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Abstract: The Chinese government adopted six ecological restoration programs to improve its natural environments. Although these
programs have proven successful in improving local environments, some studies have questioned their performance when regions suffer
from drought. Whether we should consider the effects of drought on vegetation change in assessments of the benefits of ecological res-
toration programs is unclear. Therefore, taking the Grain for Green Program (GGP) region as a study area, we estimated vegetation
growth in the region from 2000-2010 to clarify the trends in vegetation and their driving forces. Results showed that: 1) vegetation
growth increased in the GGP region during 2000-2010, with 59.4% of the area showing an increase in the Normalized Difference Vege-
tation Index (NDVI). This confirmed the benefits of the ecological restoration program. 2) Drought can affect the vegetation change
trend, but human activity plays a significant role in altering vegetation growth, and the slight downward trend in the NDVI was not con-
sistent with the severity of the drought. Positive human activity led to increased NDVI in 89.13% of areas. Of these, 22.52% suffered
drought, but positive human activity offset the damage in part. 3) Results of this research suggest that appropriate human activity can
maximize the benefits of ecological restoration programs and minimize the effects of extreme weather. We therefore recommend incor-
porating eco-risk assessment and scientific management mechanisms in the design and management of ecosystem restoration programs.
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1 Introduction

Because of the rapid development of China’s economy,
environmental problems have become increasingly se-
rious during the past three decades (Xu et al., 2006). To
address such problems as desertification, soil erosion,
and sand storms, among others, the Chinese government
has initiated six ecological restoration programs, in-
cluding the ‘Three-North Shelterbelt Project’, the
‘Natural Forest Protect Project’, and the ‘Grain for
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Green Program’ (Yin and Yin, 2010; Wu et al., 2012; Li
et al., 2015). Among these, the Grain for Green Program
(GGP) has become one of the world’s most ambitious
ecosystem restoration programs (Chen et al., 2009), and
as a result, the environment in the program’s regions has
changed significantly. Several studies have reported that
because of afforestation and reforestation programs, the
vegetation growth in China has increased since 1982
(Piao et al., 2003; Peng et al., 2011). However, vegeta-
tion growth is sensitive to climate factors (temperature
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and precipitation), and therefore, climate change influ-
ences the effectiveness of ecological restoration pro-
grams (Herrmann et al., 2005; Xu et al., 2011). Specifi-
cally, China is suffering a distinct climate change trend
in which the arid and semiarid area in northern China is
becoming warmer and wetter (Shi et al., 2007; Yao et
al., 2013). Meanwhile, southern China has experienced
severe droughts in recent decades (Chen and Sun, 2015;
Lian et al., 2015; Wang et al., 2015), yet the effects of
ecological restoration programs and climate change on
vegetation growth remain to be explored.

Further, debate continues about the effectiveness of
ecological restoration programs. On one hand, many
studies have found that such programs reduce land dete-
rioration, and increase vegetation coverage and soil
carbon storage (Feng et al., 2013; Deng et al., 2014a;
2014b). Zhang et al. (2013) pointed out that, since the
implementation of the GGP, the vegetation coverage on
the Loess Plateau has increased remarkably. Further,
because young, growing forests sequester carbon more
rapidly than older forests do, the new forests planted in
the GGP region should, theoretically, have a huge car-
bon sequestration potential (Mu et al., 2014). On the
other hand, several studies have indicated that, when
limited by climate changes such as drought, ecological
programs have not worked well in some regions (Wang
and Cao, 2011; Wu et al., 2014). Wang et al. (2010) re-
ported that, in the Three-North program region, the sur-
vival of the trees and shrubs planted has been low be-
cause of drought. Cao (2008) asserted further that affor-
estation in semiarid and arid areas could lead to a high
risk of ecosystem deterioration and wind erosion. The
main reasons for these conflicting results are the roles of
climate and human activity on vegetation change.
Whether drought or human activity decreases vegetation
growth in the regions, whether drought can affect the
outcomes of the programs significantly or not, and
whether we should consider drought when assessing the
benefits of ecological restoration programs are questions
that have no clear answers.

