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ABSTRACT: 

Vegetation plays a leading role in ecosystems. Plant communities are the main components of ecosystems. Green plants in 

ecosystems are the primary producers, and they provide the living organic matter for the survival of other organisms. The dynamics 

of most landscapes are driven by both natural processes and human activities. In this study, the growing season GIMMS NDVI3g 

and climatic data were used to analyse the vegetation trends and drivers in Beijing-Tianjin-Hebei region from 1982 to 2013. Result 

shows that, the vegetation in Beijing-Tianjin-Hebei region shows overall restoration and partial degradation trend. The significant 

restoration region accounts for 61.5% of Beijing-Tianjin-Hebei region, while the significant degradation region accounts for 2.1%. 

The dominant climatic factor for time series NDVI were analyzed using the multi-linear regression model. Vegetation growth in 

17.9% of Beijing-Tianjin-Hebei region is dominated by temperature, 35.5% is dominated by precipitation, and 11.68% is dominated 

by solar radiance. Human activities play important role for vegetation restoration in Beijing-Tianjin-Hebei Region, where the large 

scale forest restoration programs are the main human activities, such as the three-north shelterbelt construction project, 

Beijing-Tianjin-Hebei sandstorm source control project and grain for green projects. 

1. INTRODUCTION

Climate change, especially climate warming in modern times 

has attracted wide attention from governments, scientists and 

the public. For example, with the 2009 UN climate conference 

in Copenhagen, climate change is no longer a purely scientific 

issue, but rather a political issue in the international community. 

In the past 30 years, the climate of northeast Asia (China, 

Russia and Mongolia) has changed dramatically. The results 

show that the region is one of the regions with the strongest 

signal of global warming (Chase, T. N. et al., 2000) .  

Terrestrial ecosystem is the life support system for sustainable 

development of human society, and vegetation is the link 

between the atmosphere, soil and water in terrestrial ecosystems 

(Ma and Frank, 2006) which plays an important role in the 

exchange of earth system material and energy and that is the 

most sensitive component to global change in terrestrial 

ecosystems. We can indicate climate change through changes in 

vegetation ecosystem (Cramer et al., 2001). The dynamic 

changes of vegetation can reflect the response of climate and 

non-climatic factors to some extent. Vegetation changes are not 

only affected by climate change, but also by non-climatic 

factors. 

NDVI, (Normalized Difference Vegetation Index), . It is used to 

reflect vegetation productivity by using vegetation chlorophyll 

to reflect the near-infrared light and absorption of red band 

(Rouse et al., 1974). NDVI can better reflect vegetation's 

absorption capacity of photosynthetic effective radiation (Bunn, 

2006). NDVI is very sensitive to the low vegetation coverage 

information in arid and semi-arid regions (Myneni et al., 1997), 

so NDVI can be used to reflect vegetation information in low 

vegetation coverage areas. Using time series remote sensing 

products, scholars have found significant recovery of vegetation 

in the global (Ichii et al., 2013) and regional scale (Harris et al., 

2014). 

People using long time series of remote sensing products 

analysis in the study of the global scale, Asia, and China 

regional vegetation change and driving factors, but also no 

scholar of vegetation change and driving factors of the 

Beijing-Tianjin-Hebei region detailed analysis on regional scale. 

This study analysed the region, the main purpose is: 1) Using 

the long time series remote sensing data of the 

Beijing-Tianjin-Hebei region from 1982 to 2013 to analyze the 

growth potential of the vegetation in the region for nearly 32 

years; 2) Analyse the effects of climatic factors on vegetation 

changes in the region by using climatic factors such as 

temperature, precipitation and sunshine in the 

Beijing-Tianjin-Hebei region from 1982 to 2013; 3) Analyze 

the effects of human activities on the vegetation changes in the 

Beijing-Tianjin-Hebei region by combining the local ecological 

protection projects and other human activities. 

2. RESEARCH METHODS

2.1 Overview of the research area 

“Beijing-Tianjin-Hebei” region is China's "capital circle", 

including Beijing, Tianjin and Hebei province. Xi Jinping, 

general secretary of the CPC central committee, President of the 

CPC central committee and President of the central military 

commission, held a symposium in Beijing on February 26, 2014. 

