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ABSTRACT 
This study focuses on the derivation of forest attributes from different types of aerial images. Traditional 
CIR images and new digital Ultracam data were used. From the CIR images a digital surface model was 
calculated. This model and an accurate DTM derived from laser scanner data provided the basis for 
calculating vegetation height. While the results for homogeneous stands were acceptable, poor results were 
obtained for heterogeneous stands due to the fact that the height model does not represent the vertical 
structures of these stands. The age of the forest stands can be estimated from the vegetation height taking 
into account growing conditions. An algorithm was applied to extract stem numbers for each stand based 
on the age and brightness distribution of the orthophoto derived. The stem number results obtained from 
the CIR images are still relatively poor, which might be due to changes of stand structure over the six years 
that passed between the time of image and reference recording. Further investigations should thus be 
performed using ground truth and image data taken at the same time. In order to distinguish between 
spruce and pine trees, a method was developed based on the characteristic two-dimensional crown shape of 
the two tree species. The results are very promising, especially when using Ultracam data. The results 
derived show that more than 75 % of the dominant reference trees representing the natural age classes 
“middle” and “old timber” can be detected correctly using only a single and very simple morphological 
feature. Further accuracy enhancements can be expected from employing a larger number and/or more 
complex features as well as from combining the shape characteristics with the spectral properties of the 
segmented crowns. Additional accuracy tests are, however, necessary to check the commission errors and 
the applicability of the algorithm to sub-dominant and suppressed trees. A different method needs to be 
developed to distinguish younger trees, as their crowns do not yet have a characteristic shape.  
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extraction. 

1 INTRODUCTION 
Forests cover nearly half of Austria’s surface area. They are not only a major economic factor, but also a 
recreational area, an important protection against natural disasters and a reliable indicator of climate 
change. The multiple benefits that derive from a forest in a particular region depend on the geographic, 
climatic and demographic situation of that area. This is why information about forest parameters is 
necessary to help decision makers take the right measures to ensure the ecological and economic health of 
forest stands today and in future. However, this information is not available everywhere. Especially Austria 
with its high percentage of small structured forest property has large areas of scarcely cultivated and 
insufficiently mapped forest. The study was therefore aimed at automatically extracting forest information 
from aerial images in order to lower the cost of traditional information assessment, such as field work. Two 
different types of imagery were available for the investigated test site in Styria (Austria): traditional CIR 
images and digital images from the Ultracam large-format digital camera. The forest attributes “tree 
height”, “stem number” and “tree type” were derived at stand level using the IMPACT image processing 
software developed at the Institute of Digital Image Processing. The study was partly financed by the 
“Factory of Tomorrow” initiative of the Austrian Ministry for Transport, Innovation and Technology 
(BMVIT) and was part of a dissertation granted by DOC-FFORTE [WOMEN IN RESEARCH AND 
TECHNOLOGY], a program of the Austrian Academy of Sciences. 



2 DATA CHARACTERISTICS  
Two different aerial image types were available for the “Burgau” test site, which is located in the south-
east of Austria: traditional colour infrared (CIR) images from 1998 scanned at a spatial resolution of 20 cm 
and digital imagery from the large-format digital camera Ultracam dating from 2004. In the latter flight 
campaign, the spatial resolution was 15 cm for the panchromatic and approx. 45 cm for the four 
multispectral bands. A detailed technical description of the camera and data characteristics can be found in 
[1]. Figure 1 compares the two data sets in a small subset of the test area. For the Ultracam data, the 
producer’s pre-fused product “high-resolution CIR image” is displayed in order to ensure comparability 
with the traditional image (both: band 1 = infrared, band 2 = red, band 3 = green). 

 

Figure 1. Left: traditional CIR image (1998); right: high-resolution digital CIR image taken with Ultracam (2004) 

Fig. 1 shows that the new digital data provide more detailed information due to the higher spatial 
resolution. The small spruce trees in the upper part of the image can easily be differentiated visually, but 
are hardly distinguishable in the CIR image. These two images provided the basis for investigating the 
potential of aerial imagery for forest parameter extraction. 

In addition to optical images, laser scanner data (DSM, DTM, vegetation height) from 1999 were also 
available for the test site. Many investigations carried out in the past have shown that the accuracy of laser 
scanner data is very high. These data were therefore used as a solid reference for the verification of the 
photogrammetric height measurements. The results of a detailed field campaign carried out in summer 
2004 were used as ground truth to calculate the parameter “stem numbers” from the yield table. Reference 
trees were digitised on screen for each image type separately to verify the results of single tree 
classification. 