It is crucial to use optimal remote data to estimate the
effects of drought and human activity on vegetation
growth. The Normalized Difference Vegetation Index
(NDVI) is calculated as the difference between the red
and near infrared bands. It is sensitive to vegetation
changes, and many previous studies have demonstrated
the accuracy of these data (Fang et al., 2004; Xin et al.,

2008; Wang et al., 2011). Based on NDVI data, Wang et
al. (2015) assessed vegetation growth in hilly southern
China, while Slayback et al. (2003) and Li et al. (2011)
expanded the study area to the national and global
scales. Therefore, NDVI data have proven reliable in
estimating vegetation growth. Accordingly, this study
adopted NDVI remote data as an indicator of vegetation
changes.

In summary, based on the annual average NDVI re-
mote data and annual precipitation data, this study chose
the GGP region as the study area, and estimated the spa-
tio-temporal patterns of the vegetation and the Precipita-
tion Anomaly Index (PAI) from 2000-2010. Based on
the results of a residual analysis, we assessed the sepa-
rate effects of drought and human activity on the NDVI.
The purpose of the study overall was to investigate the
role of drought and human activity in changing vegeta-
tion growth. More specifically, by analyzing the change
trends of PAI and NDVI, and combining the assessment
of the correlation between drought, human activity and
vegetation growth, we aimed to find out: 1) if drought
decrease the vegetation growth in the GGP region; 2) if
drought offset the benefits of the GGP; and 3) if drought
should be considered while assessing the effectiveness
of ecological restoration programs. This study could
provide scientific basis for future research in planning
and implementing ecological restoration programs.

2 Materials and Methods

2.1 Study area

The Chinese government initiated the GGP in 1999,
with the objective of halting erosion, protecting biodi-
versity, and improving ecological environments by en-
couraging farmers to convert abandoned farmland and
degenerated grassland to trees and grass (Ostwald et al.,
2007). The Chinese government has invested over 430
billion yuan (RMB) in this program, which has been
implemented in 1897 counties in 25 provinces, munici-
palities, and autonomous regions located in China, the
combined areas of which include nearly 74% of China’s
land area (Fig. 1) (Uchida et al., 2005; Liu et al., 2008).
Due to the large scale of the program area, the natural
environment, hydrothermal conditions and topography
of the GGP region are quite diverse. Based on local
natural conditions, the GGP region can be divided into
10 types of areas, including the Southwest mountain
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Fig. 1 Topographical view of the Grain for Green Program re-
gion in China, based on DEM map with 90-m resolution. Data are
from http://datamirror.csdb.cn/

valley area, the Middle and lower reaches of the Yangtze
River, Yunnan-Guizhou plateau area, Loess hilly and
gully area and so on (Wang and Chen, 2006). By the end
of 2012, 9.06 and 0.64 million ha of cropland had been
converted to forest and grassland, respectively (Song et
al., 2014). The GGP’s eventual goal is to convert all of
the steep slope lands into forest and bring the most se-
vere farmland desertification under control, thereby in-
creasing China’s grassland and forest coverage by 4.5%
and improving China’s natural environments signifi-
cantly (Deng and Shangguan, 2011).

2.2 Data set

The climatic data (2000 to 2010) used in this study were
obtained from the China Meteorological Data Sharing
Service System (http://cdc.cma.gov.cn/). We estimated
the spatio-temporal patterns of annual precipitation in
the study area using data from 676 stations. The Kriging
interpolation method was used to produce the spatial
maps, the resolution of which was resampled to 1 km to
fit the NDVI data.

This study used the annual average NDVI data (2000
to 2010) from the International Scientific and Technical
Data Mirror Site, Computer Network Information Cen-
ter, Chinese Academy of Sciences (http://www.gscloud.
cn), which have a resolution of lkm. To minimize the

disturbance in the NDVI trends attributable to bare soil
and sparsely vegetated areas, we excluded all grid cells
in the average annual NDVI with a value less than 0.05
(Slayback et al., 2003; Wang et al., 2011).

