical vegeta-
tion differentiation, there are great spatial and temporal differences
in vegetation with climate change. Currently, the time and space
resolution of data employed is still insufficient, which increases the
uncertainty of the study results. It needs to be supplemented in the
future in-depth study. In addition, the human activity character-
ization, and especially the explanation of reasons for VC increase
since the implementation of Project about the Conversion of De-
graded Farmland into Forest, need more detailed field researches
to further enrich the content.

References

[1] PIAO SL, FANG JY. Seasonal changes in vegetation activity in response
to climate changes in China between 1982 and 1999 [J]. Acta Geographi-
ca Sinica,2003,58(1) : 119 —=125. (iin Chinese).

[2] CRAMER WP. LEEMANS R. Assessing impacts of climate change on
vegelation using climate classification system [ M]. In: Solomon A M,
Shugart H H (eds. ), Vegetation Dynamics and Global Change. London:
Chapman and Hall, 1993 190 —-217.

[3] ZHOU GS, WANG YH. Study and prospect on global change and climate-
vegetation classification [ J]. Chinese Science Bulletin, 1999,24 (44 ) .
2587 —2593. (in Chinese).

[4] LI SS, YAN JP, WAN ]J. The spatial-temporal changes of vegetation res-
toration on Loess Plateau in Shaanxi-Gansu-Ningxia Region[ J]. Acta Geo-
graphica Sinica,2012,67(7) : 960 —970. (in Chinese).

[5] TIAN QJ, YTAN X]J. Advances in study on vegetation indices [ J]. Ad-
vances in Earth Sciences,1998,13(4) ;327 —=333. (in Chinese).

[6] JIA K, YAO YJ, WEI XQ, et al. A review on fractional vegetation cover
estimation using remote sensing [ J]. Advances in Earth Science,2013,28
(7):774 -782. (in Chinese).

[7] WEI ZF, WANG DG, ZHANG C, et al. Spatio-temporal variation of veg-
etation phenology on Loess Plateau in Shaanxi-Gansu-Ningxia Region in
recent 12 years [ J]. Rural Eco-Environment, 2014,30 (4) :423 -429.

(in Chinese).

[8] ZHANG W, ZHANG YL, WANG ZF, et al. Analysis of vegetation
change in Mt. Qomolangma Natural Reserver [ ]].
phy,2006,25(3) ;12 —21. (in Chinese).

[9] HAN XZ, LI SM, LUO JN, et al. Study on spatiotemporal change of veg-
etation in China since 20 years [ J]. Arid Zone Research,2008,25(6) :
753 =759. (in Chinese).

[10] SUN YL, GUO P, YAN XD, et al. Dynamics of vegetation cover and its

relationship with climate change and human activities in Inner Mongolia

[J]. Journal of Natural Resources,2010,25 (3): 407 —414. (in Chi-

nese) .

ZHENG YF, LIU HJ, WU RJ, et al. Correlation between NDVI and

principal climate factors in Guizhou Province [ J]. Journal of Ecology

and Rural Environment, 2009,25 (1):12 —17. (in Chinese).

XU XK, CHEN H, LEVY JK. The temporal and spatial variation of veg-

etation cover in Tibetan Plateau under the background of climate warming

and its cause analysis [ J]. Chinese Science Bulletin,2008,53(4) ;456

—462. (in Chinese).

WANG J, GUO N, CAI DH, et al. The effect evaluation of the program

of restoring grazing to grasslands in Maqu County [ J]. Acta Ecologica

Sinica, 2009,29(3) :1276 — 1284. (in Chinese).

ZHOU HJ, WANG JA, YUE YJ, et al. Research on spatial pattern of

human-induced vegetation degradation and restoration: a case study of

Shaanxi Province [ J]. Acta Ecologica Sinica,2009,29 (9) ;4847 —

4856. (in Chinese).

CUI XL, BAT HY, WANG T. Difference in NDVI with altitudinal gradi-

ent and temperature in Qinling area [ J]. Resources Science,2013,35

(3): 618 =626. (in Chinese).

