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PORORD 

The present report was prepared by the pilot project coordinator (B. Baltaxe, 
Forest Rssouross Division, FAQ), based on the results obtained in the project countries 
by C.L, Vanprast (FAQ project expert in Togo), i. Guellec (Centre Teohniqu.e Forestier 
Tropical, project consultant in Benin and Cameroon), and the national project teams 
in Benin (Director I. Okio) and Cameroon (Director J. Ngaha), set out in Project Reports 
NOB, 1, 2 and 3 respectively covering Togo, Benin, Cameroon. 

The ecological map of the vegetation cover of Togo was ooailed by C.L. Vanpraet 
and those of Benin and Cameroon by J. Guellec. The final map legends said colour 
schemes were prepared by the project coordinator and the over—all d.sign of the maps 
and the supervision of their printing was undertaken by H. Engeler, PLO oartographer. 
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SUJUURT 

The pilot project on tropical forest oover monitoring ise formz]4ted in the context of 
.. joint TI/1?AO prograisas for the surveillance of the world' a tropical forests, origina.ting 
in a recomeendat ion of the 1972 UN Conference on the Thiaan &tvironmsnt. Financed predominantly 
by UNEP, the project was executed by FAO and implemented in Benin, Cameroon and Pogo. 
Project activities were undsrtaken between August 1975  and February 1979,  with field work 
lasting from November 1976  to October 1978. 

The project's major operational objective was to obtain data on the present forest 
cover of the three participating countries and on the quantitative and qualitative changes 
of the forest cover which had occurred in some representative critical areas. In the virtual 
absence of multi-date LaMest cover assessment of change at the country level was not carried 
out. 

Maps of the forest and other vegetation cover were prepared for the whole of Benin and 
Togo at 1 :500  000 and for the Bouthern two thirds of Cameroon at 1:1 million, using a 
multiphase procedure by which keys derived from ground survey, reconnaissance flights and 
aerial photo-interpretation over limited areas were extrapolated f or the interpretation of 
the entire Landsat cover of the areas mapped. The detail and accuracy of the maps is 
variable and the level of accuracy could not be quantitatively assessed. The indications 
are that for the areas having Lantsat cover of at least moderate quality the detail and 
accuracy are consistent with the scale of the maps. 

The method employed was based on the visual interpretation of un-enhanced Landsat 
imagery, using only the simplest instruments. Its applicability is therefore limited only 
by availability of qualified and experienced personnel. The relative scaroity of the latter 
constituted an important constraint on the project's execution and accounted for its long 
duration, although only about 14 man months were required for the actual survey, interpret-
ation and mapping of some 490 000 km2  in three countries. 

The method adapted for analysis of the quantitative changes in the vegetation cover in 
selected areas consisted of interpreting aerial photographs of two dates, mapping the 
results at a scale of 1:50  000 and measuring the ares of each vegetation class from the map 
for each date. The vegetation class at a series of locations (represented by the dots of 
a dot grid) at the two dates was also recorded to provide data on the qualitative nature of 
the changes observed. This method is simple and effective but was susceptible to several 
constraints, including the ready identification of areas where significant changes had 
occurred, the availability of aerial photography of at least two dates covering such areas 
and, when recent photography was not available, the difficulty, under tropical weather 
conditions, of obtaining new photography at the time required. 

Although the original prograzmne of change analyses was not entirely implemented due to 
such factors, valuable information was obtained concerning rates of change of the vegetation 
cover and the size of the areas affected.. This led to the conclusion that in Benin and Pogo 
periodic observations of areas susceptible to loss or degradation of the woody vegetation 
cover are required at intervals of lees than five years to avoid the risk that a substantial 

S 
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proportion of the existing cover would disappear between observations. An approach to the 
identification of such critical areas, based on an index of stability derived from the 
vegetation map and ancillary data, has also been outlined. 

In many cases such periodic observations (monitoring) will require recording conditions 
on the ground by aerial photography and a system based on the use of a 35 or 70 mm camera 
mounted on light aircraft has been proposod, enabling advantage to be taska of short periods 
of suitable weather. 

In the part of Cameroon mapped by the project, monitoring will primarily concern the 
expansion of areas of degraded forest and encroachment on forest outliers in the savanna, 
both of which show up well on Landsat imagery. In view of the large extent of the forest 
zone a practical approach to locating areas of change will therefore be to compare imagery 
of successive dates, subsequsnt analysis being conducted as described above. For two sample 
areas in Cameroon it was also shown that the area of change in forest cover could be assessed 
by computer analysis 	the Landsat data. 

As well as the present report, the pilot project produced a comprehensive report for 
each of the three countries. The Togo report provides the fullest account of the ecology  
and dynamics of the vegetation classes; the Benin and Cameroon reports provide the fullest 
detail concerning the interpretation of the Landsat imagery, including interpretation keys, 
observations about each scene interpreted and a detailed description of the procedure for 
the reconnaissance flights.  The present report draws on the range of the findings in the 
three countries for a detailed discussion of monitoring procedures and of a range of topics 
based on the general experience of the project, including the assessment of Lazidsat imagery 
for the work undertaken, vegetation classification and eco-floriwti.c zonation, staffing, 
training, as well as outlining a statistical sampling procedure for monitoring and an 
alternative approach to mapping. For the fullest details on the project's activities, 
findings and conclusions all four reports should, however, be consulted. 

The vegetation cover maps were used to estimate the area of the vegetation and land 
use types mapped. The results confirmed the subjective observation of a general trend 
towards the loss or degradation of the remaining forest and other woody vegetation cover - 
considerably advanced (as regards true forest) in Benin, somewhat lees so in Togo, and 
considerable (mainly as regards degradation) and relatively localised. in Cameroon. It was 
theref ore concluded that monitoring the forest cover in critical areas will serve a useful 
purpose in all three countries, to provide concrete data on which to base interventions for 
controlling further losses leading to permanent harmful effects. 

