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Abstract—Vegetation cover not only takes as an import 
parameter for monitoring the vegetation situation of  land 
surface , but also is an important indicator indicates the 
quality of the ecological environment and its changes. 
Therefore, in this paper , The Landsat TM  images of 1989 
and 2011 was used to extract the normalized  difference 
vegetation index (NDVI) , then, the vegetation cover was 
obtained by NDVI using RS software ERDAS IMAGE 9.2, the 
results shown that : the increasing area of NDVI (0.2~0.3) was 
greatest, which was 141.41 km2, on the contrary, the reduced 
area of NDVI (0.4~0.5) was 340.29 km2, the lower vegetation 
coverage region covered the greatest increasing area, while the 
reduced area of higher vegetation coverage was maximum.  
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I. INTRODUCTION 
Vegetation coverage, usually refers to a proportion or 

percentage that vertical projection of the vegetation canopy 
surface area accounting per unit area[1], which not only is an 
important parameter characterization of a number of land 
surface vegetation[2], but also is an important indicator 
indicates the quality of the ecological environment and its 
changes, meanwhile, it is the most sensitive on the 
topography, soils, hydrology, climate, and human 
activities[3-4]. Therefore, it has important practical 
significance for the evaluation of regional ecological 
environment from vegetation cover change information by 
using RS and GIS technology [5-6]. In this paper, the Landsat 
TM images of 1989a and 2011a were taken as the main data 
resources, the normalized difference vegetation index 
(NDVI) was obtained from two images in Mulan county of 
Heilongjiang Province, on this basis, vegetation cover was 
extracted from NDVI and its characteristics was studied, 
which can provide certain theoretical basis to restore the 
ecological construction and environment management. It 
also provide the scientific basis for the maintaining of 
ecological environment, reasonable utilization of resources, 
and the study results can optimize allocation of ecological 
protection and sustainable utilization in Songhua River 
basin.  

II. STUDY AREA 
Mulan County is located at north shore of the middle 

reaches of the Songhua River, south-central of Heilongjiang 
Province, extending from 127°31’ to 128°18’ E, and from 
45°54’ to 46°36’ N, with an area of 3600 km2. The north of 

Mulan is mountainous , and the terrain has a north to south 
low trend. Rivers in it are anabranch of Songhua River, and 
the main rivers are Miranda River and Poplor River. Mulan 
features a monsoon-influenced, humid continental climate 
with annual average temperature 1~-3℃, and the extreme 
maximum temperature is 35.5℃, the extreme minimum 
temperatures is -42℃. Annual average rainfall is 596.2mm 
and frost-free period 127 is days. Mulan is very rich in 
natural resources with an area of 252 acres of forestland 
with mainly pine, oak , very , locust , poplar, elm , birch and 
other trees . 

III. DATA PROCESSING AND STUDY METHODS   

A. Data Sources 
For the study area, we taken the images which were 

clear and has little cloud in August and September due to 
the good period the vegetation growth .We acquired two 
remote images taken by the Landsat TM5 senor of the study 
site dated September 1989 and August 2010 as the primary 
data source. The two images can well reflect the views of 
local vegetation cover and land use[7]. In addition, we 
collected current land use maps, topographic map 
(1:50,000)and some GPS survey data of study region.  

B. Processing of Remote Sensing Image Data 
Firstly, the topographical map was corrected by using 

the ground control points (GCPs) in ERDAS IMAGE9.2, 
then referenced to the correction topographical map. The 
geometric correction process of Landsat TM was carried 
out by used a first order polynomial equation with the 
project of Xian80 coordinate, with the methods of 
Quadratic polynomials interpolation and Double linear 
interpolation. And then the Positional root mean square 
error (RMSE) was kept below half of an pixel, then the 
atmospheric correction was performed by using by using 
the FLAASH module in remote sensing software ENVI, the 
Remote sensing image was masked by using the boundary 
of the study area 

C. Calculation of Vegetation Cover 
The calculation of vegetation cover in this study 

primarily based on the normalized difference vegetation 
index[8-9]. The NDVI is the normalized ratio of reflectance 
value at red and infrared part of the electromagnetic 
spectrum. NDVI is calculated as followed: 
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where CH4 and CH3 are reflectance in the near infrared 
and the red bands, respectively. The NDVI values have 
been typically used to map spatial distributions of 
vegetation[10] 

The vegetation coverage of study region was obtained 
by using NDVI that was calculated with the support of 
Model module in ERDAS 9.2, which was as followed:  
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Where NDVI is the normalized difference vegetation 
index; NDVImin, NDVImax are normalized vegetation index 
the minimum and maximum values, NDVImin corresponding 
areas are non-vegetation coverage, including bare ground 
and unused land. NDVImax corresponding area mostly 
covered by vegetation ,including forest and cropland . 

