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ABSTRACT

In the context of developing a practicable and cost effective method for obtaining a country’s 

forest area by remote sensing, the computer processing of NOAA AVHRR HRPT data 

covering Liberia was investigated. The only cloud-free scene then recorded turned out to be 

severely and unevenly affected by atmospheric haze. To mitigate the effects of this, the 

country was divided into six areas (strata) of more uniform haze conditions. Pixel DN values 

were obtained for forest and adjoining formations on transects within each stratum, for the 

first four AVHRR channels and three transforms: NDVI (2-1/2 + 1), IND3 (3-2/3 + 2), 

IND4(4-2/4 + 2). After analyzing the transects and comparing them with the available 

reference data (a mixture of large scale colour composite Landsat TM and MSS images for 

1989 and 1986 respectively), channels 2, 3, 4 and IND3 were retained for processing. This 

was done by applying three methods to each stratum - thresholding, maximum likelihood 

classification using clustering signatures (hybrid), m.l.c. using training area signatures - and 

directed at separating the 5 main classes distinguishable on the Landsat images: Closed forest, 

Disturbed forest, Shifting cultivation and regrowth, Cultivation and Other. 

Mainly due to the haze, the separation of Forest and Disturbed forest within some of the strata 

was not consistent for the three methods. The data were, therefore, processed to separate only 

Forest from the other classes. Results were evaluated by analysis of their internal consistency 

and comparison with the Landsat images. The difference between the three methods, for 

Forest area as percentage of total stratum area, ranged between 3.2% and 8.4%. The Forest 

area for the whole of Liberia obtained by thresholding and by the hybrid classification 

differed by only 6 sq km. However, with the third method the difference amounted to 1922 sq 

km, or 4.1% of the average of the largest and smaller forest area obtained by the three 

methods - 46,525 sq km. Agreement between the results and the TM images was judged to be 

generally good (the MSS images were extremely poor), although lack of ground truth and 

other factors militated against obtaining forest area from the images. The same scene was 

available in the form of 4 km GAC data and the same six strata as used for the HRPT data 

were thresholded with IND3 to separate the same classes, with satisfactory results. 

Thresholding was found to be the most practical and directly interactive method. The IND3 

transform displayed the highest sensitivity to variations of vegetation cover apparent on the 

Landsat images and lent itself well to thresholding. Although no quantitative assessment of 

the results was possible, the evaluation which could be made was taken to indicate that even 

under the unfavourable conditions of this investigation, and for the purposes of global 

monitoring, the HRPT data provided an acceptably reliable figure for one class of Forest over 

the country as a whole. The same appeared to be true for GAC data, though with lower 

accuracy as was to be expected. It was also maintained that, under more favourable 

conditions, more than one class of Forest could be reliably mapped for Liberia by the method 

favoured here. 
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RESUME

Cette étude porte sur le traitement numérique de données NOAA AVHRR HRPT du Liberia 

dans le cadre du développement d’une méthode pratique et économique visant à déterminer 

par télédétection la couverture forestière d’un pays. La seule scène existante ne présentant pas 

de nuages était particulièrement affectée par la brume atmosphérique, et ce d’une façon 

irrégulière. De ce fait, le pays fut divisé en six strates présentant des conditions de brume plus 

homogènes. Pour la forêt et les formations voisines, les niveaux de gris des pixels furent 

extraits selon des transects dans chaque strate à partir des quatre premières bandes AVHRR et 

de trois transformations: NDVI (2-1/2+1), IND3 (3-2/3+2), IND4(4-2/4+2). Après l’analyse 

des transects et la comparaison avec les données de référence disponibles (composition 

colorées Landsat TM et MSS à grande échelle de 1989 et 1986 respectivement), les bandes 

2,3,4 et IND3 furent choisies pour le traitement. Trois méthodes furent appliquées a chaque 

strate: seuillage, classification par maximum de vraisemblance à partir des signatures 

obtenues par une classification non supervisée (classification hybride), classification par 

maximum de vraisemblance à partir des signatures des zones d’entrainement. L’objectif était 

d’identifier les 5 classes principales pouvant être séparées sur les images Landsat: Forêt 

dense, Forêt dégradée, Culture itinérante et repousse, Cultures et Autres. 

Notamment du fait de la brume, la séparation au sein des strates entre Forêt dense et Forêt 

dégradée n’était pas la même dans les trois méthodes. Les données furent donc traitées pour 

séparer seulement la classe Forêt des autres classes. Les résultats furent évalués en analysant 

leur cohérence et par comparaison avec les images Landsat. En ce qui concerne le 

pourcentage de Forêt par rapport a à totalité de la strate, la différence entre les résultats des 

trois méthodes se situe entre 3.2% et 8.4%. Pour la classe Forêt relative a la totalité du 

Libéria, une différence de 6 km² seulement apparut entre les résultats obtenus par les 

méthodes de seuillage et de classification hybride. Cependant, pour la troisième méthode, la 

différence était de 1922 km² soit 4.1% de la moyenne de la plus grande et plus petite surface 

forestière obtenue par les 3 méthodes (46.525 km²). Les résultats obtenus furent considérés 

satisfaisants par rapport aux images Landsat TM (les images MSS étant de faible qualité), 

même si le manque de vérité terrain compliquait l’identification des zones forestières sur les 

images. La même image NOAA AVHRR était disponible en données GAC 4km. Comme 

dans le cas précédent a partir des données HRPT, les mêmes classes furent séparées par 

seuillage des données IND3 sur les six strates, avec un résultat satisfaisant. 

