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Abstract:  
This is the second part of two articles dedicated to the use of computer-based tools in the analysis of 
spatial information for forest management.  The aim of this article is to illustrate forest practitioners the 
business opportunities brought by remote sensing in terms of data capture and monitoring forest 
resources in Britain.  Some of these technologies are already mature tools ready for business use and 
may offer a cost-efficient source of information to address specific forest management issues.  Some 
examples taken from our own experience at Forest Research are also included as showcases to 
exemplify these opportunities.  
 
1. Introduction 
When Napoleon said his famous quote: "Un croquis vaut mieux qu’un long discours" (A 
picture is worth a thousand words), he clearly envisaged the power of images to encode 
complex information.  Two centuries later, images of all kinds populate our daily lives.  A 
key for their popularity is their ability to communicate powerful messages in a fraction of the 
time required using just words.  
 
In a previous paper, we introduced the value of maps to represent real life features and 
processes that were spatially distributed (Suárez et al., 2003a).  However, we also stated that 
the flux of information was restricted by the aims of the cartographers.  A map normally drags 
our attention towards certain elements while others are veiled from our scrutiny.  As opposed 
to this situation, remotely sensed images, like the ones you can obtain with any camera, 
sensor, or antenna, can be a priceless source of information because:   
 

·  Remote sensing images are the closest representation to nature you can get.   
·  They are not mediated by others and are devoid of information filters normally 

introduced by map-makers.  
·  As a consequence, images may provide an endless source of information only 

comparable with the number of possible interpretations.  Potentially, this makes them 
the ‘best maps’ you can use.  

 
A good definition of Remote Sensing entails the acquisition of information about the 
properties of an object or phenomenon that is not in contact with the collecting device.  The 
fact that, the term ‘Remote Sensing’ was coined in the late 1950s and formally defined by 
Parker in 1962 at the first Symposium on the Remote Sensing of the Environment in 
Michigan, grants this science a sense of maturity comparable to other more established, and 
probably better known, disciplines within the Earth Sciences.  Papers presented in this 
symposium described the possibilities of aerial photography, airborne radar and thermal 
sensing for understanding and inventorying natural processes from a remote location.   
 
Years later, the definition of remote sensing had to be expanded to accommodate sensors not 
operating ‘near’ the earth’s surface, such as the satellite-borne systems.  Similarly, the list of 
sensors kept growing to accommodate data capturing at any point along the electromagnetic 
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spectrum.  During the last 40 years, different researchers have endeavoured to investigate the 
interactions between any source of radiation and the objects on the ground.  This means that, 
in principle, it should be possible to determine the structural and chemical properties of any 
object being monitored by the way it reflects the incident radiation from a source (mainly our 
beloved sun).  
 
2. The use of remote sensing in forestry: a quest f or information.  
The use of GIS in the British forest industry has led to the development of sophisticated tools 
for forest management, such as the Forester extension to ArcView (Environmental Systems 
Research Institute Inc., 1992-2004, Redlands, California, USA), (see Suárez et al., 2003a).  
However, the use of GIS in an operational context requires up-to-date information about the 
location, condition and sustainability of forest resources.  As the majority of the forestry 
datasets are obtained manually by field inventory, some foresters are starting to consider cost-
effective alternatives.  
 
Over the last ten years, scientific advances in remote sensing have produced a number of 
techniques that can retrieve information for various management areas ranging from strategic 
to operational forestry.  Emerging systems such as Radar, LiDAR or the different optical 
sensors compliment the traditional use of aerial photography.  The advantages of these 
methods are rapid data acquisitions, easy integration to GIS datasets, automated data 
processing and large area sampling.  
 
Commercially available sensors can cover large areas in a fraction of the time required by 
field workers.  In addition, they offer a sampling intensity that approaches full coverage as 
opposed to current selective or targeted sampling by using field plots.  The data are acquired 
in digital form and so information can be processed by a computer and integrated with other 
datasets in a GIS.  Additionally, data may be processed in an automated fashion, minimising 
subjectivity in the interpretation of the images.  
 
However, remote sensing is not seen as a replacement for field surveys.  In fact, both methods 
should work in a complementary way.  Field data are always required to calibrate and validate 
remote sensing analyses.  Likewise, remote sensing can help to add value to field surveys.  
The synergies of both methods should lead to a more efficient system for data capturing to 
render abundant and reliable information.  
 