D. Vegetaion Cover Classification 
According to Standards classification and gradation of 

soil erosion enacted in 1996[11], combining with  ground 
field survey and soil erosion intensity data, the vegetation 
cover is divided into five levels[12] as followed referencing 
to the existing literature of Water Resources: grade 
Ⅰ( waters ) : vegetation coverage 0; Ⅱ level ( low 
vegetation coverage with vegetation cover range from 0.0 to 
0.62): vegetation coverage 0-0.62; mostly bare soil, low 
yield of grassland , shrub land , fallow land and residential 
land use ; Grade Ⅲ ( medium vegetation with vegetation 
cover range from 0.62 to 0.82 ): 0.62-0.82 vegetation 

coverage , mainly in high-yielding meadows, forestland and 
some cropland, are generally flaky or massive distribution ; 
grade Ⅳ ( high vegetation with vegetation cover range from 
0.82 to 1 ); mostly jungle and good arable land, 
etc.,showing a sheet or block distribution. Complete 
classification of vegetation cover in the ArcGIS 9.2. 

IV. RESULTS AND ANALYSIS 

A. Statistical Analysis of NDVI 
With the support of ArcGIS, according to research 

needs, the NDVI is divided into seven categories, which is 
followed as, level 1 (NDVI= -1), level 2 (-1 ~ 0.1), level 3 
(0.1~0.2), level 4 (0.2~ 0.3), level 5 (0.3~ 0.4), level 6 (0.4 
~0.5), level 7 (NDVI>0.5) respectively. As it shown in table 
I, we know that the area proportion of NDVI accounted of 
lever 7 in the two-data is largest, respectively known as 
49.95% and 54.10%, followed by NDVI of level 6. The 
area proportion of level 2 NDVI is minimum, 0.58% and 
0.48% respectively. The area, when NDVI=-1, in 1989 was 
less 61.19 km2 than in 2011, where is mainly concentrated 
in the water body of the Songhua River region; the area of 
NDVI between 0.4 and 0.5 was reduced with 340.29 km2, 
which is maximum; the area of NDVI between -1 to 0.1 
was reduced in minimum. Areas of NDVI in the range of 
0.1~0.4 and NDVI>0.5 are in a state of increasing, the 
NDVI of biggest increased area are between 0.2 and 0.3; 
NDVI in-1 ~ 0.1and 0.4~ 0.5 are in a reduced state, in 
which the area of NDVI between 0.4 to 0.5 reduced in 
maximum. 

 

Table I. Statistics in degree of change from 1989 to 2011 

NDVI level 
1989  2011    Change 

Area /km2     Percentage  
%  Area /km2      Percentage  

%  
The amount of 
change /km2   

 Percentage  
% 

1 163.89 5.16  102.7 3.23  -61.19 -1.93 
2 18.52 0.58  15.21 0.48  -3.31 -0.1 
3 28.4 0.89  59.56 1.87  31.16 0.98 
4 102.48 3.23  243.89 7.68  141.41 4.45 
5 356.91 11.23  458.79 14.44  101.88 3.21 
6 920.43 28.97  580.14 18.26  -340.29 -10.71 
7 1587 49.94  1717.34 54.04  130.34 4.1 

 
B. Accuracy Evaluation of Vegetation Coverage 

This study chose random sampling method to test the 
accuracy of using NDVI for the quantitative inversion of 
vegetation coverage. Get samples in areas in four different 
levels of vegetation coverage, and then complete accuracy 
of the vegetation cover evaluation by using handheld GPS, 
error matrix analysis and field investigation on the sampling 
points. After analysis, the accuracy of various levels of 
vegetation coverage classification is more than 90%. This 
result shows that the quantitative reverse NDVI vegetation 
coverage reflect the actual situation of the vegetation 
coverage in the study area. 

 

C. Change Trends of Vegetation Cover area 
Based on the remote sense process and quantitative 

inversion of research area over a period of 22 
years(1989-2011), extracted vegetation are 4 types:water 
body, low vegetation coverage, medium vegetation 
coverage and high vegetation coverage. The statistics in 
table II shows: the area of the high vegetation coverage is 
largest.The main land types in the high vegetation coverage 
are high-density forestland and good cropland. Forestland 
occupied a large percent in the high vegetation coverage 
area, showing the distribution of patchy or block, which 
have ratios of 65.10% and 45.78% respectively. This 
vegetation coverage type has a higher proportion in the 
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study area mainly because two remote sense data acquired 
at the time when plant was in luxuriant growth period. The 
area with a high degree of vegetation coverage constituted 
landscape in the study area reduced 614.13 km2 from 1989 
to 2011. But the area with a high degree of vegetation 
coverage not formed landscape is 19.32%. The area of 
water body are 159.75km2 (1989)and 103km2 

(2011)respectively, which is the minimum in 4 types of 
vegetation. The vegetation of low coverage and medium 
coverage in the area tended to increasing, in which the low 
vegetation coverage increase largest, increased with 486.83 
km2 from 123.17 km2(1989) to 610km2(2011).. The area of 
the medium vegetation coverage increased 184.05 km2, and 
increasing ratio is 5.59%. 

