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Abstract: The spectral reflectance data and canopy leaf area index (LAI) of some representative campus 

vegetation was measured at their beginning and the end of growth period, which was carried under the natural 

condition in Chengdu University of Technology. Based on analysis of canopy spectral reflectance curve of 

different cumulative sample capacity, the distinct and sensitive point or wave on the curves of various types of 

vegetation at their different growth stages was determined by the method of differential spectrum, characteristic 

bands extraction and correlation analysis, etc. And then the ratio vegetation index (RVI) and difference 

vegetation index (DVI) was extracted from canopy hyperspectral data collected to analyze the correlation 

between LAI and vegetation index. The results show that RVI has good relation with LAI. The research had got 

the correlation between the spectrum characteristics of campus vegetations and the correlation between 

vegetation spectrum and vegetation index, which supplies a reference for the research of other vegetation 

Spectral reflectance characteristic, and also provides theoretical basis for vegetation remote sensing dynamic 

monitoring. 
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1. Introduction 
 

Vegetation is an important influence factor of human 
living environment. Identifying vegetation 
characteristics correctly is the basis work of 
ecological research. At present, the methods for 
recognizing vegetation characteristics mainly include 
field survey, image interpretation and digital remote 
sensing. Traditional field survey needs manpower, 
material, financial resources and time to identify 
vegetation and its cover changes[1]. Moreover, the 
limitation of this approach is very large, and it is also 
difficult to meet the needs of vegetation study[2]. 
 

In the remote sensing study of vegetation, the 
images acquisition from traditional remote sensing 
and multispectral remote sensing are often only have a 
few discrete band of space information, radiation 
information and spectral information, besides, the 
amount of information is discontinuous and not rich 
enough, and it will also lose lots of useful 
information, all of the problem are influenced and 
constrained by band width, the number of bands and 
wavelength position. However, hyperspectral remote 
sensing, which had broken this bottleneck, greatly 
reduced the difficulty in identifying vegetation 
characteristics and classifying imprecisely[3-4]  It 
provides vast amounts of data for identifying 
vegetation characteristics and vegetation growth 
dynamic monitoring technology, and it also benefits 
the monitoring of plant growth and grasps the 
characteristics of plant growth[5-7]. 
 

At present, many scholars, at home or abroad, did lots 

of research on hyperspectral data and achieved good 

results, such as the large area crop yield estimates [8-

9], crop pest monitoring and forecasting[10-11],  

dynamic change monitoring of the growth status [12-

13], large-scale vegetation interpretation[14-16] and 

so on. But the research on artificial vegetation canopy 

spectral characteristics by hyperspectral remote 

sensing is relative vacancy. This paper used the 

existing vegetation and instruments, selected typical 

artificial vegetation in Chengdu University of 

Technology, determined spectral information of 

vegetation and the corresponding leaf area index in 

the natural condition, and then analyzed vegetation 

canopy spectral characteristic curve and the 

relationship between vegetation index and leaf area 

index to provide theoretical and data basis for remote 

sensing image interpretation. 
 

2. Data 
 

2.1. Acquisition and Processing of Spectral Data 
 

The acquisition of spectral data in this study was 

carried out in indoor and outdoor, respectively. The 

typical green vegetation measured were 22 species in 

total, 11 of which were selected according to the data 

quality and divided into three kinds: arbor, bush and 

herb. The sample classification is shown in Table 1. 

When measured indoors, the researcher made the 

sample of vegetation leaves that was collected in 

advance measured under the condition of artificial 

light source, and got the leaves spectral reflectance 

curves of different vegetation types. When measured 

outdoors, the researchers used the ASD Field Spec 

http://cn.bing.com/dict/search?q=manpower&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=manpower&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=material&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=financial%20resources&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=and&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=energy&FORM=BDVSP6&mkt=zh-cn
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Pro, whose effective band is between 350~2500nm. 

The field experiment is done from October 2013 to 

April 2014. To avoid the errors of vegetation 

spectrum due to the different environmental 

conditions, it is necessary to  make the following 

operation: Firstly, each sampling point must do the 

white correction in the process of the spectral 

measurement; Secondly, reflective spectra were 

measured between 10:00-14:00 on the clear day, in 

order to reduce the influence of different solar zenith 

angle on the reflectivity; Thirdly, some spectral band, 

which is serious influenced by water vapor 

absorption, were removed to remove the impact of 

water vapor, which was facilitate the following 

analysis of spectral curves; Fourthly, in order to 

remove the random noise, each sample was measured 

9 times, and then the average value is taken as the 

final value of the spectrum, complete with ENVI, at 

the same time smoothing effect is shown in Figure 1. 
 