Listen to the report on the coordinated development of the 

Beijing-Tianjin-hebei region and realizing the coordinated 

development of Beijing, Tianjin and Hebei is the need to create 

a new capital economic circle in the future and promote the 

innovation of regional development system and mechanism. It 

is necessary to explore and improve the layout and shape of 

urban agglomeration, and provide demonstration and model for 
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the development of regional development. It is necessary to 

explore the effective path of ecological civilization construction 

and promote the coordination of population economic resources 

and environment. It is necessary to realize the advantages of 

Beijing-Tianjin-Hebei region, promote the development of 

bohai economic zone and promote the development of the 

northern hinterland. It is a major national strategy. We should 

stick to the complementarity, mutual benefit and speed up the 

development of a scientific and sustainable development path. 

 

We found that the NDVI in the Beijing-Tianjin-Hebei region is 

more than 0.4 by analysing the average GIMMS NDVI3g of the 

vegetation growth season in the Beijing-Tianjin-Hebei region in 

1982. This indicates that the Beijing-Tianjin-Hebei region is 

dominated by medium vegetation coverage and high vegetation 

coverage. 

 

Figure 1 Spatial distribution of GIMMS NDVI3g in the 

Beijing-Tianjin-Hebei region between 1982 and 2013. 

2.2 Data source 

GIMMS NDVI3g：AVHRR（advanced very high resolution 

radiometer）NDVI（normalized difference vegetation index） 

data is the longest continuous data set in the world at present, 

and it has gained wide attention both at home and abroad. In 

particular, GIMMS（global inventory modelng and mapping 

studies）NDVI data sets are characterized by long time series, 

extensive coverage, spatial and temporal comparison, strong 

vegetation dynamic change characterization ability, etc., which 

is the most widely used data set in AVHRR NDVI data which 

has been used a lot in regional and global scale vegetation 

dynamic change detection and genetic analysis, land 

degradation region identification, vegetation productivity 

simulation and carbon balance research. The understanding of 

vegetation dynamic change is improved. 

 

Previous studies have shown that Global Inventory Modeling 

and Mapping Studies（GIMMS）NDVI data sets can be 

accurately applied to the study of global vegetation changes 
[4,13-15]. Using regional scale higher resolution remote sensing 

image or time series field measured data, and combined with 

local expert knowledge base to verify this vegetation change 

trend analysis and consistency analysis is very necessary. Based 

on the precise information of regional scale, this paper makes a 

cross-comparative analysis of the variation trend of different 

long-time series vegetation products in different ecosystems or 

different land use types which can provide a reliable reference 

for the study of vegetation change. 

 

Climatological data: CRU TS3.2 climatic data set [16] was used 

in the study. The monthly data of temperature, precipitation, 

cloud cover and evaporation from 1982 to 2013 were used and 

the difference between precipitation and evaporation is 

calculated to represent the net precipitation. 

 

2.3 Mann-kendall time series non-parametric estimation 

model 

In order to compare the linear regression model with time series 

based on least square method, 

 

In this study, Mann-kendall non-parametric estimation model 

was used to simulate the trend of vegetation growth which is 

more powerful to prove the trend of vegetation growth at the 

same time. Mann-kendall non-parametric estimation slope can 

avoid the loss of time series data and the influence of data 

distribution patterns on the analysis results compared with the 

linear trend fitting based on least square method, it also can 

eliminate the disturbance of abnormal value in time series. 

Therefore, in the analysis of long time series data sets, the slope 

of non-parametric estimation is often used to detect the 

magnitude of the change trend. In this study, non-parametric 

Sen's trend test was used to improve trend identification and 

spatial autocorrelation and use Sen's slope to obtain the 

magnitude of the change trend of time series. The calculation 

formula of Sen's non-parametric estimation slope is as follows: 

 

             (  )        (
     

   
)                  (1) 

 

Among them: xi and xj respectively represent the cumulative 

NDVI value of vegetation growth season in year i and j (j > i) 

respectively. The Median represents the number of calculations. 