There are several good examples of published work that demonstrate the use of remote 
sensing in forest management in countries with similar characteristics than Great Britain.  In 
northern Europe, a forest area and volume estimates have been derived from optical satellite 
image data using the k-Nearest-Neighbour (kNN) method (Tomppo, 1990).  Additionally, 
airborne LiDAR is being applied for mapping tree heights at individual tree level (Persson, et 
al., 2002; Hyyppä et al, 2003) or at stand level (Naesset, 2003).  Although not yet used 
operationally, an airborne radar sensor, developed by the Swedish military (CARABAS), 
allows the detection of individual tree heights even within the densest and more mature crops 
(Smith et al., 2001).  Such techniques are already producing interesting results and accurate 
methods for mapping standing volumes.  In Canada, high resolution satellite imagery is used 
for mapping individual tree canopies that subsequently are classified into a species 
distribution map for logging operations (Gougeon and Leckie, 2003).  For a good description 
of relevant operational applications in forestry consult the proceeding of the ForestSAT 
symposium held in Edinburgh in August 2002 (www.forestry.gov.uk/forestsat). 
 
Nevertheless, despite the success of some of these techniques in other countries, the uptake of 
remote sensing methods in Britain has been slow. This may be due to an unwillingness to 
move away from traditional methods also combined to a lack of appreciation of recent 
developments.  This has been reinforced by the apparent high cost of imagery, the limited 
ground resolution of some satellite images, the impact of the endemic cloud cover in the 
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British Isles, the over-reliance on optical methods (especially aerial photography) and the lack 
of staff with remote sensing expertise.  One factor that has led to disillusionment with the 
technology, especially in the analysis of the optical wavelengths, has been the lack of direct 
relationships between remotely sensed reflectance values and those forest parameters of direct 
interest to foresters (e.g. tree density, timber volume, tree heights or mean diameter).  
Therefore, it is rare to find applications directed at the information requirements necessary to 
support tactical decisions at the forest stand or sub-stand levels.  An interview conducted by 
Forest Research across the country between October 2001 and March 2002, showed that a 
third of the forest practitioners were aware of the existence of some remote sensing 
techniques but almost none had ever used any remote sensing product other than ortho-
rectified aerial photographs (Forestry Commission internal communication).  
 
 
3.  New Opportunities  
There are different sensor types currently being used in forestry.  The precise suitability of 
each depends on the scale of study and the nature of the observed objects or processes.  
Perhaps, Aerial Photography is the best known and most popular method in British forestry.  
The familiarity and the availability of expertise with these data, the cost of the aerial surveys, 
the high resolution of the images, and the possibility of processing digital aerial photography 
using off-the-shelf tools included in many GIS packages, contribute to make these data a 
competitive option compared to other techniques.  Manual interpretations of aerial 
photography supported by field surveys have frequently formed the basis for wider scale 
forest inventories.  However, digital photos can also be analysed to produce information about 
forest stand characteristics like stocking densities, standing volume, or mortality rate.  
 
Optical techniques are the most established remote sensing methods in forestry.  Aerial 
photography is also included in this group.  However, aerial photography and digital multi-
spectral data are processed in different ways.  With aerial photography the principal objective 
is to produce an orthorectified product that can be used for manual interpretation.  In addition, 
photogrammetry allows taking quantitative measurements from the imagery.  On the other 
hand, multispectral data relies mostly upon the radiometric information, where the intensity of 
the light reflected or emitted from the ground is measured in a number of discrete bands 
(typically the visible and infrared part of the spectrum).  By comparing the reflectivity of the 
ground in different wavelengths it is possible to relate these data to properties of the ground 
surface and vegetation canopies.  The areas of greatest potential are the assessment of 
stocking levels, the classification of vegetation types and the estimation forest parameters 
such as height, basal area and volume.  Sensors with high spectral resolution can be used for 
mapping forest health in the form of nutrient and moisture deficiencies as well as damage 
caused by pests and diseases.  There are a wide range of satellite sensors offering resolutions 
from 10-30 metres pixels size (e.g. Landsat, SPOT, IRS) to the more recently available sub-
metre resolution instruments offering photographic quality (e.g. IKONOS or QuickBird).  It is 
worth noting that there are a number of companies that operate airborne sensors 
commercially.  The data are more expensive than the satellite data, but offer more flexibility 
in terms of higher spatial resolution and flying opportunities that take advantage of better 
weather conditions.  
 