Table 1:   sample vegetation classification 
 

Vegetation type Selected vegetation 

Arbor Willow, Ligustrum, Ginkgo, Cedar 

Bush 
Pittosporum, Wintersweet 

Lobular privet 

Herbaceous 
Ophiopogon japonicus, Fern,  

Bamboo, Agrostis, 
 

 
 

 
 

Figure 1: The Ophiopogon japonicas spectral curves 

of nine measurements (upper) and their mean 

value(lower) 
 

2.2 Determination of Leaf Area Index 
 

Leaf area index (LAI) refers to the ratio of the total 

area per unit of land plants and land area, which is one 

of the important parameters in ecosystem research[17] 

In the spectral sample area, the researcher utilized 

SUNSCAN2000 canopy analyzer to measure 

corresponding LAI for each sample. Because the leaf 

layer depth is different, the value of LAI is different, 

so keeping the same height every time when measured 

is necessary, by this way, it is conducive to analyze 

and comprise observation data that measures at 

different observations in different time. 
 

3. Method 
 

3.1. Differential derivative spectra method 
 

The spectral line of vegetation is similar, the peaks 

and valleys appear in the similar band, but there 

are differences in part of reflectance peaks and 

troughs, which are the characteristics 

of vegetation spectral curve. Vegetation canopy 

spectral reflectance characteristics usually contain 

reflection or absorption intensity characteristics, 

waveform characteristics, index characteristics and so 

on. For the effective spectral analysis, we need 

enhance the spectral characteristics; the main methods 

are including spectral derivative method, spectral 

differential method, normalization method and 

continuum removal method. 
 

Various linear and nonlinear transformations can be 

used for the plant spectrum. And its first order   

differential transformation can reduce the difference 

of the nonsensitive spectral bands of vegetation, and 

distinguish the difference of the sensitive band. It is 

beneficial to extract the different vegetation band. 

Therefore, first order differential method was used to 

extract the different band from hyperspectral data 

samples data and to analyze its feature. By comparing 

spectral reflectance characteristics and its differences 

between the original and the first-order differential 

spectrum curve, the characteristic spectral curve of 

arbor, bush and herb can be analyzed in the same 

growth period of the same plant type or in the same 

kind of different growth periods, the 

parameter information of the red edge slope and the 

position of red edge can also be analyzed. 
 

3.2. The vegetation index model method 
 

The vegetation index is often used to estimate 

biophysical and other biochemical parameters such as 

vegetation leaf area index, etc. The paper mainly 

dealed with each canopy spectral band of the campus 

typical vegetation based on hyperspectral technology, 

and then generated two common vegetation indexes, 

respectively ratio vegetation index (RVI) and 

difference vegetation index (DVI). Red band that has 

strong absorption in the vegetation and the near 

infrared that has high reflectance on the vegetation 

was selected to analyze the correlation between 

vegetation index and leaf area index, and then 

determined the best vegetation index which was 

sensitive to the LAI. RVI is the reflectance ratio 

between in near infrared region and the red region. It 

can be formulized as the following equation: 
 

21  RVI                               (1) 
 

where 1 is near infrared reflectance, 

2 is red band reflectance. 
 

http://dict.youdao.com/w/thirdly/
http://dict.youdao.com/w/fourthly/
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DVI is the reflectance difference in near infrared 

region and the red region, the formula is as follows: 
 

21 -  DVI                                (2) 
 

where 1 is near infrared reflectance, 

2 is red band reflectance. 
 

4. Analysis of canopy spectral sensitivity 

characteristics 
 

4.1. Analysis of arbor canopy spectral sensitivity 

characteristics 
 

4.1.1. The Different Arbor Canopy Spectral 

Characteristics in Same Growth Period 
 

Four kinds of arbor, namely, Ligustrum, Willow, 

Cedar and Gingko, were selected to research their 

canopy spectral reflectance characteristics. Their 

canopy spectral reflectance curves and the first order 

differential spectral curves of canopy spectral 

reflectance curves in the same growth period were 

shown in Figure 2. From the figure, it can be seen that 

the canopy spectral reflectance curves of four arbors 

formed a reflection peak near 550 nm and an 

absorption trough near 675 nm. What’s more, the first 

order differential spectral curves formed reflection 

peaks both in near 500 nm and 700 nm to 750 nm, its 

red edge feature were obvious. 
 