La méthode de seuillage fut la plus pratique et la plus interactive. La transformation IND3 

montra la plus grande sensibilité aux variations de la couverture végétale apparaissant sur les 

images Landsat et fournit des résultats satisfaisants avec la méthode de seuillage. Une 

évaluation quantitative des résultats ne fut pas possible. Malgré les conditions de réalisation 

de cette étude, pour des activités de suivi global, il est apparu que les données HRPT 

fournissent un chiffre d’une fiabilité acceptable pour une classe de Forêt relative à la totalité 

du pays. C’est aussi le cas, mais avec une précision moindre en utilisant les données GAC. II 

apparait également que dans de meilleures conditions, plus d’une classe de Forêt pourrait étre 

cartographiée de maniêre satisfaisante avec la méthode présentée. 
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SUMARIO 

Con el fin de desarrollar un método factible para obtener el área forestal de un país mediante 

percepción remota, se ha realizado un estudio del procesamiento computerizado de los datos 

de NOAA AVHRR HRPT concernientes a Liberia. La única imagen despejada disponible 

resultó seriamente afectada por la niebla atmosférica irregular. Para atenuar tales efectos, se 

dividió el país en seis estratos con condiciones atmosféricas más uniformes. Se obtuvieron 

valores Pixel DN para bosques y formaciones contiguas trazando linéas dentro de cada 

estrato. Se obtuvieron valores para los 4 primeros canales AVHRR y 3 transformaciones: 

NDVI (2-1/2 + 1), IND3 (3-2/3 + 2), IND4 (4-2/4+ 2). Después de analizar las líneas 

transversales y compararlas a los datos de referencia disponibles (una combinación de 

imágenes Landsat TM y MSS en color y a gran escala para los años 1989 y 1986 

respectivamente), se retuvieron los canales 2,3,4 y IND3 para procesamiento. Esto se hizo 

aplicando 3 métodos a cada estrato para separar las 5 categorías principales visibles en las 

imágenes Landsat: Montes densos, Montes degradados, Agricultura migratoria y rebrotes, 

Cultivos, Otros. 

Sobre todo debido a la niebla, la distinción entre Montes y Montes degradados en algunos 

estratos no ha sido constante aplicando los tres métodos. Por consiguiente, los datos fueron 

procesados para separar solamente la categoría de los Montes de las otras categorías. Los 

resultados fueron analizados según su consistencia interna y en comparación con las imágenes 

Landsat. La diferencia entre los resultados de los tres métodos, tomando la superficie de 

montes como porcentaje de la superficie total de los estratos, se ubicaba entre el 3,2% y el 

8,4%. La superficie forestal total para Liberia obtenida a partir del primer método y de la 

clasificación híbrida difería sólo en 6 km². Sin embargo, con el tercer método, la diferencia 

fue de 1.922 km² es decir 4,1% del promedio entre los valores extremos de la superficie 

forestal obtenidos con estos tres métodos - 46.525 km². La concordancia entre los resultados y 

las imágenes TM se estimó satisfactoria en general (las imágenes MSS eran muy pobres), 

aunque la falta de evidencia del suelo y otros factores no permitieron la obtención de la 

superficie forestal a partir de las imágenes. Se utilizó la misma imagen bajo la forma de datos 

GAC 4 km. El método de límite de valores the aplicado solo con IND3 en los 6 mismos 

estratos previamente utilizados para separar las mismas categorías, con resultados 

satisfactorios. 

El método de límites de valores resultó ser el más práctico y el más interactivo. La 

transformación IND3 mostró la mayor sensibilidad a las variaciones de la cobertura forestal 

visible en las imágenes Landsat y demostró ser particularmente adecuado al método de límites 

de valores. A pesar de que ninguna estimación cuantitativa de los resultados fue posible, la 

evaluación realizada indicó que aún bajo las condiciones poco favorables de esta 

investigación, los datos HRPT proporcionaron una fiable para una clase de montes a nivel del 

país. Esto también se verificó para los datos GAC aunque con menos exactitud. Además, se 

sostuvo que, bajo condiciones más propicias, más de una categoría de montes podría ser 

mapeada para Liberia según el método aquí elegido. 
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1. INTRODUCTION

Quantitative information on the extent, nature and dynamics of the tropical forest cover are 

required for a better understanding of global environmental processes and more specifically as 

a basis for the control of deforestation and forest degradation. To meet these objectives the 

area of different classes of forest cover and how this is changing over time needs to be known. 

Such detailed information can best be obtained from multi-date high resolution satellite data 

i.e. Landsat or SPOT. However, the cost and other aspects of such an undertaking for the 

entire tropical domain have so far restricted this to the execution of a sample survey. There 

was consequently an incentive to investigate the extent to which different forest cover classes 

could be identified on satellite data of much lower resolution, for which AVHRR 1km data 

was the obvious candidate. In principle, at least, the much lower cost and reduced detail of 

such data would permit a complete baseline assessment to be carried out in an acceptable 

time. 