2.3 Precipitation Anomaly Index (PAI)

To evaluate the drought events, the study adopted the
Precipitation Anomaly Index (PAI), which is calculated
as follows:

P-P
PAl =211 1
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where P; denotes the precipitation at time i, and Fl

denotes average precipitation, which was calculated us-
ing the data from 2000 to 2010. The PAI can reflect the
difference between the precipitation at time i/ and the
average precipitation throughout the period (Wang et al.,
2014). It is a spatio-temporal index that evaluates
drought caused by anomalous precipitation (Wang et al.,
2013). The PAI typically is used to assess drought
events in China on month, season, or year scales (Gen-
eral Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China,
Standardization Administration of the People’s Republic
of China, 2006). Table 1 shows the classification of
drought based on the PAI (China Meteorological Ad-
ministration, 2006).

2.4 Methods
To estimate the correlation between the NDVI and PAI,
we used the formula for the correlation coefficient.
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where r refers to the Pearson correlation coefficient, i is

=

the year, n is the number of years, and x; and y; indicate
the NDVI and PAI data at time i, respectively (Piao et

Table 1 Classification of drought intensity

Intensity PAI value
Drought-free —0.15<PAI
Slight drought —0.30< PAI<-0.15

Moderate drought —0.40< PAI<-0.30

Severe drought —0.45<PAI<-0.40

Extreme drought PAI<-0.45

Note: PAT is the Precipitation Anomaly Index
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al., 2006; Zhao and Running, 2010; Fensholt and Proud,
2012).

NDVI residuals, the difference between the NDVI
observed and predicted, were then computed for each
year andpixel to distinguish the effects of drought and
human activity on NDVI (Evans and Geerken, 2004;
Wessels et al., 2007). We adopted three types of NDVI
in the residual analysis. First was the predicted NDVI
(NDVIp), in which we estimated the linear regression
between the annual average PAI and annual average
NDVI for each pixel (Wu et al., 2014). The results of the
linear regression indicated the vegetation growth with-
out human disturbance. The second was the observed
NDVI (NDVIy), which derives from the annual average
NDVI remote data. Changes in the NDVI, indicate the
effects on vegetation of both drought and human activ-
ity. The third was the NDVI residuals (NDVIr), which
were the difference between the NDVI predicted and
observed:

NDVIx = NDVIy — NDVI, 3)

The residuals signify changes in the NDVI response
attributable to causes other than drought. Positive re-
siduals indicate an area that is experiencing human-
induced improvement, while negative residuals indicate
human-induced degradation (Gang et al., 2014; Yang et
al., 2016). The study calculated the linear trend in the
residuals to estimate the changing trend in vegetation
growth affected by human activity (Cao et al., 2006; Yi
etal., 2014).

3 Results

3.1 Temporal trends of PAI and NDVI
NDVI and PAI were used to estimate the changing
trends in vegetation and drought in the GGP region. Fig.
2 shows the annual average NDVI and PAI from 2000 to
2010. In the GGP region, NDVI showed an increasing
trend in the last decade, with a change rate of 0.0009/yr.
This change process can be divided into two parts: the
NDVI increased until 2002; from 2003 to 2010, the
trend fluctuated over years, with a peak in 2008 and a
trough in 2009. The lower values in 2006 and 2009 may
be the reason that the NDVI change trend was not sig-
nificant.

As with the annual average NDVI trend, the annual
average PAI in the GGP region has shown an increasing
trend over the past 11 years, with a change rate of

0.0146/yr. Essentially, the change process in the PAI
was consistent in part with that in the NDVI. Both the
NDVI and the PAI values were low in 2001, 2006, and
2009. From an annual perspective, there were three dry
years (2001, 2006, and 2009) in the GGP region based
on the PAI value (PAI< —0.1). In 2005, there was an ob-
vious conflict between the PAI and the NDVI values:
the NDVI value was relatively lower, while the climate
was not experiencing drought. In general, there were
some associations between the NDVI and the PAI.

