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ABSTRACT: This paper addresses the feasibility of using lidar and hyperspectral data in order to discrimi-
nate between forest stands on the basis of species and age. The red edge position (REP) is computed for each 
hyperspectral pixel, using derivative-based methods. The spatial distribution of REP correlates well with spe-
cies type and clearly distinguishes the broad-leaved category and as well as allowing discrimination of conif-
erous types in terms of species and age. The addition of mean canopy height, derived from co-registered first
and last return Lidar data, helps to improve the discriminating power of the procedure.

1 INTRODUCTION

In the United Kingdom, the Forestry Commission 
manages several forest plantations and these planta-
tions are mainly of coniferous type. Accurate spatial 
and temporal information about forest properties in 
these managed stands is required in order to support 
sustainable forest management. For instance, one 
needs to understand the influence of forest species 
and age on the spectral and spatial characteristics of 
vegetation in order to be able to monitor the forest 
more effectively. Thus, with the use of a viable dis-
criminating technique, discernible information per-
taining to species and age could be extracted from 
within and across the forest stands.

Remote sensing techniques have been and are in-
creasingly being used to measure and map forest 
properties. In order to be able to map forest species 
and age classes accurately, one may either use high 
spectral or high spatial resolution sensors. Ad-
vancement in imaging technology has led to the evo-
lution of hyperspectral sensors. These sensors pro-
duced several hundreds of narrow, contiguous bands 
that enable us to extract finer and more detail infor-
mation about the horizontal distribution of forest 
cover types. But the spatial organisation of forest 
characteristics is related to the vertical structure. 
Currently, one active remote sensing technique that 
could provide measurement of the properties of the 
vertical structure of the forest directly and more ac-
curately is airborne laser scanning or LiDAR. There-
fore, the sensible exploitation of these two kinds of 

data sets, in the analysis of the forest properties 
would help improve the mapping of forest stand pa-
rameters.  

The use of hyperspectral data for forestry studies 
has been widely reported in the literature and only 
few were about mapping the forest of various spe-
cies and/or of different ages. The studies were either 
using the in-situ (Gong et. al., 1997) or airborne hy-
perspectral data (Schlerf et. al., 2002). It is a norm 
that all studies involving remotely sensed data would 
consist of data collection, processing and analysis 
stages. The ultimate remotely sensed measure is then 
validated against ground measurements. Thus, the 
information content in hyperspectral data is en-
hanced by the ability of image analysis techniques to 
extract subtle structural information from the im-
agery. Generally there are two types of analysis 
techniques that are used to estimate forest variables 
from reflectance measurement, i.e. either the use of 
canopy radiation model or empirical spectral indices. 
Most of the studies of biophysical analysis using hy-
perspectral data over a forest landscape have used 
the empirical spectral indices to relate spectral data 
with forest structural variables. The estimates from 
this relationship may be used to characterise the for-
est in terms of inventory or biophysical parameters 
(Wulder, 1998). Amongst those of (inventory pa-
rameters) are species, growth stage, canopy closure, 
volume, basal area and height; while those of (bio-
physical parameters) are Leaf area index (LAI) and-
biomass. To discriminate and diagnose the forest 
features with regard to species and age would re-
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quire an analysis of the spectral data in relatively 
narrow wavebands. Many studies have demonstrated 
the use of narrow spectral bands in the red and NIR 
region. The reflectance characteristic within this re-
gion that is most sensitive to ‘stress-induced’ change 
is the red edge. The issue of sensitivity of red edge 
spectral parameters to canopy structure is less dealt 
with due to lack of suitable airborne/field data 
(Zarco-Tejada and Miller, 1999).