Numerous authors (e.g. Townshend and Tucker 1984, Justice et al. 1986, Kerber and Schutt 

1986) cite the high temporal frequency of AVHRR data acquisition, more or less daily when 

data recorded off-nadir is included, as one of its most useful attributes. In theory, this should 

improve the probability of obtaining cloud-free data in the tropics, compared to the 18 or 26 

day repeat cycles of Landsat or SPOT respectively. In practice this is not always the case. 

Paivinen and Witt (1989), for example, evaluated about 30 AVHRR scenes over West Africa 

none of which was cloud free. Our own experience, for West Africa, Central Africa and 

Indonesia, bears out the difficulty of assembling regional AVHRR cover with uniformly 

favourable conditions. This is compounded when only dry season data can be used and by the 

need for recent data to assess the present state of forest cover. 

The present study was undertaken in support of an ongoing FAQ project in Liberia, rather 

than as an exhaustive scientific study. It was therefore confined to the area of Liberia, for 

which there was the prospect of collecting ground truth under the auspices of the project, 

which was also due to produce a land cover map from high resolution satellite data; in the 

event, however, none of this materialized. At the time, one contemporary dry season AVHRR 

scene on which Liberia was completely cloud free was available. However, this unique scene 

exhibited dense but variable atmospheric opacity over almost the entire country. It was 

suspected that this was due variously to haze, smoke and fine sand particles (Harmattan), (for 

convenience hereafter all referred to as haze), which added a further dimension to the 

investigation. This was carried out in the FAQ Remote Sensing Centre. 
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2. OBJECTIVES

2.1. Separation of forest cover classes 

Paivinen and Witt (1989) mapped the forest cover (defined as closed forest with a canopy 

closure of at least 40%) of West Africa from Sierra Leone to Nigeria, using AVHRR 1km 

data. Our extensive examination of 1 km AVHRR data for West Africa indicated the 

separability of more than one spectral forest class and a good correspondence between these 

spectral forest classes and those displayed on colour composite of MSS and TM images. One 

objective of this study was therefore to examine, whether the forest class could be 

consistently separated into Closed Forest and Disturbed Forest, to conform to the classes 

apparent on the high resolution satellite data of Liberia. 

2.2. Comparison of Data Classification Procedures 

Since AVHRR data is only procurable in digital form, computer processing of the data, as 

opposed to the production and visual interpretation of false colour images, was considered the 

most practicable procedure for its cost and time effective use for a global baseline assessment. 

A further objective was therefore to compare the results of several standard classification 

algorithms, to determine whether any one of these would be significantly more efficient in 

achieving the first objective and for application in an operational context. 

2.3. Impact of Atmospheric Disturbance 

The highly unfavourable atmospheric conditions affecting the AVHRR data being used 

imposed a particular aspect on the study. The heterogeneity of the density and spatial 

distribution of the haze conditions over Liberia precluded the application of quantitative 

atmospheric correction. It therefore became an integral part of the study to ascertain to what 

extent objective 1 was achievable and how objective 2 would be affected, by limiting 

atmospheric correction to spatial stratification, so reducing the variation of haze conditions 

over the area of interest. 

2.4. Comparison of AVHRR 1km and 4km data 

The characteristics of AVHRR 4km Global Area Coverage (GAC) data make it unsuitable as 

a substitute for 1km Local Area Coverage (LAC) or HRPT data for obtaining the area of 

different forest cover classes. However, it can be-useful for direct and relatively rapid 

stratification of the global tropical forest cover by such attributes as: forest area per unit land 

area, fragmentation of the forest cover and regularity of forest boundaries, all of which are 

relevant for the modelling of deforestation. Because the cloud-free scene was also available in 

the form of a 4 km GAC scene, it was therefore considered of interest to compare the results 

of classifying forest area on both these data sets. 
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3. DATA USED 

The main investigation for separating and classifying forest cover classes of Liberia was 

carried out on a NOAA AVHRR HRPT scene of 4 January 1989 (fig. 6). The identical scene 

in the form of 4km GAC data (fig. 10) was subsequently also classified. These scenes were 

free of cloud but, except in the north-west, displayed strong but variable haze. 

An HRPT scene of 13 January 1987, with uniform light haze over the cloud-free portion of 

western Liberia, was used only to obtain some additional spectral values along a single 

transect, for comparison with the later scene. 

Complete Landsat cover of Liberia was available and, in the absence of contemporary ground 

truth, was used as the main reference for class discrimination on the AVHRR data. The 

geometrically corrected and contrast enhanced Landsat data consisted of a mixture of TM 

(1989) and MSS (1986) colour composite images at 1:100,000 and 1:250,000 respectively. 

Both of these data, but especially the MSS, suffered from atmospheric and radiometric 

disturbance and the images were produced from TM bands 4/5/7 and MSS bands 2/3/4. 

Nevertheless, the TM images in particular displayed detailed variations in forest and land 

cover.