 
 

Figure 2: The different arbor canopy spectral 

reflectance curves in the same period (upper), and the 

first order differential spectral curves of canopy 

spectral reflectance curves (lower). 
 

4.1.2. The Same Arbor Canopy Spectral 

Characteristics in Different Growth Period 
 

Ginkgo’s canopy spectral reflectance characteristics 

and the first order differential spectral curves of 

canopy spectral reflectance curves in the beginning 

and the end of growth period were shown in Figure 3. 

By comparing the spectral reflectance in different 

growth periods, it can be found that Ginkgo’s red 

edge slope peak in the end of growth period is higher 

than that in the beginning. This was due to the canopy 

spectral reflectance characteristics of vegetation, 

which was not only related with the chlorophyll 

content, but also associated with the water in the 

vegetation, the content of water and chlorophyll in 

vegetation reduced in the end of growth period. It can 

be seen from the first order differential curves, there 

was large difference between two growth seasons of 

red edge slope, and red edge of Ginkgo moved to 

short wave, appear blue shift. 
 

 
 

 
 

Figure 3: The canopy spectral reflectance curves of 

Ginkgo in the different growth periods (upper), and 

the first order differential spectral curves of Ginkgo in 

the different growth periods (lower). 
 

4.2. Analysis of bush canopy spectral Sensitivity 

characteristics 
 

4.2.1. The different kinds of bush canopy spectral 

characteristics in same growth period 
 

Three kinds of bush like Pittosporum, Winter Sweet 

and Lobular Privet were selected to analyze the 

canopy spectral reflectance characteristics of bushes. 

Their canopy spectral reflectance curves and the first 

order differential spectral curves of canopy spectral 

reflectance curves in the same growth period were 

shown in Figure 4. The canopy spectral reflectance 

curves of them were similar, and all of them formed a 

reflection peak near 550 nm and an absorption trough 

near 675 nm, on account of the impact of chlorophyll 

a, b, carotenoids and lutein content on visible band 

canopy reflectance; From the first order differential 

curves, which formed reflection peaks at 520 nm, 710 

nm and an absorption trough at 570 nm, it can be seen 

that the red edge features of three bushes were 

obvious, 
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Figure 4: The different kinds of bush canopy spectral 

reflectance curves in the late growth period (upper), 

and the first order differential spectral curves of 

canopy spectral reflectance curves in the late growth 

period (lower). 
 

4.2.2. The Same Kind of Bush Canopy Spectral 

Characteristics in Different Growth Periods 
 

Lobular Privet was selected to analyze canopy 

spectral reflectance characteristics of the same kind of 

bush in different growth periods. The canopy spectral 

reflectance curve and the first order differential curves 

of canopy spectral reflectance curves of Lobular 

Privet in the beginning and the end of growth period 

were shown in Figure 5. It showed that in the visible 

band, the canopy spectral reflectance in the beginning 

of growth period was greater than that in the end, and 

 the reflectivity in the beginning was almost close to 2 

times than that in the end, but it was opposite after 

740nm, where formed a reflection peak at 550 nm 

both in the two periods. From the first order 

differential curve, the canopy spectral reflectance in 

the end of growth period changed more than it in the 

beginning, and appeared blue shift. 
 

 
 

 
 

Figure 5: The canopy spectral reflectance curves of 

Lobular Privet in the different growth periods 

(upper), and the first order differential curves of 

Lobular Privet in the different growth periods 

(lowert). 
 

4.3. Analysis of Herb Canopy Spectral Sensitivity 

Characteristics 
 

4.3.1. The Different Kinds of Herb Canopy Spectral 

Characteristics in Same Growth Period 
 

Four kinds of herb like Agrostis, Ophiopogon, Fern 

and Bamboo were selected to analyze the canopy 

spectral reflectance curve and the first order 

differential spectral curve of canopy spectral 

reflectance curves in the same growth period (Figure 

6). In visible band, there are some differences in the 

spectral curves of four kinds of herb, formed a 

reflection peak at 550nm and an absorption trough 

near 675nm. Similarly, one order differential spectral 

curve of these four kinds of herb shows some 

characteristics in the visible band, and the red edge 

slope of them formed reflection peaks at 520 nm. 
 