If N is odd, the calculation formula of slope is: 
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If N is even, the calculation formula of slope is: 
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The significance test of time series trend needs to be done by 

Mann-kendall (MK) test method. This method is proposed by 

Mann and is mainly used to detect the change trend of detection 

time series. Mann-kendall slope and Mann-kendall trend test are 

combined to use as an important method for the analysis of long 

time series data trend which is widely used in the analysis of 

vegetation trend of long time series. The MK test is a 

non-parametric trend test, which is one of the most commonly 

used time series trend test methods. The MK test sample does 

not need to conform to a certain distribution, nor is it affected 

by a few abnormal values which is applicable to the data of the 

non-normal distribution. It is also widely used in remote 

sensing data analysis. 

 

The significance level of the study was p<0.05, and if p<0.05, 

the change of NDVI was considered to be significant, otherwise 

the change of NDVI was not significant. 
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2.4 Regression analysis of NDVI and climate factors 

Temperature, solar radiation, water, combined with the growth 

of vegetation [16]. The correlation between NDVI and 

individual climatic factors was analysed by using the 

temperature, precipitation and cloud cover ratio in CRU TS3.2 

climate data, and the correlation coefficient and significance 

level were calculated. The significance level of the study was 

p<0.05, and if p<0.05, the correlation between NDVI and 

climate factors was considered significant, otherwise the 

correlation between NDVI and climate factors was not 

significant. 

 

Using the combination of NDVI and climatic factors 

(temperature, precipitation, sunshine) normalized multiple 

linear regression analysis and residual trend analysis method, 

the effects of climate and non-climatic factors on vegetation 

change were distinguished. 

 

Use normalized multivariate linear regression analysis to 

analyse the common role of each factor on NDVI and their 

respective weights [21]. Climate factors (temperature, solar 

radiation, water) are usually interacting with each other, and the 

effects on vegetation are not independent. Analyse the common 

influence of temperature, solar radiation, water on NDVI and 

the weight of each factor. 

 
         

     
      

         

  
     

         

  
   (4) 

 

Where      is the average of NDVI for years     , is the 

standard deviation of NDVI for many years,      is the 

multi-year average of the ith climate factor,    is the standard 

deviation of the ith climate factor. 

 

F is used to test the multivariate linear regression equation. If 

the significance level indicator P<0.05, the correlation between 

NDVI and climate factors was significant. 

 

3. RESULTS 

3.1  Analyse of the change of vegetation in the 

Beijing-Tianjin-Hebei region from 1982 to 2013 

In the study we used non-parametric estimation methods. Based 

on MATLAB, the change slope of NDVI in the annual 

vegetation growth season of 8km resolution in 

Beijing-Tianjin-Hebei region and significance level (figure 2) 

was obtained. The regions with significant increase and 

significant decrease in NDVI were extracted (figure 3). 

 

By analysing the change rate and significance level of NDVI in 

the Beijing-Tianjin-Hebei region from 1982 to 2013, the region 

showed a significant decrease in NDVI, which represents the 

degradation of vegetation. About 61.5% of the region showed a 

significant increase in NDVI, which represents the restoration 

of vegetation. This shows that from 1982 to 2013, the region 

showed the overall vegetation restoration and the emergence of 

local vegetation degeneration. The area of vegetation 

degeneration is mainly distributed in the east of the region 

 

3.2 Influence of human activities on the change of 

vegetation in Beijing-Tianjin-Hebei region 

The study on the relationship between vegetation cover and 

climate change has become an important part of global change 

research. China has been one of the most closely watched areas 

of global change research for one of the regions with the 

strongest signs of global warming. It is of great significance to 

analyse the impacts of climate factors on China's vegetation 

changes. Temperature, radiation and water interaction are 

combined with terrestrial vegetation changes (Churkina G 1998). 

The average temperature of vegetation growing season was 

selected as the temperature index, the precipitation is selected as 

the index of water response, The coverage ratio of cloud is 

selected as the index of radiation intensity in the study. 

 

 

Figure 2 change slope of GIMMS NDVI (left) and significance 

level (right) of the vegetation growing season in the 

Beijing-Tianjin-Hebei region from 1982 to 2013 

 

In the study, we used the normalized multiple linear regression 

analysis to analyse the common effects of various climatic 

factors on NDVI. The regression coefficient and significance 

level of normalized multivariate linear regression were 

calculated. Three climatic factors, including temperature, 

precipitation and cloud cover, were considered in the study. 

Select the factor with the highest regression coefficient as the 
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dominant climate factor affecting the NDVI of the pixel (8km). 