[16] YANG SW, ZHANG B, ZHAO YF, et al. Spatial and temporal variation

of NDVI in the Hedong region of Gansu Province during the period of
1998 t0 2011 [J]. Arid Zone Research,2014,31(1) :74 =79. (in Chi-
nese) .

[17] CHEN X, ZHU SS, LI QQ, et al. The effect of peasant household liveli-

hood changes on ecological civilization construction in Western Qinling

Progress in Geogra-

[11

[

[12

[

[13

—

[14

[

[15

[

Area-Longnan of Gansu [J]. Journal of Mountain Research, 2014, 32
(6) :662 —670. (in Chinese).

[18] LEPRIEURC, VERSTRAETE MM, PINTY B. Evaluation of the per-
formance of various vegetation indices to retrieve vegetation cover from
AVHRR data [J]. Remote Sensing Review, 1994, (10) . 265 -284.

[19] CHEN J, CHEN YH, HE CY, et al. Sub-pixel model for vegetation
fraction estimation based on land cover classification [ J]. Journal of Re-
mote Sensing,2001,5(6) ;: 416 —422. (in Chinese).

[20] ZRIBI M, LEHE GARAT-MASCLE S, TACONET O, et al. Derivation of
wild vegetation cover density in semi-arid regions: ERS2/SAR evaluation
[J]. International Journal of Remote Sensing, 2003, (24): 1335 —1352.

[21] LIU GF, WU B, FAN WY, et al. Extraction of vegetation coverage in

desertification regions based on the Dimidiate Pixel Model-A case study

in Maowusu Sandland [ J]. Research of Soil and Water Conservation,

2007,14(2) : 268 —271. (in Chinese).

GUO FF, FAN JR, YAN D, et al. Remote sensing estimation on vegeta-

tion coverage of Changdu County based on Dimidiate Pixel Model [ J].

Soil and Water Conservation in China, 2010, (5): 65 —67. (in Chi-

nese) .

[23] LIMM, WU BF, YAN CZ, et al. Estimation of vegetation fraction in the
upper basin of Miyun Reservoir by remote sensing [ J]. Resources Sci-
ence, 2004,26(4) ;153 —=159. (in Chinese).

[24] YU BH, LV CH, LV TT, et al. Regional differentiation of vegetation
change in the Qinghai-Tibet Plateau [ J]. Progress in Geography,2009,
28(3), 391 -=397. (in Chinese).

[25] LIANG SH, CHEN J, JIN XM, et al. Regularity of vegetation coverage
changes in the Tibetan Plateau over the last 21 years [ J]. Advances in
Earth Sciences,2007,22(1): 33 —40. (in Chinese).

[26] MA MG, WANG J, WANG XM. Advance in the inter-annual variability
of vegetation and its relation to climate based on remote sensing [ J].
Journal of Remote Sensing,2006,10(3): 421 —431. (in Chinese).

(To page 90)

[22

[



90 Asian Agricultural Research

2016

4 Conclusions and discussions

Affected by season, soil, climate and other natural factors and fer-
tilization, cultivation techniques, management and other human
factors, there will be different changes in the hyperspectral infor-
mation of wheat leaf. This study focuses on the monitoring of
wheat leaf chlorophyll content under certain N treatment, and the
sample data for the same region are used to verify the model,
which enhances the credibility and adaptability of monitoring mod-
el, but there is a need to do further exploration about whether it
can be used for monitoring wheat leaf chlorophyll content in differ-
ent regions, at different growth stages for different varieties. In
this study, using the relationship between chlorophyll content and
hyperspectral features, we establish the estimation model of wheat
chlorophyll content, and conduct the precision test and comparison
to determine the best estimation model for wheat chlorophyll con-
tent in Shandong as the linear function SPAD =36.75 + 188. 168
Ry, with Ry, as variable and the cubic polynomial function
SPAD =2094. 242 R’,,° + 112 646. T44R’, > — 1. 561ETR’,,5 +
42.991 with R’ 5 as variable. The model provides a method and
reference for the estimation of wheat chlorophyll content, and has
certain guiding significance and reference value for the precise fer-
tilization and rapid, non-destructive growth monitoring of wheat.
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