 
 

 
 

Figure 6: The different kinds of herb canopy spectral 

reflectance curves in the same period (left), and the 

first order differential curves of canopy spectral 

reflectance curves (right) 
 

4.3.2. The Same Kind of Herb Canopy Spectral 

characteristics in different growth periods 
 

Taking bamboo as an example to analyze the spectral 

reflectance of herb canopy in different growth 

periods, the canopy spectral reflectance curves and 

their first order differential curves of canopy spectral 

reflectance curves of bamboo in different growth 

periods were shown in Figure 7. It can be seen from 

the canopy spectral reflectance curves that the canopy 

spectral reflectance of bamboo in the end of growth 

period was highest, and in the near infrared band, the 

reflection in early growth period did not reach 50% of 

the late. From the first differential curve shows that 

the red edge slope peak of bamboo in different growth 

periods didn’t have any significant change, the 

phenomenon of blue shift is obvious; the content of 

chlorophyll and water were decreased and the spectral 

reflectance of bamboo leaves were enhanced. 
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Figure 7: The canopy spectral reflectance curves of 

bamboo in the different growth periods (upper), and 

the first order differential curves of canopy spectral 

reflectance curves (lower). 
 

5. The relationship between vegetation index and 

leaf area index 
 

The linear and nonlinear models was built and drawn 

with each vegetation index and its corresponding LAI 

measured in the field. The vegetation index was 

calculated with 810nm of near-infrared band and 

670nm of red band from the testing hyperspectral data 

of campus representative vegetation. It can be seen 

from Figure 8-12: 
 

(1) There is a high correlation between RVI and LAI, 

The relationship may be linear and the linear 

model is y=0.195x+0.580, the coefficients of 

determination is good (R
2
=0.657) (Figure 8). The 

relationship may be exponential and the 

exponential model is y=1.287e
0.063x

, the 

coefficients of determination is good (R
2
=0.618) 

(Figure 9). The relationship may be second order 

linear and the second order linear model is y=0. 

y=-0.007x
2
+0.448x-1.290, the coefficients of 

determination is good (R
2
=0.698) (in Figure 10). 

(2) There may be a certain relationship between DVI 

and LAI by comparing the DVI and LAI. If there 

is a certain linear relationship, the formula is y = 

6.777 + 0.594 x, the coefficient of determination 

is R
2
 = 0.560, as shown in Figure 11; If there is a 

exponential relationship between DVI and LAI, 

the formula is y = 1.226 e
2.306 x

, the coefficient of 

determination R
2
 = 0.595. As shown in Figure 12. 

 

 
 

Figure 8: The linear relationship between LAI 

and RVI (810, 670) 
 

 
 

Figure 9: The exponential relationship between LAI 

and RVI (810, 670) 
 

 
 

Figure 10: The second order linear relationship 

between LAI and RVI (810, 670) 
 

 
 

Figure 11:  The linear relationship between LAI 

and DVI (810, 670) 
 

 
 

Figure 12: The exponential relationship between LAI 

and DVI (810, 670) 
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6. Conclusion 
 

By analyzing the original vegetation spectral 

characteristics of different types in different growth 

periods, the characteristics of the first-order 

differential curve and the relationship between the 

vegetation index and corresponding LAI, the 

following conclusions can be drawn: 
 

(1) The band where the red edge slope peak appeared 

in the end of growth peiriod is is less than that in 

the beginning of growth period, so that the 

maximum red edge slope of the band can be 

taken as a sensitive point to distinguish the same 

vegetation growth final period from the 

beginning period. 

(2) The spectral characteristics of vegetation are 

affected not only by the types of vegetation, but 

also by the growth period of itself. In different 

growth period, the different content of 

chlorophyll and moisture in the leaves result in 

different reflectance spectra not only among the 

the same vegetation in different growing period 

but also among the different vegetation in the 

same growing period. 

(3) The correlation analysis between LAI and RVI, 

DVI,which were caculated from the band needed 

by extracing hyperspectral data, presents that the 

correlation between RVI and RVI is good. 
 

This study has certain reference significance for the 

research of vegetation recognition, classification, the  

dynamic monitoring of vegetation growth and the 

establishment of remote sensing inversion model. 
 

Because of the various objective factors limit, 

especially influenced by the weather, the experimental 

days are not enough and the number of collected 

samples is insufficient, moreover, spectral data and 

leaf area index data are limited, and they all have 

certain influence on the spectral data analysis. 

Therefore, we need a further study to remove the 

objective factors to improve the accuracy of the use of 

spectral data, and get wider application. 
 

7. Acknowledgements 
 

This study is supported and funded by Open Research 

Fund by Sichuan Engineering Research Center for 

Emergency Mapping & Disaster Reduction (Program 

SN): K2015B003; Specialized Research found for the 

Doctoral Program of Higher Education (SRFDP): 

201351221200092013; the ministry of land and 

resources Key Laboratory of Geospatial information 

technology topics (KLGSIT2013-02). 
 