If the significance level of normalized multiple linear regression 

analysis is p<0.05, it is considered that the pixel is significantly 

affected by the multi climate factor. Finally, the dominant 

climate factor distribution of GIMMS NDVI3g in the 

Beijing-Tianjin-Hebei region was influenced from 1982 to 2013, 

as shown in figure 4.  

 

The results show that temperature is the dominant climate factor 

influencing the trend of GIMMS NDVI3g time series in 17.9% 

of the region. The precipitation - evapotranspiration is the 

dominant climate factor influencing the trend of GIMMS 

NDVI3g time series in 35.5% of the region. The cloud coverage 

ratio is the dominant climate factor affecting the trend of 

GIMMS NDVI3g time series in 5.5% of the region. From 1982 

to 2013, precipitation was the major climatic factor affecting the 

vegetation change in the Beijing-Tianjin-Hebei region. 

 

 

Figure 3 Significant variation trend distribution of GIMMS 

NDVI in the Beijing-Tianjin-Hebei region between 1982 and 

2013 

 

 

Figure 4 influences the dominant climatic factors of GIMMS 

NDVI3g in the Beijing-Tianjin-Hebei region from 1982 to 

2013. 

 

3.3 Analysis of the impact of human activities on vegetation 

growth in the Beijing-Tianjin-Hebei region 

In the study, we considered that NDVI was significantly 

changed, but the regions with insignificant correlation between 

NDVI and climate factors were corresponding to the significant 

changes in vegetation caused by human activities. The region 

that GIMMS NDVI3g significantly increased while NDVI and 

multi-climatic factors regression analysis was not significant 

from 1982 to 2013 is defined as the vegetation restoration area 

caused by human activities. The region that GIMMS NDVI3g 

significantly decreased, while NDVI and multi-climatic factors 

regression analysis was not significant from 1982 to 2013 is 

defined as a region of significant vegetation degradation caused 

by human activities. The result is shown in figure 5. The results 

show that the vegetation recovery area caused by human 

activities from 1982 to 2013 accounted for 21.0% of the region, 

and the vegetation significantly degraded by human activities 

accounted for 0% of the region. 

 

The Beijing-Tianjin-Hebei region is a key implementation area 

for China's large-scale forestry ecological projects, such as the 

three-north shelterbelt project, the Beijing-Tianjin wind-sand 

source control project, and the conversion of farmland to 

forestry. The implementation of a series of large-scale forestry 

ecological projects is the most important factor affecting the 

vegetation restoration in the region. This indicates that forestry 

ecological engineering has achieved remarkable results in the 

region. 

 

 
Figure 5 Distribution of the influence of human activities 

on vegetation changes in the Beijing-Tianjin-Hebei region. 

 

4. Conclusion 

In the study, we used the average NDVI data in vegetation 

growth season and climatic data of the Beijing-Tianjin-Hebei 

region from 1982 to 2013. The change of vegetation in the 

region and the main driving factors were analysed. The region is 

dominated by medium vegetation coverage and high vegetation 

coverage. Between 1982 and 2013, 2.1% of the region 
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presented vegetation degradation, and 61.5% of the regions 

showed vegetation restoration. In the Beijing-Tianjin-Hebei 

region, 17.9% of the region, temperature is the dominant 

climate factor influencing the trend of GIMMS NDVI3g time 

series. 35.5% of the region, precipitation is the dominant 

climate factor affecting the trend of GIMMS NDVI3g time 

series. 35.5% of the region, the cloud coverage ratio is the 

dominant climate factor affecting the trend of GIMMS NDVI3g 

time series. 

 

From 1982 to 2013, the vegetation significantly recovered from 

human activities accounted for 21.0% of the region, and the 

vegetation significantly degraded by human activities accounted 

for 0% of the region. The Beijing-Tianjin-Hebei region is a key 

implementation area for China's large-scale forestry ecological 

projects, such as the three-north shelterbelt project, the 

Beijing-Tianjin wind-sand source control project, and the 

conversion of farmland to forestry. The implementation of a 

series of large-scale forestry ecological projects is the most 

important factor affecting the vegetation restoration in the 

region. This indicates that forestry ecological engineering has 

achieved remarkable results in the region. 
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