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ABSTRACT: The Virunga National Park was officially listed as a World Heritage Site in 1979. 
In 1994, about 1,5 to 2 million people from neighbouring countries in the east took refuge in the 
Democratic Republic of the Congo and many of them settled into the province of Kivu. Due to 
the destructive effects the refugees had on the Park's ecology, the Virunga National Parc was of-
ficially classified as a World Heritage Site in Danger in 1994. 
The management of the Park is aimed at total conservation, but encounters serious difficulties 
due to social instability, lack of recent maps and the impenetrable character of the area. The use 
of remote sensing has proven to be an effective tool to assist management in areas such as the 
Virunga National Park. 
As a former colony of Belgium, a large number of scientists have been sent to numerous areas in 
the Democratic Republic of the Congo. The results of these missions have often been described 
in mission reports, which have proven to be quite useful for the interpretation of remote sensing 
data. Often, these reports only gave detailed descriptions of certain phenomena like vegetation or 
relief and usually contained black and white photographs of these phenomena. The fact that no 
detailed maps were produced during these missions did not lead to difficulties concerning the in-
terpretation of satellite images. On the contrary, the descriptions of the vegetation groups in 
these mission reports could be translated into a hierarchy of classes with varying biomass. This 
hierarchy of classes could easily be detected on an NDVI-image or on a false colour composite.  
Two vegetation maps were produced, one map showing vegetation on the central and eastern 
volcanoes of the parc and one of the western volcanoes north of Lake Kivu. Vegetation polygons 
were also produced for later use in a GIS. 
Remote sensing techniques have proven to be an effective tool to avoid intensive or even dan-
gerous field campaigns in areas like the Virunga National Park. However, without the reports of 
the past scientific field campaigns, the interpretation of the satellite images would be virtually 
impossible. 

1 INTRODUCTION 

The Virunga National Park is located in Central Africa, in particular in the Eastern part of the De-
mocratic Republic of Congo, on the border with Uganda and Rwanda. It is a part of the Great Afri-
can Rift Valley and is situated in the equatorial zone. In the study we also included the Volcanoes 
National Park which spreads over a wide region between Uganda, DR Congo and Rwanda. Both 
parks host the only remaining mountain gorillas.   
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Figure 1. Situation of Virunga NP and Volcanoes NP  

Virunga National Park was founded in 1925 by the Belgian Colonists. The park was primarily set 
up for scientific research, which is very exceptional in Africa. In addition to scientific research, the 
aim was also to protect the mountain gorilla and the hippopotamus. In the fifties, the decision of an 
integral conservation policy was taken. Because of its outstanding conservation value, the park be-
came a World Heritage Site in 1979. Fifteen years later, the World Heritage Committee decided to 
add the site to the List of World Heritage Sites in Danger. This decision was taken because there 
were (are) several threats to the park. The crisis that has gripped the Great Lakes’ Region in Africa 
for over ten years also had a big impact on the region’s fauna and flora. The economy was in a 
desolate state and people became very poor. That is why some tried to survive by poaching and un-
sustainably harvesting. Between 1994 and 1996, Rwandan refugees came to Congo and were set-
tled in and around the park. This influx had a very negative impact on the biodiversity of the park. 
Supplementary all parks guards were disarmed in 1996 due to lack of finances. Tourism ceased 
completely in the same year, but is nowadays fortunately starting again, which implies an important 
source of income for the park. Today only about 670 mountain gorillas are left. 

The aim of this study is to create a vegetation map of Virunga National Park (inclusive Volca-
noes National Park) by using remote sensing and integrating past mission reports, in order to be 
able to assist in managements and monitoring activities of the sites.  

2 STUDY AREA, SENSOR AND DATA SOURCES 

2.1 Study area 

The study area consists of the southern part of Virunga National Park and Volcanoes National park, 
hereafter named respectively as the area of the Western volcanoes and the area of central and East-
ern volcanoes. Both sites are volcanic regions with a mountainous character with lots of differences 
in altitude. The area of the Western volcanoes comprises two major active volcanoes, namely the 
Nyamuragira and the Nyiragongo, the latter being one of the most active volcanoes in Africa. The 
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volcanoes in the area of the Central and Eastern volcanoes are all extinct. The Karisimbi, Mikeno, 
Visoke, Sabyinio, Gahinga and Muhavura are the six major volcanoes of this area. 

2.2 Choice of sensor 

The choice of sensors is determined by considering four basic aspects: the ground resolution, the 
spectral resolution, the price and the stereoscopic possibilities. Our intention was to use the Terra 
Aster Sensor, but unfortunately there were no cloud free images available of these areas. Therefore 
we chose to use a cloudfree Landsat TM image of 1987.  

2.3 Data sources 

From the 1930’s till the fifties, much detailed work has been carried out in DR Congo largely by 
Belgian scientists. For our study we used two works of this period and one from the seventies: 

Overview of the Vegetation (W. Robyns, 1937) gives general info about the physical environ-
ment and vegetation in Virunga National Park. 

The Vegetation of Nyiragongo ( J. Lebrun, 1942) gives a very detailed description of the vegeta-
tion on this volcano. 

Research program about vegetation in Birunga and Kahuzi-Biega (C. Marius; 1976) resulted in 
two vegetation maps; based on aerial photographs. 