Further reference data was provided by a number of panchromatic aerial photographs at about 

1:30,000, taken over north-west Liberia in 1988 and 1990 and an existing 1:1,000,000 land 

use map of Liberia (MPEA/GTZ, 1983) produced from interpretation of 1979 panchromatic 

aerial photos and ground checking (fig. 12). 
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4. METHOD

4.1. Preprocessing of the AVHRR scenes 

AVHRR data is quantized at 10 bits (1024 grey levels) while the image processing system 

used (DIPIX ARIES III) can only handle 8 bit data. In reducing the data of each channel to 8 

bits (256 grey levels) the main concern is not to lose significant information. An examination 

of the channel histograms showed that in each case 256 grey levels could be obtained by 

eliminating only values for cloud (present over the sea) and for areas of dry or burnt savanna 

at the northern boundary of Liberia. All the spectral values related to forest cover (tropical 

moist forest) were therefore preserved. 

After data reduction, the central portion of the AVHRR scenes was geometrically corrected to 

conform to the 1:250,000 UTM maps of Liberia using ground control points as reference. 

A 1:1,000,000 map of Liberia was digitized and used to mask the land area outside this. 

Similar maps of the existing landcover in 1979 and the main administrative units 

(counties) were digitized, so that results could also be obtained for the latter. 

4.2. Classification and Analysis 

The AVHRR data were classified by three methods: thresholding, maximum likelihood 

classification based on training areas, and a hybrid method using a clustering algorithm 

(unsupervised) to obtain the class signatures for subsequent maximum likelihood 

classification. 

To reduce the effect of variable haze cover the country was partitioned into six areas, or 

strata, within each of which the haze was relatively uniform and to each of which the three 

classification procedures were applied separately. The six strata were then recombined to 

obtain the classification maps and the statistics for the entire country. 

To facilitate quantitative analysis of the results, these were transferred to an ILWIS GIS. 

Assessment of the results consisted of visual comparison of the classification maps produced 

as colour hard copy, with the contrast enhanced colour display of the AVHRR data and with 

the MSS and TM images. 

4.2.1. Thresholding 

Spectral analysis of the AVHRR data was carried out by obtaining the digital values of the 

pixels on transects extending across representative areas of forest and the adjacent vegetation 

cover in each stratum. This was done for channels 1,2,3 and 4 and for three transforms, 

namely: 

NDVI:  (2-1)/(2+ 1) 

IND3:  (3-2)/(3+2) 

IND4:  (4-2)/(4+2) 
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Plotting the pixel values for the different channels and indices (figs. 1,2,3) enabled their 

varying response to the different cover types, as apparent on the false colour display of the 

AVHRR data and on the TM and MSS reference images, to be analyzed. This in turn 

indicated the cover type classes which could be separated with adequate consistency. From 

the results of this, channel 2 and IND3 were selected to identify threshold values for the 

vegetation cover classes to be mapped. 

4.2.2. Clustering and subseciuent Maximum Likelihood classification (Hybrid classification 

Spectral maxima were computed for each stratum by a clustering technique, using AVHRR 

channels 2, 3 and 4. The maxima were then reallocated in order to create class signature 

statistics for the subsequent maximum likelihood classification. After repeated test 

classifications the maximum number of clusters for generating signatures was limited either to 

24 or 32 for individual strata. The resulting spectral classes were finally regrouped into the 

five cover classes of interest (5 below). 

4.2.3. Supervised Maximum Likelihood classification 

Training areas, defined in channels 2, 3 and 4 for each class and stratum, were tested and 

analyzed by evaluating the results of the confusion matrices obtained from trial 

classifications. Signatures were generally accepted when at least 75% of the training areas 

were classified as the class concerned. A few less reliable signatures were used when it was 

not possible to select alternative training areas. 
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5. GROUND COVER CLASSES 

Much of the detail appearing on the TM and MSS images could be identified on the false 

colour display of the AVHRR data. Direct correlation of such detail between the two data sets 

was restricted by their different spectral and spatial characteristics. Consequently only fairly 

broad classes could be consistently separated on the AVHRR data. 

Based on the examination of the high resolution images and the spectral analysis of the 

AVHRR data the following classes were mapped: 

Closed Forest 

The closed forest in the north west occurred mainly in broken hilly terrain with considerable 

incidence of shadow. In the south and east there were some extensive forest areas on flatter 

terrain. All the closed forest areas were relatively heterogeneous, with some incidence of 

disturbed forest and shifting cultivation. It is likely that in practice these forests are, at least 

for the most part, by no means undisturbed; they may be considered as closed or less 

disturbed. On the other hand they are spectrally fairly well distinguishable from what has 

been called disturbed forest. 

Disturbed Forest 

On the TM images the disturbed forest was characterized by a lighter tone and usually a 

smoother texture than the closed forest. This correlated fairly consistently with the radiance 

values in AVHRR channel 2 (near infrared), whose absorption appears to be roughly 

proportional to the depth of forest canopy (Malingreau, 1988). In some parts of the TM 

images earth roads, or logging tracks, indicated human activities within this class. 

