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Abstract

Regional vegetation cover plays an important role in modeling ecosystem change and conservation. In this study, MODIS-NDVI
(Normalized Difference Vegetation Index) and EVI (Enhanced Vegetation Index) image of 32 days composite were made in
August 2008. 39 samples of grassland, 40 samples of shrub and 55 samples of forest were established in Northern Hebei
Province in August 2008. The MODIS image we used was taken in the same period as the time of filed sampling. The MODIS-
NDVI and EVI values of field samples were extracted from MODIS image. The optimal regression equation was developed
between the NDVI values and the vegetation cover of field samples in grassland, shrub and forest respectively. The similar
process was conducted for EVI values. The simulation precision of the equation was tested by independent field data. Lastly, the
predictive validity of natural vegetation cover by using NDVI and EVI values was compared and assessed. The results show that
all selected optimal regression equation pass significance testing of 0.05. As for forest, shrub and grassland, the coefficient
Correlation (R2) of selected optimal regression equations based on NDVI values is higher than that based on EVI(from 0.488 to
0.644), and Mean Absolute Error (MAE) based on NDVI values is lower (from 0.0617 to 0.0916) than that based on EVI values.
There is a conclusion that MODIS-NDVI are more correlation with field data of vegetation cover and have obvious advantages
for predicting natural vegetation coverage than MODIS-EVI in our study area.
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1. Introduction

Presently ecological informatics provides an important support for development of modern ecology, and it serves
for ecosystem management directly [1]. Regional vegetation coverage is an important integral part of spatial
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database of terrestrial eco-information. It plays an important role in modeling ecosystem change and conservation.
Natural vegetation coverage can been surveyed by using satellite remote sensing technology, which have become an
important mean of obtaining eco-information on regional or global scale [2]. Contrasted with NOAA/AVHRR, the
terra-MODIS is a kind of new-style and important satellite remote sensor, and has higher spatial and spectral
resolutions. MODIS-derived Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index
(EVI) are the most widely used Vegetation indices in satellite monitoring of vegetation information [3, 4, 5, 6]. Gao
et al. found that the NDVI was more saturated at high biomass levels [7], however EVI can eliminate impact of soil
background and atmospheric aerosols [3, 8], and can had improved sensitivity over high biomass areas [9]. Research
has shown that when developed a linear relationship with photosynthetically active radiation, leaf area index and
biomass of vegetation, EVI is superior to NDVI [10]. Furthermore, Huete et al. also reported that the EVI can
provide greater dynamic range than the normalized difference vegetation index [3]. However, there is a lack of
understanding of correlation on MODIS-NDVI and EVI respectively with natural vegetation cover in China. Thus,
the objective of this study is to assess the correlation on MODIS-NDVI and EVI with natural vegetation coverage in
Northern Hebei Province, China. Based on their correlation, optimal regression equation between the MODIS-
NDVI/EVI values and the natural vegetation coverage of field samples in forest, shrub and grassland respectively
were developed and selected. Finally, the simulation precision of regression formula was tested by using field data
of vegetation coverage.

2. Study Area and Site Description

Hebei province (36°05' N-42°37' N, 113°27' E-119°45" E) is located in Northeast China. The study area in this
paper is located in Northern Hebei Province (39°6'-42°37'N, 113°48'-119°45'E) (fig.1), including four cities
(Zhangjiakou; Chengde; Qinhuangdao; Tangshan) in the administrative regionalization. The landforms are complex
and diverse in the study area. The geomorphological types are mountains and hills, and the altitude is about 1000 m
and in northern study area and the geomorphological type is plain and the altitude is less than 50 m in southeast
study area. The study area is dominated by continental monsoon climate of middle temperate zone. The mean annual
temperature was 0-13°C and the mean annual rainfall was 300-700 mm in Northern Hebei Province. Most of the
annual rainfall occurred during the rainy season from June to August. Temperate grassland and temperate deciduous
broad-leaved forest are the main zonal vegetation types in our study area. In the ecotone from forest zone to the
grassland, many shrub-grassland distributes [11].