3 VEGETATION HEIGHT 
Photogrammetry and laser scanning are the most commonly used methods for deriving vegetation height. 
As laser scanning is still expensive, the focus of this study was on automatic photogrammetric 
measurements. The first step thus consisted in the derivation of the digital crown surface model (DSM), 
which - in combination with an accurate digital terrain model (DTM) - was used to calculate vegetation 
height. 

2.1 DERIVATION OF VEGETATION HEIGHT 
Two different software packages were tested for the derivation of the DSM from CIR images: Intergraph 
and RSG (Remote Sensing Software Package Graz). A detailed description of algorithms and achievable 
accuracies can be found in [2]. The comparison showed that the RSG model is more suitable, because it 
better preserves vertical structures within the crown surface. A further important result of the above 
mentioned studies is that it is not possible to model single trees (within the forest) three-dimensionally. The 
calculation of a mean stand surface only is possible. A digital terrain model is needed in addition to the 
crown surface model to obtain the tree/stand height. For this purpose, the accuracy of the official Austrian 
DTM with a ground resolution of 10m was investigated. The comparison of this DTM with a DTM derived 
from laser scanner data showed errors of 10 m and more [see 2] for forested areas. It can thus be stated that 



the official Austrian DTM is not accurate enough for the calculation of vegetation height and could 
therefore not be used for this purpose. The filtered last pulse data (DTM) of a laser scanner campaign 
conducted in 1999 were used instead. The model’s accuracy was checked by more than a hundred 
terrestrial GPS and geodetic measurements and varies between 18 and 45 cm. For a detailed description of 
the filter algorithm applied to DTM derivation, see [3]. 

Methods for calculating “mean” stand height had been developed in previous studies [4] and included 
different calculations: 

- the “real” mean (of all values), 
- the mean of all values greater than 0 (negative values might be possible as well) and 
- the mean of the highest 50 % (75 %) of the values (mean50/75).  
The mean50 value best fitted the “mean stem height” from the yield table. It showed a correlation 

coefficient of 0.9 and was, therefore, used for all further calculations.  

2.2 ACCURACY ASSESSMENT 
The mean50 from the CIR images was compared to the mean50 of the laser scanner data. The correlation 
accuracy for quite homogeneous stands was sufficient (R² = 0.8852, see Fig. 2), while results for 
heterogeneous stands differed significantly from the ones derived by means of laser scanning. The overall 
R² including these heterogeneous stands was 0.7164. 

 

Figure 2. Result of mean stand height: CIR image heights from 1998 plotted vs. laser scanner heights from 1999 

3 ESTIMATION OF STEM NUMBERS 
The stem number has been the subject of detailed investigation over the past few years. There are two 
possibilities of stem number estimation: from optical data only or from the combination of optical data 
with surface or vegetation height models.  

As regards the first category, Pinz [5]detected so called “blobs”, i. e. brighter parts in an aerial image, as 
early as 1994. In the following years, a lot of algorithms were developed aiming to count the trees and/or to 
delineate the tree crowns. Some papers on this topic were published, e.g., by [6], [7], [8], [9] or [10]. The 
results vary considerably, most of the algorithms show very good accuracies under ideal conditions, as for 
example for plantations, but their applicability to natural forests has so far been investigated only for a few 
of the algorithms. The precondition for all calculations is the assumption, that a tree is brighter than its 
surroundings. This idea is also used in the method presented in chapter 3.1. 

The second category was mainly developed using laser scanning data (e. g. [11], [12], [13]) or 
incorporating DSMs from photogrammetric measurements of optical data [14] or interferometric 



measurements of SAR data [15]. They mainly deal with high resolution DSMs, where single trees can be 
detected and counted directly. 

3.1. METHOD 
As already mentioned, the DSM derived from the CIR images could not be used for single tree recognition, 
because the derived surface was too smooth. Another approach based on brightness values of the infrared 
band was therefore applied. In optical imagery, the location of the brightest part within a crown depends on 
its position within the aerial image. Nonetheless, if every tree is represented by one intensity maximum, the 
number of trees can be assessed by counting the number of the detected maxima. In many cases, however, 
one crown is represented by more than one maximum. For this reason the minimum distance between the 
detected maxima should be integrated into the filtering process. In order to define this distance, an 
empirical regression analysis was used to calculate the mean distance in dependence of tree age. Based on 
comparable stand conditions and the knowledge of tree species, the age of the forest can be roughly 
estimated from the mean stand height derived. 