Without more detailed ground truth there is no indication that these forests are uniformly 

more open than the previous class and so the appellation ‘disturbed’ has been preferred to 

‘open’. Although there was a consistent distinction between the appearance of the closed and 

disturbed forest classes on the Landsat images and in their spectral response in the AVHRR 

data (see 6 below) the specific physical factors responsible for these differences could only be 

inferred.

Shifting Cultivation and Regrowth 

Areas of cultivation and regrowth were characterized by much lighter vegetation tones than 

the forest areas. The TM images displayed an admixture of small areas without live 

vegetation. Generally a greater or lesser amount of small occurrences of residual forest or 

margins of forest stands were included. This mosaic of ground features usually had a high 

degree of spatial variation and complex boundaries. Located mainly within, or at, the margins 

of compact forest areas, this class is in the nature of a transition zone between forest and 

cultivation, both spectrally and physically. 
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Predominantly cultivation 

On the TM images these areas displayed predominantly the light vegetation tones 

characteristic of non-forest vegetation, containing also a varying proportion of areas without 

live vegetation and bare areas. Although this class included varying proportions of shifting 

cultivation and regrowth, it was spectrally well separated from the previous class. 

Other

Areas of bare soil and inorganic surfaces, such as rock outcrops, towns and readily 

distinguishable appearance on the •IM and MSS images. All these were villages, as well as 

the dry forest zone at the northern boundary of Liberia had a mapped in a single class. 
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6. SPECTRAL ANALYSIS OF AVHRR 1KM DATA 

Channel 1 (0,58-0,68 microns)

As was to be expected under the conditions of intensive haze affecting the data the dynamic 

range in this channel was very low. Although some response to forest areas in the form of 

slightly lower values was detectable (fig. 1), channel 1 was discarded for further analysis. 

Channel 2 (0.725 - 1.1 microns)

Although to some extent affected by haze, the figures showing the pixel values for the various 

transects indicated a useful dynamic range for this channel, with low values corresponding to 

forest areas. Although contrary to the high reflection of near infrared radiation normally 

associated with forest canopies on Landsat MSS data, a similar effect has generally been 

observed for AVHRR data and is usually attributed to high absorption of the incoming 

radiation due to the structural complexity of the canopy of moist tropical forest (Malingreau 

1988).

The transect in figure 2 shows that the two blocks of closed forest are well separated in this 

channel. However, distinction between less dense forest, or pixels not completely covered by 

forest, and areas of cultivation and regrowth could be inadequate (fig.4). Confusion in this 

channel was also noted between forest and rivers (fig.4, pixel 86,87) and between forest and 

bare areas (e.g. roads, fig.4 pixel 110), as well as between tropical moist forest and features of 

the dry forest zone in the north of Liberia. 

Channel 3 (3.5 - 3.93 microns)

Although channel 3 is largely unaffected by haze and exhibits considerable dynamic range, 

the high spatial frequency) of the fluctuations in pixel values were difficult to relate 

consistently to the specific forest classes (fig. 4). This was presumably due to the dual 

response to reflected and emitted radiation in this channel. However, the discrimination 

between areas covered by forest or shifting cultivation and predominantly cultivated areas or 

other landcover appeared to be good. The channel 3 values were used in their original form 

and not inverted, as is sometimes the case. 

Channel 4 (10.3 – 11 microns)

The pattern of pixel values in this thermal channel showed no significant difference from that 

of channel 3, although the dynamic range was lower. Since channel 3 often exhibits some 

disturbance it may therefore be substituted by channel 4, especially in the transform 

producing IND3. 

Channel 5 (11.5 - 12.5 microns)

Channel 5 was not included in further analysis, because its information content was found to 

be lower than that of channel 4. 
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NDVI

Regarding the dynamic range the results for the NDVI were very similar to those of channel 1 

(fig.1), from which it is partly derived. Although atmospheric disturbance was somewhat 

reduced, NDVI values did not correspond consistently to forest canopy and therefore did not 

provide a reliable basis for discrimination of forest and other vegetation. Similar results were 

reported by Nelson and F (1986) and Paivinen and Witt (1989). 

IND3 and IND4

During the initial processing of the 1987 AVHRR scene (3 above) various transforms of the 

spectral channels, here called indices since they have the same form as the NDVI, were tested 

empirically and it was found that these two indices displayed a high dynamic range and 

provided good separation of the vegetation classes of interest, as shown in figures 3 and 4. For 

the 1987 scene, channel 3 was considerably disturbed and satisfactory results were obtained 

using IND4. For the 1989 scene used in the present study channel 3 had little disturbance and 

since IND3 had a stronger response to the difference between the various classes it was used 

in preference to IND4. 

Probably due to the inclusion of channel 3 and the ratio effect inherent in the transform, haze 

was significantly reduced. At the same time confusion between all the cover classes was less 

than for any of the single bands (fig.4). In particular, separation between the three classes 

Closed Forest, Disturbed Forest and Shifting Cultivation and Regrowth was better than for the 

other spectral features examined. Consequently IND3 was selected to identify class threshold 

values for mapping the data by this method (4.2.1). 