3. Data Source and Data Process Methods
3.1 Field survey of vegetation coverage

In study area, we selected 55 forest samples, 40 shrub samples and 39 grassland samples randomly in August,
2008. The spatial distance between samples of same vegetation type is about from 5 to 10 km (Fig. 1). Every sample
was positioned by GPS based on topographic map. These samples were representative of vegetation coverage in
Northern Hebei Province. The size of every sample was 250 m x 250 m, which can match with the resolution of
chosen MODIS image perfectly. In every sample, we made 5 plots based on gradient of vegetation coverage of this
sample. The size of plot is 1 m” for grassland, 16 m? for shrub and 100 m* for forest respectively. The vegetation
coverage of every plot was measured. The mean of 5 plots was representative of the vegetation coverage of the
sample.

3.2 Remotely sensed data source

MODIS-NDVI and EVI products with spatial resolution of 250 m x 250 m were provided by the NASA. The data
in August 2008 were used for this study. Firstly, we obtained the MODIS-NDVI and EVI production of 16 day
composite. To avoid the presence of cloud cover and match with time of filed survey of vegetation coverage, the
MODIS production of 16 day composite were converted to 32-day composites based on the Maximum Value
Composite [12], which can also eliminate the impact resulting from difference of the time series of MODIS image
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and filed survey. Lastly, the NDVI and EVI values of field sample localized by GPS were extracted from the

MODIS images.

3.3 Development of regression equation

Statistical analyses were performed to evaluate the applicability of MODIS 250 m VI for vegetation coverage in
Northern Hebei Province. We developed linear and nonlinear (including quadric, cubic, logarithmic, and so on)
regression equations between NDVI values and vegetation cover of field samples of grassland, shrub and forest
respectively. Based on the correlation coefficient of these regression equations, the optimal regression equation was
selected for each vegetation type. Thus, we obtained three optimal regression models corresponding to grassland,
shrub and forest respectively. The similar process was conducted for EVI values.
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Fig.1 The study area and space distribution of field samples

3.4 Verifying accuracy of regression equation

In order to verify prediction accuracy of the optimal regression equation, we tested the predicting results with
independent filed data. Namely, before developing the regression model, we reserved the field data of ten samples of
each vegetation type. Then, Mean Absolute Error (MAE) between the predicted values of vegetation cover based on
the optimal regression equation and corresponding field data was calculated. Thus, based on the mean absolute
errors, the accuracy of selected optimal regression equation can be evaluated. Lastly, the optimal regression
equations for different vegetation type based on NDVI value were compared with that based on EVI value.
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4. Results and Analysis

Table 1 presents a series of optimal regression equation based on NDVI and EVI values for each vegetation type.
Firstly, based on the Correlation Coefficient (R?), the optimal regression equation between NDVI and vegetation
coverage of forest, a quadric curve equation, were selected, which was y = -5.0770+14.2646*NDVI-8.4566*NDVI*
(R*=0.522, N = 45). where y was the vegetation coverage (%). Similarly, a liner regression equation for between
NDVI and vegetation coverage of shrub and other liner regression equation for between NDVI and vegetation
coverage of grassland were selected respectively, which were respectively y = 0.0008+1.0163*NDVI (R’ = 0.522, N
=30) and y = 0.0824+0.9688*NDVI (R’ = 0.522, N = 29). Similarly, the EVI-based optimal regressions equation for
three vegetation type of forest, shrub and grassland were respectively y = 0.6039+0.6491*EVI (R*= 0.259, N = 45),
y = -0.4520+5.1863*EVI-5.3051 *EVI* (R’ = 0.315, N = 30) and y = 0.4150+0.8076*EVI (R*= 0.301, N = 29). The
results show that all optimal regression equations pass significance testing of 0.05, which meet the statistical
demand (p<0.05). Furthermore, judged from the R*, NDVI values reveal a stronger correlation with vegetation
coverage of three kinds of type which are forest, shrub and grassland respectively than EVI values. Especially, the
Correlation between NDVI and vegetation coverage of grassland was strongest, and the R2 reach to 0.644.