3.2. RESULTS 
The stem numbers, which served as ground truth for quality control, were estimated by means of yield 
tables based on the stand condition as well as age and stand density recorded in a forest inventory carried 
out in 2004. As the reference data were taken 6 years after CIR image acquisition, areas of apparent re-, de- 
and afforestation were excluded from the accuracy check. As expected, extreme errors occurred in the 
calculation of stem numbers of multi-layer stands due to the results of mean height calculation. Two 
reasons for these errors were identified: Firstly, suppressed trees, which have much more influence on the 
stem number of the whole stand than older trees, are not sufficiently represented in the mean50. Secondly, 
sub-dominant or suppressed trees are often not illuminated and thus do not show any intensity maxima. 
Therefore, these stands were also excluded from the accuracy check. 

Errors also occur when calculating stem numbers of very young homogeneous stands of up to approx. 
30 years of age, as individual trees are not visible due to the extremely high stem density and, therefore, 
groups of trees are represented by only one maximum. This phenomenon has also been reported in [8]. The 
following diagram shows the results of stem number calculation for the 23 remaining stands.  
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Figure 3: Stem number/ha for each stand calculated from CIR images plotted vs. yield table figures 

The low accuracy (R² = 0.57) might be due to changes that occurred in the six year period between 
image and ground truth recording and that were not obvious, e.g. thinnings. Additionally, the stem 
numbers from the yield table are average figures and might be not representative of the study area. 



Furthermore, the algorithm still has some weaknesses and further investigations are needed to improve the 
results. 

4 TREE SPECIES DIFFERENTIATION 
Tree species classification using very high resolution imagery is mainly based on the spectral values of the 
pixels (traditional pixel-based classification) or on statistical values of objects obtained from segments 
(object-based classification). Good results for species classification have been reported in various papers, 
which, however, usually deal with single aerial photos. When analysing areas covered by more than one 
image, however, it must be taken into consideration that the statistics of training areas collected in one 
image might not be transferable to neighbouring images. The method developed is thus based more on 
structural features than on radiometric properties. For example, the star-like shape of a spruce crown in 
comparison to the compact form of a pine crown could be used as a criterion for differentiation. Figure 3 
shows two characteristic crowns of the species under investigation, left columns depicting the subsets from 
the traditional aerial images and the right two columns showing the same trees in the Ultracam data. 
Some limitations must, however, be taken into account: first, it is only true for natural age classes older 
than thicket, because younger trees do not yet have the distinct crown shape. Second, tree shape varies 
depending on the viewing angle. The subset used should therefore not be too far away from the nadir point. 
Using a similar approach, Erikson [16] successfully processed data up to a maximum viewing angle of 
25.22°. 

Traditional CIR image Digital Ultracam image 
Spruce Pine Spruce Pine 

   
(a) (b) (c) (d) 

Figure 3. (a) spruce and (b) pine in traditional CIR image (1998); the same trees, (c) spruce, (d) pine, mapped by the 
digital camera (Ultracam, 2004) 

Only few authors actually deal with the recognition of tree types based on shape features. One example is 
Persson et al. [17], who worked on “rotational symmetries”. Another very recent method, which uses the 
same approach as this paper was presented by Erikson [16]. The main differences can be found in the 
method of seed finding and in the morphological measures. 

4.1. METHOD 
The method developed is based on a “seeded region growing” algorithm (SRG). The seeds are found in a 
similar way as in the stem number calculation already described. A method with fixed seed distances was 
used resulting in two different seed files: The first file was calculated with a minimum distance of 300 cm, 
which is best suitable for spruce trees and the second one with a minimum distance of 600 cm, which is 
best suitable for pine trees. Seeds representing deciduous trees were eliminated by using threshold 
operations. In a next step, two SRG operations using the same parameter setting were performed based on 
the corrected seed files resulting in two different segmentations (referred to here as SRG 300 and SRG 
600). It was found out that the parameters must be adjusted according to the radiometric characteristics of 
the images (CIR and Ultracam).  
To optimise the results of the SRG process, an allocation file (based on the Euclidean distance) was 
integrated to avoid unnaturally elongated tree crowns. This is particularly required if the crowns are not 
well separated. This procedure only leads to satisfactory results if the seed lies in the centre of the crown 
and if only one seed is detected within a crown. Otherwise the SRG would split up the crown. To solve this 
problem, procedures “dragging” the seeds to the centre of the crown need to be applied.  