It must be noted, however, that the confusion between rivers and forest was not eliminated by 

the use of these indices. It could be established that this confusion was not due to the presence 

of gallery forest. The river pixels were usually mixed and contain a greater or lesser 

component of the water signature. It is surmised that for channel 2 the confusion is caused by 

the high absorption of the near infrared radiation by water and the roughly equal trapping of 

the same wavelength by the forest canopy. For channel 3, which partly responds to 

temperature, the effect of the demonstrably cooler forest canopies appears to be similar to that 

of large rivers, presumably also cooler than the surrounding land cover. 

In figures 1 through 4 a linear shift has been applied to some channels to accommodate their 

representation in the diagrams. 
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Figure 1 Transect Bomi Hills 1989 

Figure 2 Transect Bassagia 1989 
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Figure 3 Transect Fasama 1987 

Figure 4 Transect Bomi Hills 1989 

Signatures of training areas

Figure 5 displays the class mean values of the training statistics in each of the 6 image strata 

for the channels 2 and 3, showing the spectral differences between the land cover classes in 

general. While AVHRR channel 2 contributes more to the separation of the cover classes 

containing forest canopy, channel 3 is more significant for separation of forest and non-forest 

classes.

The overlap between the mean spectral values of different classes shown in figure 5 does not 

occur within individual strata. However, the high standard deviation of some classes (Table 1) 
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indicates that there is overlap among certain spectral classes in the feature space of each 

stratum. 

Figure 5 Class mean values for 6 strata 

Table 1: Mean and standard deviation of the training area signature statistics for each stratum 

STRATUM COVER 

CLASS 
Band

1 2 3 4 5 6

Clos. Forest B2

B3 

106/6.1 

149/14.2 

110/8.0 

157/17.2 

101/3.0 

155/3.8 

104/4.6 

142/9.6 

106/3.3 

129/6.4 

108/4.4 

141/7.4 

Dist. Forest B2

B3 

116/7.7 

140/6.8 

119/5.0 

139/6.7 

111/3.9 

154/2.9 

121/5.9 

154/11.7 

119/5.2 

128/10.7 

117/7.1 

143/9.8 

Shift. Cult. B2

B3 

127/5.6 

127/10.0 

123/4.6 

131/9.6 

117/3.0 

139/3.0 

124/5.7 

136/8.4 

129/3.1 

119/6.9 

130/6.6 

142/7.5 

Pred. Cult. B2

B3 

134/6.5 

95/20.1 

133/7.5 

84/16.5 

127/6.6 

118/12.4 

128/8.8 

119/12.2 

136/8.9 

105/15.7 

140/6.0 

119/15.0 

Other B2

B3 

82/14.0 

7/16.8 

101/15.5 

3/7.4 

99/8.7 

17/25.9 

92/10.0 

8/15.9 

99/20.0 

18/31.6 

104/14.7 

25/30.0 

Water B2

B3 

12/0.8 

172/9.4 

12/0.5 

170/10.5 

15/0.7 

183/3.4 

13/0.9 

183/3.9 

13/1.1 

181/8.0 

25/6.0 

195/5.6 
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7. RESULTS

7.1. Forest/Non-forest classification 

Visual analysis of the AVHRR data had already shown that even at this level of separation, 

for which Closed and Disturbed Forest were treated as one class, classification problems 

could be expected due to the varying density and irregular distribution of the haze. 

Although analysis of the spectral signatures at haze free locations showed that tropical moist 

forest could be well distinguished from other land cover classes, the presence of haze affected 

all three classification methods used. This arose from the fact that the inhomogeneities of the 

haze even within the individual strata resulted in a certain degree of spectral variation within, 

and overlap among, individual cover classes. This was most readily allowed for when class 

threshold values were determined and applied. The control of the clustering procedure, or 

selection of training areas required by the automatic classification procedures, provided less 

scope for accommodating the spectral confusion among the classes due to the haze. 

A more detailed examination of the results indicated the following causes for 

misclassification of the area of forest: 

1)  The spectral variation within cover classes referred to above caused any selected 

threshold value to include some non-forest, or exclude some forest. 

2)  The presence of relief shadows in some parts of Liberia tended to cause an overestimate 

of the area of forest. 

3)  Large rivers tended to be classified as forest. This could be avoided by investing more 

time to edit out the rivers concerned, using a GIS. 

Comparison of the classification methods: 

As expected from the spectral analysis, the thresholdin2 of AVHRR channel 2 led to 

misclassifications. Areas of shifting cultivation or predominantly cultivated areas were also 

classified as forest. Channel 2 may provide better discrimination when not affected by haze; 

however, for this particular scene it could not be used by itself for mapping forest cover. 

With the threshold of IND3 (fig.7) a good result was obtained, slightly overestimating the 

forested area in the central and eastern part of the country when compared with the Landsat 

images. The advantage of using thresholding lies in the direct derivation of the required pixel 

values from the analysis of transects (6 above) and their interactive application. This is also 

particularly appropriate for application to a series of sub-images (strata), for which the 

automatic methods become extremely time consuming. 