Besides these mission reports we also refer to more recent, but less detailed works.   

3 VEGETATION CLASSIFICATION 

3.1 General

The mission reports were written decades before the Landsat TM scene was taken. This implies 
that it was not appropriate to limit our knowledge to information about where a certain vegetation 
group is located. We had to look for factors which determine the distribution of the vegetation, in 
other words: why do particular species occur on specific spots. Answers to this question allowed us 
to use the old mission reports to interpret the Landsat scene. Four main factors influence the vege-
tation distribution: climate, relief, soil and volcanic activity. 

3.1.1 Climate
In Virunga National Park holds an equatorial climate which implies high temperatures and high 
amounts of rainfall. There are two periods of maximum rainfall: April and October. The Landsat 
scene was taken in August, in the dryer period. Because of the high precipitation and temperatures, 
one would expect dense tropical forest for the whole area when not considering the other influenc-
ing features. 

3.1.2 Relief
The relief influences the temperature and the precipitation. Temperature decreases and precipitation 
increases with increasing altitude. The amount of rainfall only increases until a certain height, 
which has as a consequence that there is a zone of maximum rainfall, here situated between 2200 
and 2500 meters above sea level. The annual precipitation goes up to 2400 mm. 

A striking example about how climate and relief have a combined influence on the distribution 
of the vegetation can be found in the Shaheru adventive volcano. The Shaheru cone is situated on 
the southern slopes of the Nyiragongo. During the night, the air near the summit of the Nyiragongo 
cools down. This colder air descends and is being captured by the cone of the Shaheru. Because of 
the lower temperature vegetation groups which are normally situated higher up the mountain ap-
pear in the cone of this small volcano. 
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3.1.3 Soil
A third major factor that affects the vegetation distribution is soil.  Because of the different periods 
of volcanic activities in both regions, soils in the western region are very different from soils in the 
central and eastern area. Because the Nyiragongo and the Nyamuraghira have only recently 
erupted; the soils in this region are composed of relatively large particles. These soils have low wa-
ter retention capacities and this is the reason why there are so much hard leaf vegetation groups. 

3.1.4 Volcanic activity   
Because the Nyiragongo and the Nyamuraghira are still active volcanoes, their influence on the 
landscape during and after an eruption can be very impressive. The lava fields destroy large areas 
of vegetation where, only after a period of time, well adapted plants are able to colonize the new 
areas. These recent lava fields can easily be recognized on a false colour composite (fig. 2) 

Figure 2: False Colour Composite showing lava fields on the Nyiragongo and the Nyamuraghira. 

3.2 Area of central and eastern volcanoes 

The most important step in the image classification was to look for the right sample pixels. Two 
different methods were used in this study area. We used the two detailed vegetation maps of C. 
Marius (1976). We used these maps as our ground truth by looking for areas we could recognize 
both on the image and on the maps. We used a maximum likelihood classification to classify all 
pixels of the image. The resulting map did not give good results, because its vegetation pattern 
could not be explained by the four main factors that influence vegetation. To improve the classifi-
cation, we tried to interpret the image much more thoroughly. We assumed that changes occurred 
since the moment the vegetation maps were published. By emphasizing interpretation, the resulting 
classification gave good results. The final map (fig. 3) showed a normal distribution of the vegeta-
tion in this part of the park. Vegetation becomes less dense in the higher regions; the most dense 
vegetation groups are located in the lowest regions of the park. Large swamps were classified in the 
crater of the Karisimbi.  
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3.3 Area of the western volcanoes 

Assigning sample pixels in this part of the park was only based on interpretation of the image be-
cause we did not have any detailed map of this region and because the scientific report was pub-
lished in 1942. This means that changes must have occurred since then, because both volcanoes are 
still active. 

We assigned sample pixels to the vegetation classes by using the detailed descriptions in the re-
port of J. Lebrun, (1942). The photographs in the report were very important in the process of in-
terpretation. A detailed study of these photographs gave us information about where the photo was 
taken, about the composition of the different layers of vegetation in the group and about how dense 
a certain vegetation group is. This gave us information about the possible reflection in the near-
infrared wavelengths and this information could be recognized on the Landsat image. 

The map that resulted after a maximum likelihood classification showed good results (fig. 3). 
There is a vertical variation of denseness in the vegetation according to the height on the volcanoes. 
A group of very dense vegetation is situated on the slopes. From this level to the top of the moun-
tains, vegetation becomes less dense. The areas of recent eruptions, which could clearly be recog-
nized on the colour composites, were classified as colonizing vegetation. 

Figure 3. Final map of the study area.  

4 CONCLUSION 

An unsupervised classification did not give good results. The spectral characteristics are not suffi-
cient to distinguish realistic vegetation classes. A supervised classification gave better results. A 
crucial phase in the classification is the assignment of sample pixels to the different classes. There-
fore a detailed study of the region and all its crucial factors that have an influence of the distribu-
tion is very important. A detailed elevation model would be extremely useful as an additional layer 
of information, since the distribution of the vegetation is strongly determined by altitude. 
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After the validation and correction, the maps can by integrated in projects supported by 
UNESCO. The results of this classification and validation can by used to classify more recent im-
ages, and can than be used to study the change of the vegetation over the years. It can be a helpful 
tool in monitoring and management activities. 
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