3.2 Spatial patterns of PAI and NDVI

The spatial distribution of the NDVI in the GGP region
was showed in Fig. 3a, regions with a positive value
indicate an increasing trend, while those with a negative
value indicate a decreasing trend. The results showed
that 59.4% of the region showed an increasing trend in
the NDVI, and 10.22% of the region showed a signifi-
cant increasing trend at 0.95 confidential intervals. The
areas in which the NDVI increased were located primar-
ily in the Loess Plateau, specifically in the Liiliang
Mountains area, Northern Shaanxi Province, and south-
ern Gansu Province. Meanwhile, the decreasing trend in
the NDVI was located largely in the Tianshan Moun-
tains, Hunshadake Sandy Land area, and the middle of
the Sichuan Basin. Only 3.65% of the study area
showed a significant decreasing trend in NDVI at 0.95
confidential intervals (Table 2).

The spatial distribution of the PAI and NDVI showed
an obvious association (Fig. 3b). As with the NDVI, the
areas in which the PAI increased (drought reduced) also
were concentrated in the Liiliang Mountains area,
southern Gansu, and the Qaidam Basin area. Similarly,
in areas in which the the PAI decreased (drought aggra-
vated), such as the Tianshan Mountains and the middle
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Fig. 2 Interannual variations in the annual average NDVI and
PAI in the Grain for Green Program region from 2000 to 2010
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of the Sichuan Basin, the NDVI decreased as well. Fur-
ther, to validate the correlation between the NDVI and
drought, the correlation coefficient between the NDVI
and PAI was calculated for each pixel (Fig. 4). The re-
sults showed that 70.64% of the study area showed a
positive correlation between the NDVI and PAI. The
same region shows 10.76% having an extremely sig-
nificant positive correlation at 0.95 confidential inter-
vals and 17.35% having a significant positive correla-
tion at 0.9 confidential intervals (Table 3).

3.3 Drought influence on vegetation growth

To analyze the effects of drought on the vegetation
growth, we chose three drought years (2001, 2006, and
2009), and a special year (2005) to evaluate drought’s
influence on the NDVI. Fig. 5 shows the spatial patterns
of the PAI and the annual percentage of NDVI anoma-
lies. The results indicated that the spatial patterns of the
vegetation growth were essentially consistent with the
drought. In the drought areas, the NDVI generally
showed a negative variation, such as in the Hunshadake
Sandy Land in 2001, the Mu Us Sandy land in 2005, the
Sichuan Basin area in 2006, and the Hunshadake Sandy
Land in 2009. However, the decreased level of the
NDVI was not consistent with the intensity of the
drought. For example, in 2001 and 2009, there was an
extreme drought in the Dabie Mountain area and the
Tarim Basin area, during which the NDVI fell by less

than 20%, and this slight decrease may be attributable to
the ecological restoration activity, which offset the
negative influence of the drought. In 2005, the drought
was non-significant on both the temporal and spatial
levels, and, therefore, the relatively low value of the
NDVI may have resulted from human activity.

3.4 Influence of human activity on vegetation
growth

We used residual analysis to investigate the effect of
human activity on vegetation growth (Fig. 6). The re-
sults showed that 54.47% of the region experienced
human-induced improvement, and 8.08% of the region
showed a significant improvement at the 0.95 confi-
dence intervals. The improvement methods include en-
closure of grassland, afforestation, and grain for green.
These areas were located primarily in the Loess Plateau,
which indicated that the GGP produced notable results
in this region. However, 45.53% of the region experi-
enced human-induced degradation, and 4.43% of the
region showed a significant trend in degradation at the
0.95 confidence intervals (Table 4). These arecas were
scattered in the Hunshadake Sandy Land, southern
Greater Khingan, and the middle of the Sichuan Basin.
The negative effects of human activity likely include
deforestation and urban expansion. Compared with Fig.
3a, the spatial pattern of the NDVI change trend was con-
sistent with the spatial pattern of the residual analysis,
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Fig. 3 Spatial changing trends of Normalized Difference Vegetation Index (NDVI) (a) and Precipitation Anomaly Index (PAI) in the