The red edge region is a characteristic feature of 
the spectral response of vegetation. It is the region in 
the vegetation spectrum in which the steep rise in re-
flectance at the transition from Red to NIR wave-
lengths. The feature covers a fairly wide region from 
680 to 750 nm (Horler et al., 1983). To make com-
parison between vegetation species, one can quantify 
the region into a single value known as the Red edge 
position (REP). This is the point of maximum slope 
detected on the Red-NIR spectral curve of a particu-
lar vegetation species. The work reported in the lit-
erature regarding the use of red edge spectral indices 
were mostly tested and evaluated using high-
resolution field or laboratory spectra at leaf level 
rather than at canopy or stand level (Zarco-Tejada et 
al., 2001; Blackburn, 2002). Hitherto, the focus of 
these work is on a controlled single species vegeta-
tion (Barnsley et al. 2003) . Guyot et al (1992) found 
that at canopy level, the shift of the red edge position 
is controlled by canopy Leaf Area Index (LAI), leaf 
chlorophyll content and leaf inclination angle. Ar-
guably, the vigour, vertical distribution (i.e. height) 
and species composition, which were found to affect 
the spectral response of forest canopies (Price, 1986) 
should influence these variables, which in turn affect 
the position of the red edge . REP is an often-used 
measure of plant vigour and its ‘characteristics’ fea-
ture should provide a distinguishing behaviour of the 
spectral variations of the response of canopies of 
each forest stand in terms of age, species and height. 
These stands not only consist of the planted (conifer) 
trees but often several other layers of canopy ele-
ments such as shrubs and small trees. Analysis of the 
Lidar returns will give the mean canopy height of all 
trees in each stand.

The objectives of this paper are thus: 
1. To explore the feasibility of using the airborne 

hyperspectral data to map and characterise forest 
cover by the use of red edge spectral index, the 
Red Edge Position (REP). 

2. To characterise the relationship between the REP, 
species type and stand age. 

3. To determine the relationship between REP and 
Lidar-derived canopy heights. 

2 STUDY AREA AND DATA 

2.1 Study area 

The area of study is a managed plantation at Thet-
ford Forest, about 45 km west of Norwich in the 
District of East Anglia, U.K. It is the largest man-
made pine forest in Britain. The geographical co-
ordinates in metres based upon the U.K. National 
Grid range from East 582000 to 585000 and from 
North 284000 to 287000. The plantation consists 
mainly of coniferous with some of broadleaved de-
ciduous types too. The conifer species are of Corsi-
can Pine (CP) – Pinus nigra var calabrica and Scots 
Pine (SP)- Pinus sylvetris L. with the CP being 
dominant.  

2.2 HyMap airborne hyperspectral data 

During the U.K’s SAR and Hyperspectral Airborne 
Campaign” (SHAC) campaign in June 2000 (Den-
niss and Bunn, 2001), one aircraft was fitted with a 
hyperspectral sensor. The sensor was HyMap (ab-
breviated from Hyperspectral Mapper), an Imaging 
spectrometry sensor operated by Australia’s HyVista 
Corporation and developed by Integrated Spectron-
ics. The aircraft with the sensor onboard flew over 
eleven research sites in U.K. and one of them was 
Thetford Forest. HyMap operates in a whiskbroom 
manner and records 126 spectral bands across the 
entire visible to shortwave infrared (450 – 2500 nm) 
wavelength. The spatial resolution of the instrument 
is 3-5 m, with a 1.3-2.3 km swath width respec-
tively. The sensor systems were designed to produce 
images with high signal-to-noise ratio and low in 
image defects. Table 1 shows the spectral character-
istics of the HyMap sensor systems used. 

Table 1. Spectral characteristics of the HyMap sensor (modi-
fied from Cocks et. al. 1998). 