To improve the SRG results, further post-processing was necessary in order to drop small islands 
(<1m²) within the crowns (see Fig. 4d – dark dots). The results of the method are illustrated by way of 
example in Figure 4 (same trees as in Fig. 3). The Figure shows that the depicted spruce and pine trees are 
delineated quite well in both images. Furthermore it can clearly be seen that the external border of pines is 
much smoother and less jagged than the border of spruce trees. 

 
Traditional CIR image Digital Ultracam image 
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Figure 4. Example results (outlines) of SRG process: (a) spruce and (b) pine in traditional CIR image (1998); (c) 
spruce, (d) pine mapped by the digital camera (Ultracam, 2004) 

After crown delineation, the segments were classified based on their shape characteristics. The 
area/perimeter ratio, which is the simplest morphological feature, was calculated and a threshold operation 
performed. The spruces were classified in the SRG result from SRG 300 using an area/perimeter threshold 
of < 0.5 and the pines in the SRG result from SRG 600 using an area/perimeter threshold of > 0.43. After 
this simple classification, the two layers were combined. Intersections (rules for both tree types true) were 
classified as pines, because the pine classification rule is stricter and therefore more reliable. 

4.2. RESULTS 
The accuracy check was based on dominant trees selected by means of visual interpretation of the image 
data. For each selected reference tree, a point was digitised at the centre of each crown (see Fig. 5).  

 

Figure 5: Test area (Ultracam data) with reference trees (blue dots = pines; yellow stars = spruces) 

The reference tree points were intersected with the combined classification image and the numbers of 
correctly identified trees, misclassified trees and completely missed trees were counted. If a crown was 



split into sub-segments (see e.g. Fig. 4c) and a reference tree point was located within a correctly classified 
sub-segment, consequently this tree was counted as correctly classified. Commission errors could not be 
evaluated, because the reference trees represent only a selection of trees. The results of the verification are 
displayed in Table 1. 

Table 1. Results of the spruce – pine segregation process 

Correctly identified  Misclassified Omission  Tree 
type 

No. 
reference 

trees No. [%] No. [%] No. [%] 

spruce 216 144 66.67 47 21.76 25 11.57 
CIR pine 233 135 57.94 48 20.60 50 21.46 

spruce 183 139 75.96 13 7.10 31 16.94 
Ultrac
am pine 173 131 75.72 16 9.25 26 15.03 

 
As expected, the results for the Ultracam data are far better, because tree crowns are displayed more 

distinctly due to the higher resolution. The omission errors are nearly the same for both image types due to 
the same procedure of seed generation, while the number of misclassified trees is three times higher for the 
CIR image. As shown in other papers [6, 8], higher resolution leads to a significant improvement in single 
tree detection. This can also be confirmed by this study. It must be mentioned, however, that the accuracy 
check was based only on dominant, clearly visible older trees. Further checks need to include also sub-
dominant and suppressed trees – as far as they are visible in the image. Additionally, commission errors 
need to be evaluated and a procedure to distinguish younger spruce and pine trees needs to be developed. 
First tests employing texture calculations have already shown some promising results.  

6 SUMMARY AND OUTLOOK 
In this study different forest parameters were estimated based on CIR and digital Ultracam images. The 
mean stand height was calculated using a photogrammetric DSM derived from CIR images and an accurate 
digital terrain model derived from laser scanner data. The mean stand height was calculated with an 
adequate accuracy, except for heterogeneous stands characterised by a marked vertical structure. The 
results for the estimation of stem numbers proved to be less satisfactory. The segregation of spruce and 
pine was performed successfully in both image types, but the Ultracam results showed higher accuracies. 
The final results for the Ultracam data showed a classification accuracy of nearly 76 % for the reference 
trees. Other morphological measurements and the spectral properties of the segments should be tested to 
further improve accuracy. Additionally, the influence of viewing angle on the shape characteristics of trees 
need to be investigated. In general, further adjustments and optimisation are still necessary to obtain more 
applicable results. Nonetheless, the method proposed is a further step towards extending the application of 
remote sensing data in forest management. 
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