The hybrid classification also provided a fairly good result. However, for most of the strata 

overestimation of forest was higher than for thresholding. Because the appropriate number of 

primary spectral classes had to be established by trial classifications the process was more 

time consuming than thresholding of IND3. 
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The output from the supervised classification was in general comparable to the results 

obtained from thresholding IND3 or from the hybrid classification (fig.8). Because different 

training areas were used for the same class, signature variability caused by haze could be 

better taken into account for some strata. However, for the inhomogeneous image used this 

method was finally considered as less suitable for the following reasons: 

-  a large number of training areas was necessary to achieve an acceptable classification 

-  the process of training area definition was very time consuming and the lack of 

adequate ground truth made their assignment uncertain in some cases 

-  the number of pixels for the individual samples was in some cases low and the 

spectral values were not normally distributed 

-  as shown in figure 5 overlap between different classes within the limits of one 

standard deviation could not be avoided in some cases 

Comparison of the results indicated consistency of the mapping at the level of Forest/Non-

forest for the three methods. 

The forested areas obtained from the different methods are displayed in table 2 for each 

stratum. For the more homogeneous strata (strata 1,2,3 and 5) variation in forest area was 

below 5% of the stratum area. The discrepancy of the result of the hybrid classification of 

stratum 3 was due to an arbitrary parameter setting during the clustering procedure. Higher 

variation is displayed for strata 4 and 6 which were more affected by haze. 

Table 2 shows that for the country as a whole the area of forest obtained by the three methods 

varied by less than 3% of the area of the country, indicating that even highly unfavourable 

AVHRR 1km data can provide useful figures for total forest area. 

Table 2: Forest areas in square kilometers 

Strata: Stratum

Area

A

km
2
/(%) 

B

km
2
/(%) 

C

km
2
/(%) 

1 11,812 5,399/(45.7) 5,359/(45.4) 5,931/(50.2)

2 20,035 8,470/(42.3) 8,401/(41.9) 9,031/(45.1)

3 13,618 1,505/(11.1) 1,516/(11.1) 1,071/(  7.9) 

4 17,053 8,681/(50.9) 7,668(45.0) 6,961(40.8)

5 14,401 11,060/(76.8) 10,724/(74.2) 11,166/(77.5)

6 17,039 12,365/(72.6) 11,896/(69.8) 13,326/(78.2)

Total 93,958 47,480/(50.5) 45,564/(48.5) 47,486/(50.5)

A)  Threshold IND3 

B)  Supervised Classification 

C)  Hybrid Classification 

%)  Percentage of stratum area, or of total area 

Because ground truth data was not available the reference for the land cover classes consisted 

of their appearance on the Landsat and AVHRR images. A specific percentage of tree cover, 

to define the forest/non-forest boundary, could not be determined on this basis. In addition, 

the low quality of the MSS images made visual delineation sometimes difficult, preventing 

quantitative comparisons. Consequently class boundary definition and the figures given in 

table 2 must be considered as preliminary and may have to be adjusted after collecting ground 
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truth data. Reference to the TM images indicated that some areas with tree cover of less than 

40% were also included in the Forest class total. 

An earlier classification of 1km NOAA AVHRR data of West Africa gave the total forest area 

of Liberia as 42,613 km2 (Paivinen, 1990). However, this figure refers to closed forest with a 

canopy cover of more than 40%, so this difference in the results is to be expected. 

Table 3 displays the forest areas within the administrative units (counties) derived from GIS 

data, i.e. with no reduction of haze variability. The different methods give considerably 

different results for many of the counties. Whether 1 km AVHRR data unaffected by haze can 

provide acceptable forest area figures at the county level remains to be ascertained. 

Table 3: Forest areas in square kilometers for the counties 

Counties County Area A B C

Bong 9,201 748 750 997

Grand Bassa 12,544 6,916 6,431 5,567

Grand Cape 5,625 3,332 3,341 3,472

Grand Gede 15,982 12,084 11,553 13,061

Lofa 17,638 8,873 8,889 9,417

Maryland 4,371 2,576 1,921 2,464

Montserrado 6,432 744 666 761

Nimba 11,223 3,634 3,010 3,008

Sinoe 10,942 8,573 9,003 8,739

Total 93,958 47,480 45,564 47,486

A)  Threshold of IND3 

B)  Maximum Likelihood Classification 

C)  Hybrid Classification 

The comparison of the classification results with a digitized land use map of Liberia (1979) 

indicated the area of major changes in forest cover during the past decade. However, the 

different legend of this map precluded quantitative estimation of change in forest cover. 

7.2. Separation of closed and disturbed forest 

Examining the AVHRR data it became obvious from its display that this contained more 

information than required for the discrimination of only Forest/Non-forest. For selected 

locations one could easily discriminate between closed forest, disturbed forest and shifting 

cultivation areas. 

However, even within the strata it was complicated to map closed and disturbed forest 

consistently for the following reasons: 

1)  The variable degree of haze resulted in considerable spatial variation of the signature 

of a single class, while at the same time causing spectral overlap between classes. 

2)  Relief effects led to an overestimation of closed forest in the central part of Liberia. 
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3)  Transition between forest classes often takes place gradually and therefore the 

boundary between what was considered as closed and as disturbed forest was not 

always well defined. 

4)  The pattern of forest classes in channel 3, which was included in all measurements, 

appeared to be influenced also by other factors than canopy cover. 