References 
 

[1] Y. Q. Liang and H. Zeng, “Application of 

hyperspectral remote sensing in identification of 

vegetation characteristics”, World Forestry 

Research, 22. 1, 41-47，2009. 

[2] Z. H. Yang, J. F. Han, D. P. Gong, Z. X. Li, “The 

development and application of hyperspectral-

remote-sensing technology”, Hydrographic 

Surveying and Charting. 23, 55-58, 2003. 

[3] Q.X. Tong, B. Zhang and L.F. Zheng, 

Hyperspectral Remote Sensing: Principle, 

Technology and Application, Higher Education 

Press,  2006 

[4] M. L. Clark, D. A. Roberts and D. B. Clark, 

“Hyperspectral discrimination of tropical rain 

forest tree species at leaf to crown scales”, 

Remote Sensing of Environment, 96. 3, 375-398, 

2005. 

[5] L. Tarpley, K. R. Reddy and G. Sassenrath, 

“Reflectance indices with precision and accuracy 

in predicting cotton leaf nitrogen concentration”, 

Crop Science, 40. 6, 1814 -1819, 2000. 

[6] W. J. Huang, J. H. Wang, L.Y. Liu, C. J. Zhao, 

X. Y. Song, Z. H. Ma, “Correlation between 

grain quality indicators and spectral reflectance 

properties of wheat canopies by using 

hyperspectral data from winter wheat”, 

Transactions of the CSAE, 20. 4, 203-207, 2004. 

[7] X. C. Zhu, G. X. Zhao, T. Lei, “Reflective 

spectral characteristics of apple florescence 

canopy”, Transactions of the CSAE, 25. 12, 

180－186, 2009. 

[8] Q. Sun, X. X. Zheng, D. L. Liu, “Overview on 

application of hyperspectral remote sensing to 

acquisition of investigation data of cutting areas”, 
Forest Resources Management, 2006.5, 92-96, 

2006. 

[9] D. G. Goodenough, J. Pearlman, H. Chen, A. 

Dyk, T. Han,  J. Y.  Li, J. Miller, K. O. Niemann, 

“Forest information from hyper-spectral sensing”, 

Geoscience and Remote Sensing Symposium, 

2004. IGARSS '04. Proceedings. 2004 IEEE 

International   04, 2585- 2589, 2004. 

[10] P. Bunting, R. Lucas, “The delineation of tree 

crowns in Australian mixed species forests using 

hyper-spectral Compact Airborne Spectrographic 

Imager (CASI) data”, Remote Sensing of 

Environment, 101. 2, 230-248, 2006.  

[11] W. Liang, “Preliminary studies of artificial 

spectral characteristic”, Northwest A. & F. 

University, 2010.  

[12] J. L. Ba, “Study on estimating LAI and FAPAR 

from hyperspectral data in crop canopy”, 

Huazhong Agricultural University. 2013. 

[13] X. Q. Wang, L. Y. Ma, Z. K. Jia, C. Y. Xu, 

“Research and application advances in leaf area 

index (LAI)”, Chinese Journal of Ecology, 24. 5, 

537-541, 2005.  

[14] L. F. Zhao, “Estimating forest leaf area index 

using hyperspectral remote sensing data of 

Hyperion”, Beijing Forest University, 2007.  

[15] T. He, Y. Cheng, J. Wang, “The technology and 

method of field spectrometry”, China Land 

Science. 16. 05, 30-36, 2002. 
 

http://202.115.129.141:8000/rewriter/CNKI_YC/http/dota9bmjh9mds/kns/popup/knetsearchNew.aspx?sdb=CJFQ&sfield=%e4%bd%9c%e8%80%85&skey=%e6%a2%81%e5%b0%a7%e9%92%a6&scode=22073465%3b06272092%3b
http://c.wanfangdata.com.cn/Periodical-lyzygl.aspx
http://c.wanfangdata.com.cn/periodical/lyzygl/2006-5.aspx
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.D.%20G.%20Goodenough.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.J.%20Pearlman.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hao%20Chen.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.A.%20Dyk.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.A.%20Dyk.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tian%20Han.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tian%20Han.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.J.%20Miller.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.K.%20Olaf%20Niemann.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9436
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9436
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9436
http://c.wanfangdata.com.cn/Periodical-stxzz.aspx
http://c.wanfangdata.com.cn/periodical/stxzz/2005-5.aspx