Radar sensors (Radio detection and ranging) are active systems that emit their own source of 
energy as a radio signal and determine the characteristics of the echo.  They operate in the 
microwave region of the electromagnetic spectrum (mainly X, C, L and P bands).  Each 
wavelength interacts differently with forest canopies allowing a better definition of their 
component parts.  The longer wavelengths (P or VHF) can penetrate the forest canopy to 
some extent and retrieve information of the underlying soil characteristics.  As the 
microwaves are sensitive to forest structure and the moisture content of the canopy they can 
generate fully third dimensional information about the forest canopy.  The new multi-
polarimetric techniques show potential for species discrimination and the interferometric 
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methods can be used to produce digital elevation models (DEMs) and to accurately determine 
tree heights.  As microwaves penetrate clouds, this technique is seen as overcoming some of 
the limitations in applying optical and thermal data in Britain; especially the satellite systems.  
For a good review of radar applications in forestry see Woodhouse (2004).  
 
LiDAR  (Light Detection and Ranging) is an active sensor that emits laser pulses and 
measures the return time for each beam to travel between the sensor and a target using ultra-
accurate clocks.  The location of every return to a known coordinate system is achieved by 
precise kinematic positioning using differential GPS and orientation parameters obtained by 
an Inertial Measurement Unit (IMU).  The majority of commercial systems can collect 
between 20,000 to 75,000 points per second.  The system is capable of achieving high vertical 
and horizontal accuracies, ranging from 15-20 cm RMSE (Root Mean Square Error) vertically 
and 20-30 cm horizontally.  LiDAR instruments can be used to generate canopy height 
models that subsequently provide accurate estimations of important forest parameters such as 
canopy heights, stand volume, and the vertical structure of the forest canopy.  The estimation 
of tree heights is performed by the subtraction of bare ground values from the canopy layer.  
In commercial airborne systems, the canopy layer is estimated from the first laser return, 
which measures the intensity of the signal as it first encounters an object on the ground.  In 
semi-opaque objects like vegetation, the signal will penetrate through them till it runs into a 
barrier.  The last return will provide information about the location and height of the mid-
point of the last strong waveform that is normally associated with the ground (Figure 1).  For 
an extensive review of LiDAR applications in forestry consult the ScandLaser procedures at:  
www-earsel-sig-forestry.slu.se/scandlaser. 
 

 
 

Figure 1.  Interactions between the commercial Airborne Laser Systems (ALS) and the vegetation.  Canopy height 
is estimated as the difference between the first and the last laser returns. 
 
The aforementioned techniques offer a suite of spatial products to aid foresters in the creation 
of an inventory of the forest resources including their location and condition.  This process 
can be repeated at will to monitor management targets over time.  A summary of all these 
techniques can be seen in Table 1.  
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Technique  Application areas  Costs 

(£,s per km 2) 
Advantages  
 

Limitations  

Aerial photography 
 

�� Tree counting / Stocking 
assessment 
�� Windthrow assessment / 
damage detection 
�� Natural regeneration 
�� Manual interpretation 
 
 

From £25 �� High resolution 
(down to < 10 cm) 
�� Tailored to specific 
project requirements 
�� Digital methods 
becoming the norm 

�� High cost 
�� Limited coverage 
�� Spectral resolution 
�� Manual interpretation 

Optical (20-30 m spatial 
resolution) 
 

�� Tree health and nutrition 
�� Forest parameters 
�� Classification 
�� Landscape level inventory 
 

0.01 - 0.60 �� Low cost 
�� 20 - 30 year data 
archive 
�� Wide swath 
�� Uniqueness of 
vegetation spectral 
signature 
�� Range of sensors 
available 
�� Multi-date coverage 
 
 

�� Cloud cover 
�� Spatial resolution 
�� Radiometric 
resolution 
�� External influences 
on canopy reflectance 
 

Optical high spatial 
resolution (< 5 m) 
 

�� Within-stand variability 
�� Tree health and nutrition 
�� Classification 
�� Forest structure 
�� Natural regeneration 

12 - 16 �� High resolution 
�� Uniqueness of 
vegetation spectral 
signature 
�� Potentially high 
repetitive coverage 
 
 
 

�� High comparative 
cost 
�� Cloud cover 
�� Spectral resolution 
�� External influences 
on canopy reflectance 
 

Radar �� DEM production 
�� Tree height monitoring 
�� Windthrow assessment / 
damage detection 
�� Natural regeneration 
�� Volume estimates 
 

0.10 - 0.80, 
depending on 
resolution 
 

�� Active system 
�� Penetrates cloud 
�� Sensitive to forest 
structure 
�� Wide swath 
 