As for each vegetation type, verifying results to optimal regression equations using independent field data show
that MAE based on NDVI was lower than that based on EVI respectively, which varies from 0.06 to 0.09 (table 1).
However, MAE based on EVI varies from 0.08 to 0.13 for three kinds of vegetation types. The optimal regression
equation based on NDVI hold more prediction accuracy to vegetation coverage. So the statistic summary showed
that NDVI presented much better results than EVI in the study area.

Table 1. Correlation on NDVI and EVI with natural vegetation cover

Vesetati Vesetafi Correlation Mean
caetation cgetation Optimal Regression Equation Coefficient ~ Sig. Absolute
Index Type 5
(R%) Error
Forest y = -5.0770+14.2646*NDVI-8.4566*NDVI* 0.522 0.000 0.06
NDVI Shrub y =0.0008+1.0163*NDVI 0.448 0.000 0.07
Grassland y = 0.0824+0.9688*NDVI 0.644 0.000 0.09
Forest y =0.6039+0.6491*EVI 0.259 0.001 0.08
EVI Shrub y = -0.4520+5.1863*EVI-5.305 1 *EVI® 0.315 0.006 0.14
Grassland y =0.4150+0.8076*EVI 0.301 0.002 0.13

** significant at p < 0.01.

5. Discussion and Conclusions

Methods and data for assessment and validation of natural vegetation coverage obtained from remote sensing is a
critical issue. Over the last two decades, remotely sensed data has offered a means of measuring vegetation
properties at regional to global scales [13]. MODIS-NDVI and EVI are closely tied to vegetation coverage, therefore
NDVI and EVI will change closely natural vegetation coverage. Previous studies have used NDVI and EVI in semi-
arid climates [14, 15]. But few studies have compared the two indices for natural vegetation coverage of forest,
shrub and grassland in our study area.

This study used MODIS NDVI and EVI, enabling comparison of the two indexes in a continental monsoon
climate. In this study, EVI value would be expected to most closely correlate with natural vegetation coverage in
Northern Hebei Province, because studies show that EVI was developed to improve sensitivity in high biomass
regions, where NDVI tended to saturate [16], and the NDVI can result identifies the loss of dense forest cover
canopies, regardless of forest type [17]. However, the smaller MAE and higher correlation coefficient indicate that
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NDVI can predict more reasonable data than EVI. So, among the two vegetation indices in this study, NDVI is more
perfect for predicting natural vegetation coverage. Many factors can cause this result. Because estimating vegetation
parameters from NDVI or EVI is not straightforward, these remotely sensed indices contain combined information
affected by many factors, such as vegetation phenology, disturbance events, signal contamination, sensor conditions,
and so on [13, 18, 19]. Furthermore, in our study area, the climate is continental monsoon climate of middle
temperate zone. Annual precipitation was lacking. Therefore, this region do not has high biomass, and NDVT is
sufficient for our study area. All these causes can explain perhaps why the NDVI-vegetation coverage regression
model is more perfect than EVI-vegetation coverage regression model.

The results also show that the correlation coefficient between NDVI and vegetation coverage of forest, shrub and
grassland are not very high, and are also not available for all other regions. Perhaps, we can find out some reasons.
For example, owing to the limit of geographic extent and ecological conditions, these collected filed data are clearly
relatively insufficient, which can not provide robust characterization of error in the MDIS product and more
adequate checking to this correlation. Nevertheless, more profound reasons are unclear. Many important questions
need to be study continually in order to both address weaknesses identified in this paper and meet the needs of
scientists who wish to use these results better.

In any rate, our study results exhibited a true situation of correlation on MODIS-NDVI and EVI with natural
vegetation coverage in study area. The conclusions can be drawn that MODIS-NDVI values are more correlation
with field data of vegetation cover and have obvious advantages than MODIS-EVI values in our study area when
predicting the vegetation cover. Moreover, the optimal regression equation based on NDVI stands for better
simulation precision than that based on EVI. This study also suggests that selected optimal NDVI-vegetation
coverage regression mode can be applied to estimate the natural vegetation coverage within the growing season in
our study area.
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