Grain for Green Program region from 2000 to 2010
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Table 2 Spatial changes of PAI and NDVI in the Grain for
Green Program region from 2000 to 2010 (%)

Variable Increasing Decreasing 'Inc%'easmg ]')ec'reasmg
significantly  significantly
PAI 74.05 25.95 4.59 0.48
NDVI 59.4 40.6 10.22 3.65

Notes: Increasing/decreasing significantly indicates areas (percentages) that
changed significantly at the 0.95 confidence intervals

Correlation coefficient
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Fig. 4 Spatial patterns of the correlation between the NDVI and
PAI in the Grain for Green Program region from 2000 to 2010. ™*:
P<0.05;": P<0.1

Table 3 Correlation analysis between PAI and NDVI

Correlations Area percentage (%)
Positive correlation 70.64
Negative correlation 29.36
Extremely significant positive correlation™ 10.76
Significant positive correlation” 17.35
Extremely significant negative correlation”” 1.15
Significant negative correlation” 2.32

Notes: Positive/negative correlations are the areas (percentages) with posi-
tive/negative linear trends between PAI and NDVI. **: P <0.05; *: P<0.1

indicating that human activity plays an important role in
vegetation growth. As the results in Figs. 3 and 6, hu-
man activity can change vegetation growth more effi-
ciently. For example, in the east of the Loess Plateau,
despite a serious drought, the NDVI increased signifi-
cantly because of human-induced improvement.

3.5 Driving factors in NDVI change

To investigate the driving factors in the NDVI change in
the GGP region, we distinguished between the increased
and decreased parts of the NDVI, and compared them to
different combinations of drought and human activity
(Fig. 7). In Fig. 7a, the favorable climate and human-
induced improvement affected 66.61% of the area with
increased NDVI. Although 22.52% of the region suf-
fered from drought, the NDVI still increased because of
human-induced improvement. Only 10.87% of the area
in which NDVI increased was affected by the favorable
climate, and human-induced degradation was found in
this area (Fig. 8). Meanwhile, in the area in which
NDVI decreased (Fig. 7b), where the climate was fa-
vorable, 69.09% of the area was affected by human-
induced degradation. Further, both drought and human-
induced degradation affected 28.97% of this region. The
drought offset the benefit of human-induced improve-
ments only in 1.94% of the area in which NDVI de-
creased (Fig. 8).

4 Discussion

4.1 Trend of vegetation growth in the GGP region
and method evaluation

Distinguishing the relative roles climate and human ac-
tivity play in vegetation growth has practical signifi-
cance in planning and implementing ecological restora-
tion programs. However, there are still some limitations
in previous research (Ma et al., 2007; Zhou et al., 2015).
Most studies have focused on descriptive analyses, such
as correlations and principal component analysis, which
can not describe the spatio-temporal distribution of
vegetation growth and its driving factors (Wrbka et al.,
2004; Millington et al., 2007). Evans and Geerken
(2004) used a residual analysis instead to study the cor-
relation between precipitation and NDVI in arid areas,
and proposed a new method to distinguish the effects of
climate and human factors on vegetation growth. Sev-
eral recent studies confirmed the effectiveness of this
method further (Herrmann et al., 2005; Wu et al., 2014).
Cao et al. (2006) used residual analysis to evaluate the
effect of human activities on the degree of degradation
in the Xilinguole grassland, and Sun et al. (2010) used
the same method to study the driving forces of vegeta-
tion growth in the Inner Mongolia region. Therefore, we
used the same methodology to investigate the changing



476 Chinese Geographical Science 2018 Vol. 28 No. 3

Drought intensity in 2001

Drought intensity in 2005 i A Drought intensity in 2006

Drought intensity or / Drought intensity cr - Dought intensity A ..
=lsixtreme drought | ¥ & ".\ -gflfdefage dg])lught NN =lsix‘t;reme drotht NEZER
ever drou . “ .