�� Saturation of 
backscatter at high 
biomasses 
�� Speckle reduces 
resolution 
�� Low signal noise 
�� Complexity of 
analytical procedures - 
requires expert 
knowledge 
 
 

LiDAR �� Tree height determination 
�� DEM production 
�� Tree density 
�� Volume estimates 
�� Stocking density 
�� Forest structure 
 

~400 �� Active system 
�� Very high resolution 
�� Good vertical and 
horizontal accuracies 
�� Complex signal 
returns contain rich 
information 
 

�� Expensive 
�� Cloud cover 
�� Airborne only at 
present 
�� Localised coverage 
only 
�� Mainly small footprint 
at present 
�� Large datasets  
 

 
Table 1.  Summary of application areas of digital remote sensing techniques and an overview of their advantages, 
disadvantages and cost (taken from Malthus et al., 2002). 
 
 
4. Examples of applications in British forestry 
In this section, we can see some examples of applications in a British context obtained from 
our experience in Forest Research.  
 
4.1 Tree counting  
This project has been funded by the Policy and Practice Division of the Forestry Commission 
and undertaken by Forest Enterprise and Forest Research in partnership.  The aim is the 
development of a methodology for automatic tree counting in even-aged mature forests using 
commercial photogrammetric products.  The method tries to establish a cost-effective 
alternative to field-estimated tariffing that could be used to update inventory data in the sub-
compartment database.   
 
The method is using an advanced system of image processing based on the eCognition 
software (Definiens Imaging GmbH, 2001; Trappenstreustra� e 1, 80339 Muenchen, 
Germany).  This approach presents a fundamental difference from a traditional pixel-by-pixel 
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analysis.  The program uses a segmentation method that identifies geographical features using 
scale and homogeneity parameters.  After the segmentation, the geographical objects are 
classified according to its probability of being tree crowns.  The criteria for the classification 
look at the characteristics of the reflectance in the three visual bands (red, green and blue) of 
the tree crowns.  The process also assumes a gradual transition from an area of bright values 
at the top of each canopy to darker ones away from the apex (Suárez et al., 2003b).  The new 
methodology has been tried in an area in Kielder forest district. 
 
 

 
Figure 2a.  Original Aerial Photograph covering a 50x50 metres plot in Lewisburn with a pixel size of 25 cm.  

 
Figure 2b.  Initial segmentation in eCognition that differentiates geographical objects based on homogenous 

characteristics in terms of reflectance.  
 

 
Figure 2c  Classification of canopy tops in Lewisburn using eCognition.  The geographical objects are assigned a 
probability of membership to a ‘tree crown’ class.  The strength of the membership is shown by the size of the red 
dots.  
 
The results are exported to ArcView (Environmental Systems Research Institute Inc., 1992-
2004, Redlands, California, USA) for further processing.  Figure 4 shows the whole process 
in one of the monitoring areas in Kielder (Lewisburn).  Tree crowns were assigned to those 
polygons with a probability above 50%.  These probabilities were further divided into 4 
quartiles to show the strength of the belonging to the ‘Apex’ class.  This type of classification 
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proved successful in the estimation of the number of trees per hectare; with predictions above 
93% (see Table 3).   
 

Test area Predicted Observed difference  
Bull Crag 1253 1226 +2% 
Hawk 1140 1224 -7% 
Caponburn 908 876 +4% 
Serpen 2344 2396 -2% 
Lewisburn 3024 3268 -7% 
Aken 1792 1904 -6% 

Table 3.  Predicted number of trees per hectare using eCognition 
 
 
4.2 The use of optical satellite imagery for monito ring forest stands 
This project has been funded by the British National Space Centre (BNSC) Customer 
Partnership Project (CPP) and the European Union LIFE-Environment project ForestSAFE.  
The project has been undertaken by the Department of Geography at Durham University in 
partnership with Forest Enterprise, Forest Research and partners from the Swedish forest 
authorities.  The objective is to investigate the application of Earth Observation data for 
monitoring forest growth and change.  One of the key aspects is the use of a methodology 
similar to that implemented in Nordic countries (kNN) adapted to the British forestry for 
monitoring woodland establishment and growth using satellite imagery.  
 
One of the specific aims of the BNSC study is the evaluation of the most suitable type of 
imagery for predicting key variables at stand level in young plantations to monitor the 
establishment of Sitka spruce new plantings.  The method relates field observations with 
satellite imagery to extend the predictions over a wide area in Galloway Forest District.  This 
technique retrieves strong empirical relationships between a number of stand parameters such 
as mean height and basal area and the reflectance in the different bands of SPOT 4 and 
Landsat 7 satellites (see Table 2).   
 