Module VIS NIR SWIR1 SWIR2 

Spectral

Range(µm)

0.45-0.89 0.89-1.35 1.40-1.80 1.95-2.48 

Bandwidth 

across 

module(nm)

15-16 15-16 15-16 18-20 

Average 

spectral

range(nm) 

15 15 13 17 

2.3 Airborne laser scanning or Lidar data 

The Lidar data was acquired by an aircraft, fitted 
with an Optech ALTM 1210 laser sensor, which 
flew over the Thetford forest on 10 June 2000. The 
scanner emitted laser pulses at a wavelength of 1047 
nm and each pulse recorded first and last return of 
the surface objects being strike by the laser beam. 
The footprint size of this laser beam is approxi-
mately 0.21 m. The scan generated a saw-toothed 
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pattern of point-sample records of x,y and z co-
ordinates. These coordinates are delivered in the 
WGS84 system initially. To convert them into the 
UK system, they are transformed into the OSD36 
datum to give the coordinates in terms of British Na-
tional Grid (BNG) coordinates.

2.4 Ground measurement 

In order to validate the airborne remotely sensed 
measurements and the processed digital models, spot 
heights measurements were taken around the study 
site. An open or treeless area within the stands was 
determined as a site for establishing a ‘reference’ 
Digital Elevation Model (DEM). A Global Position-
ing System (GPS) survey was first conducted to 
provide a network of ground controls around the 
study area. Then the heights of points at random po-
sitions relative to the shape of the terrain were ob-
tained by trigonometric heighting survey.

3 METHODOLOGY

3.1 Red edge position mapping from HyMap data 

The sunlight, reflected off the surface of the earth is 
modified by the characteristics of the ground cover.  
The interaction of sunlight with that type of ground 
cover produces a ‘spectral signature’ of that particu-
lar ground cover. HyMap hyperspectral sensor 
measures and records the amount of energy incident 
in each of the spectral bands for each pixel. It is 
known that the spectral reflectance response from 
vegetation is quite variable with wavelength. Basi-
cally, within the VIS region, there is a high absorp-
tion in the Blue and a slightly reduced absoption in 
the Red wavelengths. A very high reflectance and 
transmittance occurs in the near IR region, a region 
of the Red edge. The reflectance response from the 
stand is, in fact, an integration of the individual re-
sponses of the trees, soil and moisture present in that 
stand. Soils typically have high or modest response 
in the red and IR, whereas green vegetation must 
display low values in red and NIR. Therefore, it is 
important to first separate the soil reflectance from 
the vegetation reflectance.   

To map using the red edge spectral parameters, 
first and foremost is to estimate accurately the loca-
tion of the red edge point on the spectral curve. 
Three principal techniques that have been used; 
namely the Linear method (Guyot et al.1992), Gaus-
sian technique (Miller et. al., 1991) and the Lan-
grangian interpolation (Dawson and Curran, 1998). 
The approach used in this paper is based on the de-
rivative-based methods (Mather 1998). However, the 
drawback with this method is its sensitivity to noise 
in the reflectance data. The differentiation of the re-
flectance spectra will amplify the noise. As a result, 
some form of smoothing or filtering is required prior 

to carrying out derivative analysis. A promising 
technique that has been extensively studied is the 
use of the wavelet-based de-noising technique (Shaf-
fri and Mather, 2002). The procedure used to derive 
the red edge position map is summarised in the fol-
lowing paragraphs. 

Firstly, pixels not belonging to vegetation were 
masked out using vegetation index ratio of the Infra 
Red (IR)/Red band with a specified threshold. The 
two bands of HyMap used were band 25 and 15 re-
spectively with a threshold of 3.0. Secondly, the 
program will de-noise the reflectance data using 
wavelet transform and generate a derivative image. 
Next, the algorithm locates red edge position on 
each individual pixel when local maximum of the 
first derivative spectrum coincides with the ‘zero-
crossing’ of the second derivative. A linear interpo-
lation pertaining to the derivative curve gave the po-
sition of the red edge. Finally, the red edge spectral 
image was generated after applying the computing 
procedure to all non-masked pixels of the image in 
the study area. 

In this study, the red edge position image was 
then geo-registered to the required U.K. projection 
and datum. 