Because of these uncertainties area estimates obtained for closed and disturbed forest were 

considered inherently unreliable. Figures obtained by the three classification methods for 

disturbed forest as a proportion of the total forest area varied from 43 to 59 percent. 

Results from thresholding IND3 gave the best correspondence with the appearance of the 

closed and disturbed forest on the high resolution satellite data. This is shown in figure 9 

which thus provides a first indication of the spatial distribution of relatively closed and 

disturbed areas of forest in Liberia. 

The hybrid classification provided a less satisfactory match when compared with the 

distribution of closed and disturbed forest on the high resolution images. The results of the 

maximum likelihood classification were predictably variable among the strata, reflecting the 

difficulty of defining homogeneous training areas in some of these. 

7.3. Comparison of AVHRR 1km and 4km data 

Based on the results obtained with LAC data and because of the inherent difficulty of 

obtaining homogeneous training areas on the 4km GAC data, the latter was classified to 

Forest and Non-forest by thresholding IND3. This procedure used the same stratification of 

the haze cover as applied to the LAC data. 

The result, shown in Table 4 together with those for the LAC data, is comparable to the latter, 

the area of Forest differing by only 2,379 sq km or 2.5% of the total land area. Even within 

the individual strata the greatest difference between the two data sets amounts to only 7.7% of 

the total stratum area. 

This can be considered a useful validation of the thresholding of IND3 and the stratification 

of the haze cover as a method for separating Forest/Non-forest using AVHRR data, at least 

for the conditions prevailing in Liberia. Significant among these is that much of the forest in 

Liberia still exists in relatively large blocks. Where forest is more fragmented, as in Ghana for 

example, 4km GAC data would be less likely to give results corresponding so closely to those 

obtained with 1km data. 

Both for the country totals and the strata, the forest area obtained from the GAC data is less 

than that from the 1km data, except for stratum 6. 
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Table 4: Forest area in square kilometers 

Strata: Strata area A

km2/% 

B

km2/% 

Stratum 1 11,812 5,399/(45.7) 4,956/(41.9)

Stratum 2 20,035 8,470/(42.3) 7,932/(39.6)

Stratum 3 13,618 1,505/(11.1) 1,177/(  8.6) 

Stratum 4 17,053 86,81/(50.9) 8,266/(48.5)

Stratum 5 14,401 11,060/(76.8) 9,956/(69.1)

Stratum 6 17,039 12,365/(72.6) 12,814/(75.2)

Total 93,958 47,480/(50.5) 45,101/(48.0)

A)  Threshold for IND3, HRPT data 

B)  Threshold for IND3, GAC data 
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8. CONCLUSIONS

Although the quantitative results of this work could not be verified, their degree of internal 

consistency and comparability with other results (Paivinen,1990) is considered to justify the 

conclusion that 1km AVHRR data can be used to obtain adequately accurate information on 

total forest area at the country level for application to global and regional assessments. 

Whether area figures for more than one class of forest cover can be obtained with adequate 

and consistent reliability, as was at least indicated in the present study, will require further 

investigation based on adequate ground truth. For the AVHRR scene used the variable effect 

of haze prevented consistent separation of closed and disturbed forest. 

It was also established that a combination of AVHRR channels 2 and 3, such as IND3, can 

provide a sensitive response to different levels of forest cover, reducing effects of atmospheric 

disturbance. It would be of interest to undertake a systematic investigation to ascertain 

whether the combination of these channels would consistently improve separation of classes 

of vegetation cover, compared to other spectral features. 

Thresholding, as the most directly interactive method, proved to be easier to apply than 

automatic classification based on training areas and for the same reason appeared to give the 

best results when using IND3. Stratification of the haze cover over Liberia greatly improved 

the consistency of the results obtained. These procedures are therefore considered to be 

candidates for the basis of a robust operational method for obtaining forest area information 

from 1km AVHRR data. 

A further conclusion is that even with the virtual daily global cover of AVHRR data, the 

availability of optimal, or at least good quality, data for areas of the extent of Liberia in the 

moist and wet tropics is uncertain. This makes the results obtained with the poor quality data 

available for the present study all the more relevant for applications related to global forest 

cover assessment and continuous monitoring. 

Without knowing the quantitative accuracy of the results obtained for the forest area of 

Liberia the relatively good agreement between the results from the 4km and 1km data can 

only be taken as indicative. But should such agreement be substantiated, then GAC data could 

be useful not only to stratify forest cover by various non-quantitative criteria, but also to 

obtain sufficiently reliable figures for an initial, relatively rapid and therefore cheap and 

practicable assessment of global forest cover (Baltaxe, 1991). 
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Figure 6 NOAA AVHRR HRPT: Colour Composite R/G/B = 3(inv.)/2/1 

Figure 7 Threshold: Forest – Nonforest 
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Figure 8 Supervised Classification: Forest – Nonforest 

Figure 9 Threshold: Closed Forest - Disturbed Forest 
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Figure 10 NOAA AVHRR GAC: Colour Composite R/G/B = 3(inv.)/2/1 

Figure 11 NOAA AVHRR GAC: Threshold: Forest - Nonforest 
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Figure 12 Landuse Map 1979 GTZ/MPEA resampled to 1 km x 1 km 
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