  Height Diameter Basal Area Age Density 

  (obs=58) (obs=27) (obs=27) (obs=58) (obs=58) 

SPOT 4 
XS 

      

Band 1 Green  
(0.50-0.59mm) 

0.69 0.41 0.61 0.58 0.01 

Band 2 Red  
(0.61-0.68 mm) 

0.72 0.38 0.59 0.59 0.01 

Band 3 NIR (Near Infrarred) 
(0.79-0.89 mm) 

0 0 0.01 0 0 

Band 4 SWIR (Short Wave Infrarred) 
(1.50-1.75 mm) 

0.79 0.36 0.52 0.69 0.01 
 

LANDSAT 
7 ETM 

      

Band 1 Blue  
(0.45-0.52 mm) 

0.72 0.24 0.48 0.65 0.01 

Band 2 Green 
(0.52-0.60 mm) 

0.69 0.35 0.56 0.57 0.01 

Band 3 Red 
(0.63-0.69 mm) 

0.77 0.36 0.6 0.66 0.02 

Band 4 NIR (Near Infrarred) 
(0.76-0.90 mm) 

0 0.01 0.03 0 0 

Band 5 SWIR (Short Wave Infrarred) 
(1.55-1.75 mm) 

0.8 0.33 0.52 0.7 0.03 

Band 7 SWIR (Short Wave Infrarred) 
(2.08-2.35 mm) 

0.82 0.31 0.54 0.74 0.03 

 
Table 2.  Linear relationships between reflectance and a number of stand parameters expressed as a coefficient of 
determination (R2).  The best models were obtained for mean height, age and basal area (Donoghue and Watt,  
2002).  The best correlations in each band are shown in bold.  This analysis shows a general better performance of 
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the Landsat sensor compared to SPOT, despite their differences in spatial resolution (20 m. for SPOT and 30 m. 
for Landsat).   
 
The study has shown that a forest structure in pure Sitka spruce stands can be predicted to a 
high level of accuracy up to the point of canopy closure.  The reflectance of any given pixel is 
made of a combined signal from the canopy and the ground vegetation.  After canopy closure, 
the signal is dominated by tree crown reflectance and remains relatively constant as the crop 
matures.  Therefore, beyond the point of canopy closure it is not possible to predict stand 
characteristics accurately using optical data from the SPOT or Landsat satellites (see Figure 
3).   
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Figure 3.  Linear relationships between reflectance in Band 7 of Landsat ETM+ and mean height.  P- denotes the 
presence of ground vegetations and A- the absence (Donoghue and Watt, 2002).  
 
An additional question within this project is the establishment of the appropriate level of 
ground survey observations required to calibrate measurements derived from satellite 
imagery.  This is determined at approximately one ground survey plot per 200 hectares.  The 
method has recently been applied to Landsat data over Kielder forest district with similar 
results.  
 
Another aim is the use a time series of satellite images to monitor changes, both visually and 
quantitatively, over a large area such as an entire forest district.  This technique has proved 
independent from any GIS data and so can be used to monitor both public and private forest 
plantations.  The application highlights the location of areas affected by windthrow, 
clearfellings, thinning operations and new plantations (Figure 4).  The same methodology 
opens new possibilities for the monitoring of Woodland Grant Scheme boundaries by the 
Forestry Commission.  
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Figure 4.  The monitoring of changes across part of Galloway Forest District (Donoghue and Watt, 2002). 
 
 
4.3 The National Inventory of Woodland and Trees 
The National Inventory of Woodland and Trees (NIWT1) survey created a digital map for all 
woodland of 2 ha and over by forest types.  This was the first exercise of its kind in Great 
Britain.  The project lasted less than 10 years and was finished in 2000.  The identification of 
woodland types made use of 230 x 230 mm stereo aerial photographic paper prints.  The 
aerial photographs were mainly at scales of approximately 1:25,000 that increased to 1:10,000 
in some areas (see Figure 5).   
 
In Scotland, the Forestry Commission (FC) joined partnership and utilised the Land Cover 
Map for Scotland (LCS88, Final Report. © Copyright – The Macaulay Land Use Research 
Institute, Aberdeen 1993).  In England and Wales, contractors were used to carry out air 
photographic interpretation and the production of a digital woodland map based on nine major 
interpreted forest types (IFT): conifer, broadleaved, mixed, coppice, coppice with standards, 
young trees, felled, ground prepared for planting and shrub.  In Scotland, the coppice classes 
were not included. 
 