3.2 Derivation of mean canopy heights from Lidar 
data

The airborne laser scanner data supplied by the 
U.K’s .Environmental Agency were in ASCII format 
consisting of first and last return data. Basically, the 
processing of these Lidar returns produces the Digi-
tal Surface Model (DSM), Digital Elevation Model 
(DEM) and Digital Canopy Height Model (DCHM). 

Theoretically, if the first returns exactly represent 
the returns from the ‘top-of-canopy’ and the last re-
turns representing the returns from the terrain, then 
their arithmetical differences are the tree heights. In 
other words, DCHM is the difference between DSM 
and DEM. But in actual fact, this is not as straight-
forward as it seems to be. There are different levels 
of processing stages that have to be taken into ac-
count before the height of any surface objects could 
be obtained. To derive for an accurate DEM under 
the forest canopy, by itself, has been a topic of ongo-
ing research (e.g. Kraus and Pfeifer, 1998). So, in 
the case of Lidar sensor systems that give dual re-
turns, the generated last return DSM was thus used 
to derive for the DEM. To assess for its accuracy, 
the DEM was validated against the ‘reference’ 
DEM, which has been established from the field 
measurement. The per-pixel subtraction of the DEM 
from the first return DSM gave the DCHM. Because 
of the unavailability of tree height measurements 
around the study area, the derived canopy heights 
were compared with the predicted heights computed 
from the growth & yield model equation. 
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3.3 Construction and identification of relationship 
between REP and forest variables 

To carry out the correlation analysis and investigate 
the relationship between REP and the variables age, 
and species, the regions within the forest stands on 
the HyMap REP image of the study area have been 
identified and extracted based on the following crite-
ria: 

1) Old growth broadleaved deciduous and coni-
fers; 

2) CP species from all available ages ; 
These criteria were the control variables that de-

termine the response of the REP in relation to them. 
A relationship of REP against each criterion was 
plotted and their relationship thus characterised. The 
derived canopy heights from the analysis of Lidar 
first and last returns and the REP values were ana-
lysed . Subsequently, a general relationship between 
them was established.   

4 RESULTS AND DISCUSSION 

4.1 Species discrimination 

The result of the computation of the red edge posi-
tion wavelength was mapped into five main classes 
as shown in Figure 1. The REP classes indicate a 
clear distinction between the broadleaved deciduous 
and evergreen conifers. This was validated against a 
digital vector map produced by the Forestry Com-
mission GIS. The lowest end of the range, in green 
(720-723 nm), constitutes the REP at the shortest 
wavelength. It is most likely that the trees in this 
category are in stress or senescence. Based on the 
‘reference’ vector map, red edge spectral informa-
tion of these stands is from the old-growth planta-
tions. The top two higher range of the class, in cyan 
(732-736 nm) and blue (736-739 nm) respectively, 
indicate that the vegetation characteristics of the red 
edge shift towards the longer wavelength. These are 
the compartments containing the broadleaved de-
ciduous species such as Poplar, Beech, Birch and 
Oak. On the other hand, the middle-ranged class cor-
responds with young and medium-aged Corsican 
Pine stands. Therefore, it is evident from visual in-
terpretation that red edge spectral parameter is able 
to discriminate well between broadleaved and coni-
fer category. At the same time, based on age, it has 
also the ‘characteristic’ feature to distinguish within 
the conifer species, i.e. the young and old Corsican 
Pines.

4.2 Correlation analysis 

As shown and stated in the preceding section, the 
REP visually exhibits a longer wavelength in the 
broadleaved types in comparison to conifers. This is 
supported by Table 2, which shows the mean value

Figure 1. Spatial distribution pattern of forest cover types using 

the Red edge position mapping.

of REP of 56 or 57 years old species, together with 
their respective standard deviations (S.D.). The REP 
value also indicates that Oak has the longest wave-
length with the smallest bias. As far as the conifers 
are concerned, Corsican pines have a slightly greater 
REP wavelength than the Scots pine. There might be 
a possibility that Scots pines are more stress-induced 
or disease infested. It could be pointed out that Cor-
sicans might have a higher leaf area ratio and/or 
chlorophyll content over the Scots pine. 