ES Mod, lerate u%ought j o DNO%IOUEM ! 51%11 dgtr?itre (])Jught p o/
1 Slight drought B - ig] qught B
DNoziirought TR - [/No drought G
T (TS Rkl
0 5001000km ' X 0.5001000km ' ¥ 0 5001000km' ¥

» -

Drought intensity in 2009

PNAin 2001

Drought intensity

-Extreme drou ht (¥ e "l
B Sever dr a% i
EdModerate ought 1
CISlight droug I gece
[“INodrought e

0 5001000km ' ¥
RA R R ) g

PNAin 2005

PNAin 2006

0,5001000km '

<-
0, 5001000km"' ¥

Fig. 5 Spatial patterns of the annual drought and the annual PNA (percentage of NDVI anomalies) in the Grain for Green Program
region. Annual drought was calculated from the Precipitation Anomaly Index

trends and driving forces of vegetation growth in this
study.

The results indicated that the benefits of the ecologi-
cal restoration program in the GGP region are clear, as
vegetation growth generally has shown an increasing
trend from 2000 to 2010. In this region, 59.4% of the
area showed an increasing trend in the NDVI and

10.22% showed a significant increasing trend at the 0.95
confidence intervals (Fig. 3a). Other related studies have
confirmed the importance and effectiveness of restora-
tion programs. Chang et al. (2011) reported that such
programs increased the quality of vegetation and in-
creased soil carbon storage in the Loess Plateau. Cai et
al. (2014) also found that the vegetation in southern
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Residual analysis
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Fig. 6 Spatial pattern of residual analysis in the Grain for Green
Program region. *: P < 0.05

Table 4 Spatial statistics of the residual analysis

Scene Area percentage (%)
Human-induced improvement 54.47
Human-induced degradation 45.53
Significant human-induced improvement™ 8.08
Significant human-induced degradation”™ 4.43

Note: " P <0.05

China had recovered under the influence of the GGP. In
fact, human-induced improvements, such as afforesta-
tion and agricultural management, may be the main
reasons for the progress of greening in China’s vegeta-
tion over the last three decades (Piao et al., 2015), which
confirms that, at least in the GGP region, the vegetation
quality generally has improved and recovered because
of the program.

Although the residual analysis may be a relatively
accurate method to estimate the driving factors of vege-
tation growth, it still has some limitations. For example,
vegetation succession, such as from scrub to grassland,
which may have experienced restoration, showed an
insignificant change in NDVI. However, because of the
limited spatial resolution of the remote data and the
validation method, it is difficult to distinguish the forces
that drive these kinds of changes (Verdoodt and Van
Ranst, 2006). Thus, the methodology adopted in this
study may lead to errors at the local scale, but it still is a
novel method to estimate the spatial distribution of the
change trends and driving forces of vegetation growth at
regional and global scales (Gang et al., 2014).

4.2 Driving factors of vegetation growth in the
GGP region

There was an obvious association between vegetation
growth and drought: 70.64% and 10.76% of the study
area showed a positive or a significant positive correla-

Driving factors for NDVI increase %
Favorable climate and negative
human activity

[ IDrought and positive human activity
[ Favorable climate and positive
human activity

0 500 1000km
S S

Driving factors for NDVI decrease
IlDrought and positive human activity\ ¥

[@Drought and negative human activity

[T Favorable climate and negative
human activity

0 500 1000km
T T

Fig. 7 Spatial patterns of the NDVI change factors in the NDVI increased area (a) and decreased area (b) in the Grain for Green Pro-

gram region
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Fig. 8 Spatial statistics of the NDVI change factors in NDVI increased/decreased areas

tion between the NDVI and the PAI (Fig. 4). Drought
influences not only photosynthesis and vegetative respi-
ration, but also increases evapotranspiration and reduces
soil moisture (Miyashita et al., 2005; Brohan et al.,
2006). Several modeling studies have projected that
drought events will increase in China in the future (Xu
et al., 2012; 2013; Leng et al., 2015), thereby increasing
the risk of pest infestations and disease, both of which
contribute to ecological uncertainty, including in resto-
ration program regions (Song et al., 2009). Because the
potential effects of drought on vegetation growth can
not be ignored, we recommend that eco-risk assessment
and scientific management mechanisms should be in-
corporated in the design and management of ecosystem
restoration programs.