The second National Inventory of Woodland and Trees (NIWT2) survey is due to start 
between late 2004 and early 2005.  The new method has already being tested using digital 
aerial imagery with a spatial resolution of 25cm to update the existing woodland map.  The 
objective is to map woodland areas greater than 0.5 ha.  The woodland boundaries depicted in 
the Ordnance Survey MasterMap® will be used as ancillary data.  In addition, the new survey 
will try to identify internal forest type details within woodlands as in the NIWT1.   
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Figure 5.  Example of the NIWT1 IFT map 
© Crown Copyright 2004 - Forestry Commission Licence No: GD 100025498 

 
One area of improvement in the second NIWT is the use of Nextmap data from Intermap 
Technologies.  This dataset produces a digital surface model (DSM) from a high resolution 
airborne radar system (IFSAR) using X-band and interferometric techniques.  The product is 
an orthorectified gridded surface that shows the height of all the ground elements at 5 metres 
resolution.  The data are available for England and Wales, being Scotland almost completed 
(http://istore.intermaptechnologies.com/nm_britain.cfm).  An initial experiment at Forest 
Research consisted on the automatic identification of woodland features by subtracting the 
DSM from a high resolution DTM at 10x10m produced by Ordnance Survey.  The result was 
an automated classification of woodland areas as opposed to non-woodland with an accuracy 
of 95% (see Figure 5).  This technique also identified small woodland features smaller than 2 
ha that were ignored in the previous forest inventory.  
 

  
Figure 6.  The Nextmap data produces almost photographic images at 5x5 metres resolution.  The right image 

shows in yellow the identification of woodland features for the same area compared to the manual identification of 
woodlands as obtained in the first woodland inventory (shown in red).  
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4.4 Use of LiDAR for the prediction of tree heights  in homogenous Sitka 
spruce stands 
This project looked at the use of airborne LiDAR to estimate individual tree heights in forest 
stands.  The study area in Aberfoyle Forest District was surveyed with LiDAR at a high 
density of returns per m2 (3-4) that was obtained by repeated pass.  In addition, high 
resolution digital aerial photography (less than 25 cm pixel size) was also taken at the same 
time.  The total area covered by the two sensors was 20 km2 at a cost of £4 per ha.   
 
The work was divided in three stages.  First of all, an algorithm was devised to clean the laser 
signal for the last return in order to retrieve a high resolution digital terrain model of the bare 
ground.  After this, a tree canopy model (TCM) was created as a difference between the laser 
first pulse and the model of the underlying terrain (Figure 7).  Finally, a data fusion technique 
in eCognition combined the three visual bands from the aerial photographs with the elevation 
values in the TCM.  The segmentation process used a similar methodology than in the tree 
counting project.  This time, the search for the tree tops was require for extracting tree heights 
(Suárez et al., 2004).  
 
The comparison between the predictions of LiDAR and the observations in the field (354 
trees) shown that 73% of all the heights were within 1 m; 91% within 1.5 m and 96% within 2 
m.  The analysis of the results also proved consistent for all the diameter distributions (see 
Suárez et al., 2004).  
 

 

 
 

Figure 7.  A Tree Canopy Model is created by the subtraction of the DTM from the original LiDAR first return.  
Example taken in a 50 by 50 m. research plot in Aberfoyle.  The process of analysis produced a tree canopy model 
(TCM) with the height of the vegetation and a second layer with the elevation values of the underlying terrain.  
The red circle in the photo and in the TCM aids the visual location of the tree tops in the photo and the LiDAR 
dataset.  The blue dots in the photo are the location of each tree measured in the field with a GPS and a laser 
relascope.  
 
5. Conclusion  
Recent scientific advances in the use of remote sensing in forestry have produced mature 
techniques ready for implementation in the management of forest resources.  Along with the 
traditional reliance on aerial photography, other systems such as radar, LiDAR, thermography 
and optical sensors, provide forest practitioners cost-effective methods of spatial data 
collection.  In particular, these developments may offer cost-effective solutions to fuel the 



 12

spatial data needs in a GIS, improve field data collection methods and perhaps lead to the 
establishment of new management methods.   
 
In this paper, we presented a quick overview of the main advantages and disadvantages of 
each technique and their potential for application in forest management.  These ideas were 
illustrated with some examples from our own experience in Forest Research in partnership 
with other research institutions.  We may conclude that the future is bright in this area and we 
will see more and more applications being develop in the near future in response to the needs 
of our forest practitioners.  
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