Table 2. The mean REP of each two of conifer and broadleaved 
deciduous species stands whose age is either 56 or 57 years old 

Species Mean REP (nm) S.D. (nm) 
Corsican 724.64 0.67 
Scots 724.32 0.72 
Poplar 728.08 1.14 
Oak 729.67 0.55 

In Figure 2, a correlation was established for the 
Corsican pines encompassing all age range within 
the study area. The age ranges from as young as one 
year to 73 years old. The correlation depicts a curvi-
linear relationship between REP and age. It was 
found that the polynomial function to the order of 4 
best represent the pattern distribution of the data 
(R

2
=0.89).

720-723 nm

724-727 nm 

728-731 nm 

732-735 nm 

736-739 nm 

N

188 J.R. Abdul Hamid, P.M. Mather & R.A. Hill



Figure 2. Scatter plot of REP for all-aged Corsican Pines.   

The mean canopy height from Lidar correlates well 
with predicted heights computed from Growth 
&Yield model (top) height (r = 0.974).       

Age has a direct relationship with height and the 
height of living beings usually stops when they 
reach the age of maturity. Therefore it is hypothe-
sised that REP correlates well with the growth rate 
and the vertical structure of the species. The rela-
tionship between REP and height for the Corsican 
Pines was established and shown in Figure 3. 

Figure 3. REP and Height relationship from young to old Cor-

sican pines 

There is a positive correlation between the REP and 
height since the Corsican’s early development until 
it reaches about 20 years old. After that the REP be-
gins to shift towards a shorter wavelength while the 
tree itself seems to keep on growing. An approxi-
mate first indication, based on the graph, depicted 
that at the age of 50 years, the REP and height of 
Corsican pine are approximately 724 nm and 25 me-
tres respectively. Table 3 below shows the correla-
tions that have been established among Age, REP 
and height of Corsican pine species for the study 
site.

Table 3. A correlation matrix of Age, REP and height for Cor-
sican pines species 

 Age REP Height 
Age 1 -0.124 0.768 
REP -0.124 1 0.274 
Height 0.768 0.274 1 

5 CONCLUSION 

The emergence of hyperspectral sensors with high 
spectral resolution, no doubt, will continue to en-
hance the remotely sensed estimates of forest canopy 
structural properties. This study has shown the po-
tential of red edge spectral parameters in discrimi-
nating the forest cover types according to their age 
and species. The broadleaved deciduous and conifers 
were easily distinguishable on the red edge position 
map. It was also evident that broadleaved species 
have a higher REP wavelength than the conifer spe-
cies. Meanwhile, Corsican pines depicted a slightly 
longer wavelength position of the red edge feature 
compared to Scots pine. 

We have determined that the relationship between 
REP and age regresses non-linearly characterising a 
polynomial trend of order 4. However, the deduced 
relationship needs to be examined further using 
more representative samples. 

The canopy height from the analysis of first and 
last returns airborne Lidar data show good correla-
tion with the REP. From the study, an inverse rela-
tionship happened when the conifers (in this case the 
Corsican pines) have reached a presumably full 
grown stage. However, more samples that can cover 
every possible age range will most likely character-
ise a better relationship between the variables. This 
would be the challenging task of the future study.

The results from this study describe our prelimi-
nary work on the feasibility study of the fusion of 
hyperspectral and lidar data in forest applications. 
We will continue to explore and establish useful re-
lationships among red edge reflectance, lidar and 
canopy characteristics such as Leaf area index (LAI) 
in our future work. An extensive ground sampling of 
the study area would be the next immediate task 
ahead.
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