However, compared with climatic factors, human ac-
tivity affects vegetation growth more directly and effi-
ciently (Zhang et al., 2015). Our results showed that the
decrease in the NDVI did not match well with the inten-
sity of the drought. Nor can we explain the changing
trends of the NDVI with droughts alone. Human activity
may be another cause (Fig. 5). 89.13% of the areas in
which the NDVI increased were affected by positive
Of these areas, 22.52% suffered
drought, but the positive human activities offset the

human activity.

damage in part (Fig. 7a). Indeed, ecological restoration
programs bring several benefits to local environments,
such as an increase in vegetation coverage (Li et al.,
2012), decrease in soil erosion (Deng et al., 2012), and
increase in soil organic carbon (Song et al., 2014). It has
been reported that the increase in the enhanced vegeta-
tion index (EVI) and leaf area index of forests in the
ecological restoration region was driven not by climatic
factors, but by the GGP (Xiao, 2014). Research on the
change in soil erosion from the end of the 1980s to 2010
found that, because of the success of the GGP and other

environmental protection measures, soil erosion in
China increased before 2000, but decreased thereafter
(Wang et al.,, 2016). Moreover, carbon fixation will
benefit in particular because, with the implementation of
the GGP, increasing forested areas will increase soil
carbon fixation (Deng et al., 2014b). Thus, overall, hu-
man activity plays a dominant role in fluctuating vege-
tation growth.

However, we also should be aware of the destructive
influence of human activity on vegetation. Our research
confirmed that 69.09% of the area in which the NDVI
decreased was affected by human-induced degradation,
and 28.97% of this region was affected by both drought
and human-induced degradation (Fig. 7b). The continu-
ous growth in population, landscape fragmentation
caused by urban expansion, and excessive deforestation
and overgrazing have all contributed to pressures on the
natural environment (Pimentel and Pimentel, 2006;
Dewan and Yamaguchi, 2009; Luck et al., 2009).
Therefore, implementing ecological programs is more
than necessary, and requires long-term persistence to
achieve more and sustained ecological benefits in the
future. Because human activity is the predominant factor
in vegetation change, to maximize restoration results in
the face of extreme climatic conditions, we must be cau-
tious about the measures we choose for ecological res-
toration (Wang et al., 2007; Normile, 2007). Cao et al.
(2011) stated that, in the arid and semi-arid areas of
North China, regardless of the arid and rainless natural
environment, poor selection of tree species for the GGP
led not only to a low vegetation survival rate, but also to
deterioration in the soil ecosystem because of trees’
large demand for water. Consequently, when consider-
ing local precipitation and water use efficiency, it is es-
sential to select suitable plant species when implement-
ing future ecological restoration projects in arid areas
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(Cao et al., 2009; Wang et al., 2015).
5 Conclusions

In this study, we found that the GGP region in China
experienced a significant environmental change from
2000 to 2010 because of climate variation and human
activity. The NDVI in this area improved clearly, which
likely is attributable to the ecological restoration pro-
grams, and human activity played a dominant role in
changing vegetation growth. However, against the
background of global climate change, extreme weather
and climate events such as drought continue to increase,
these kinds of changes will certainly affect, and might
even offset, the benefits of ecological restoration. Posi-
tive human activity can contribute to a continual growth
in NDVI despite droughts, and the findings of this re-
search suggest that appropriate human activity can
maximize the benefits of ecological restoration pro-
grams and minimize the negative effects of extreme
weather. The selection of appropriate plants for eco-
logical programs in the GGP region also is a helpful
method to deal with climate variation. Future studies
should consider extreme weather events as one of the
factors that can affect the efficacy of ecological projects,
and we recommend incorporating eco-risk assessment
and scientific management mechanisms in the design
and management of ecosystem restoration programs.
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