 

Table II. Statistics of vegetation coverage and the degree changes from 1989 to 2011 

NDVI level 
1989 2011    Change 

Area /km2     Percentage  
% Area /km2     Percentage  

%  
The amount of 
change /km2     

Percentage  
% 

1 159.75 5.03 103 3.24  -56.75 -1.79 
2 123.17 3.88 610 19.20  486.83 15.32 
3 825.95 25.99 1010 31.78  184.05 5.79 
4 2068.76 65.10 1454.63 45.78  -614.13 -19.32 

 
D. Spatial Change Characteristics of Vegetation 

Based on quantitative analysis of dynamic transition of 
the vegetation coverage areas with the support of ArcGIS, 
further analysis are done to reveal the dynamic variation 
and trends and the spatial evolution model. This will help us 
to grasp the overall development stage of the vegetation 
coverage in the study area. For the water body, the parts of 
mainly reduced are located in the mudflat wetland along the 
Songhua River. The main reasons for the reduction due to 
the influence of the weather and other natural conditions, 
but human disturbance along the Songhua River basin can 
not be overlooked. The beach land (wetlands) ---- cultivated 
land is the main track changes. In the land using process, 
parts of the wetlands along the river disappeared due to the 
irrational use of human, leading to the disappearance of the 
river surface deformation, some of the river segment 
narrowed and the water areas becomes smaller. The 
population in the high degree of vegetation cover area 
where now reduced is relatively dense. What be found in 
the field survey is that resident devastate forests for 
cropland. Driven by economic interests, unreasonable 
activities caused the transformation form forest land to 
cropland. In addition, partially dense forest degenerate into 
shrub land due to human influence. Low-altitude areas of 
vegetation increase mainly distributed in the agricultural 
zones and higher elevations of the mountainous region 
surround the city. For the mountain areas of high altitude, 
the source of increaseing areas are a number of fallow land 
and abandoned arable land (fallow land). Forestland 
dominated the evolution of the region's land-use patterns. 
Human activities has been limited due to the influence of 
topography and other natural conditions. This result in 
“Grain for Green” and “ returning cropland to pasture ” and 
other ecological projects implemented, and the “Grain for 
Green” and other projects in the study area gets some 
achievement. Areas with medium height of vegetation cover 
increased mainly located at the part of the forest area and 
the outskirts of the original vegetation cover in Mulan. This 
is mainly because the implementation of the “Grain for 
Green”, “returning cropland to pasture” and other 
ecological policy. The former high coverage vegetation 

suffer the unreasonable interference caused by man, 
resulting in destruction of the particular high density of 
forestland, the density of vegetation types showed some 
degree of thinning and fragmentation increased and some 
forest change into cropland. With the Natural Forest 
Protection Project, “Grain for Green” and other ecological 
policies to cover vegetation, the study area vegetation 
coverage transite from low to high. This progress shows 
deteriorating of the ecological environment has relieved.  

In a word , the vegetation coverage areas with low 
vegetation coverage (levelⅡ) and medium vegetation 
coverage (level Ⅲ) in 2011 was increased by 15.32% and 
5.79% than that in 1989, respectively, the low vegetation 
coverage area (level Ⅱ) increased maximum. The high 
vegetation coverage area and water body area less than 
1989, in which the high vegetation coverage (level Ⅳ) 
decrease largest with 19.41% 

V. CONCLUSIONS 
The areas of NDVI ranges from 0.1 to 0.4 and NDVI> 

0.5 are in a increase state , and areas with a value of NDVI 
ranges from 0.2 to 0.3 increased maximum, the area of 
NDVI from -1 to 0.1 and from 0.4 to 0.5 are in a reduction 
state , in which the NDVI from 0.4 to 0.5 reduced 
maximum. 

The vegetation coverage in the low vegetation coverage 
area and the medium vegetation coverage area in 2011 was 
large than 1989, and the low vegetation coverage area 
increased maximum; the high vegetation coverage area and 
water body area less than 1989, in which the high 
vegetation coverage decrease largest. 
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