The main recommendations for all three countries were: to establish a unit to conduct 
tropical forest cover monitoring; to train an adequate number of staff to conduct these 
activities; to conduct further studies of past changes in the vegetation cover; to ensure 
a two-way flow of information about developments likely to cause changes and conceriing the 
changes observed. A proposal for expanding tropical forest cover monitoring activities to 
other parts of the tropics is outlined in Appendix 1. 
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CHAPTER 1 

TROJCTIOB 

1.1 BACKGROUND AND OBJECTIVES 

The United Nations Environment Conference hsl4 in Stockholm in 1972 included among its 
prop osals a World Forest Appraisal Prograamte. This st..d from PLO's background paper for 
the Conference, entitled "wironmental aspects of natural resources 'n.geaent - Forestry" 
and led to recomuendation no. 25,  namely: 

"It is recoimnended that the Seoretar-General take steps to ensure that continuing 
surveillance, with the co-operation of Nember States, of the World's forest cover shall be 
provided for through the progremu.s of the Food and Agriculture Organization of the United 
Nations and the United Nations Educational l  Scientific and Cultural Organization. 

Such a World Forest Appraisal Programus would provide basic data, including data 
on the balance between the world' a forest biosasa and the prevailing environment 
and changes in the forest biomeas, considered to have a significant impact on the 
environment; 

the inforsation could be collected from existing inventories and on-,going 
activities and through remote sensing teohniaues; 

(C) the forest protection prograe described above might be incorporated within this 
effort, through the use of advanced technology, such as satellites which use 
different types of imegery and which could constantly survey all forests." 

In 1973 PLO accordingly submitted a proposal to MM for the formulation of such a 
monitoring prograaae. This was deliberately restricted to deal with the tropical forest 
only, it being considered more important and urgent to launch a monitoring programue in the 
tropics, where forest cover is generally more exposed to uncontrolled harvesting or clearing, 
than in temperate regions. Acting as cooperating agency with t1J, PLO undertook the 
formulation of such a programee in 1974  (J)roj.ct 0202-73-005) and published the results in 
a report entitled "Formulation of a tropical forest cover monitoring project" (PLO, Rome, 
1975). 

The present pilot project was subsequently formulated and signed by UNEP and PLO in 
August 1975.  Although the "Formulation" had dealt with tropical forest cover monitoring on 
a. global scale, the pilot project was limited to execution in three countries - Togo, Benin, 
Cameroon - and included collaboration with Nigeria where similar work was in progress 
(project document, article 3.01). 

In conformity with article 2.02 of the project document collaboration was established 
with Unesco for the adaptation of that agency' e "International classification and mapping 
of vegetation" to the monitoring of tropical and sub-tropical forest cover (see 2.1). 

The objectives of the pilot project, not out in article 2.02 of the project document, 
were as follows* 
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- to obtain f or these four countries data on the present forest cover and on the 
quantitative and qualitative changes of the forest cover which have occurred in 
critical areas; 

- to refine, test and possibly oorr.ct the general methodology as outlined in the 
report of project 0202-73-005 by applying it to these four oountries; 

- to prepare the extension of the tropical forest cover monitoring project to the 
whole African tropical and sub-tropical region and to the Latin America and Asia 
region.. 

Agreements between the Governments of Togo, Benin, Nigeria and Cameroon and PAL) 
concerning the execution of the pilot project were drafted in late 1975 and discussed with 
the authorities concerned. The Agreement with Cameroon was signed in Jul.y 1976, with Benin 
and Togo in October 1976. 

The authorities in Nigeria proposed a radical revision of the draft Agreement to reflect 
Nigeria's role of contributor to the project, rather than that of beneficiary. A revised 
version was agreed upon in MAY  1976, but in spite of discussions and correspondence on the 
subject up to hay 1978 the Agreement was not signed by the Government. 

Article 12 of the Agreements with Togo, Benin and Cameroon stated that "FAD undertakes 
to publish at the and of the project a report oontain{ng in particular a small-scale map 
of the present vegetation cover of the whole of the country, as well as information on the 
qualitative and quantitative aspects of the degradation of the forest cover in a critical 
area." ("some critical areas", in the case of Camexoon). 

During the negotiation of the Agreemsnt in Bemin the Government laid stress upon the 
inclusion of the preparation of audio-visual material by the project concerning the iepact 
of degradation of the vegetation cover on the environment, for use in rural areas, and this 
was inserted as artiol. 13. 

1.2 ACTI71TIN WMAKU  

Only a. chronological outline of the main activities is given here. Aspects of these 
which had a particular bearing on the execution of the project's programee and the 
achievement of its objectives are dealt with in detail in Chapter 2. 

Between the signatur, of the project document in August 1975 and the appointment of 
the project coordinator in April 1976 contact was made with the Government agencies in the 
countries concerned, and the first drafts of the Agreements referred to above were prepared. 
The preparation of a vegetation classification was initiated, some Imndaat imagery of the 
project area was obtained and a start was made with recruitment procedures. 

These preparatory activities were pursued by the project coordinator. Xquipmsnt, remote 
sensing and other documentation was ordered and arrangements for office accoanodation and 
counterpart staff were made in the three participating countries. Field experts were 
appointed in November 1976 and a short training course in photo-interpretation for counter-
part staff was held in Yaound* early in 1977. 
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Field activities continued through harsh 1978 in Togs, until August 1978 in Benin and 
Octob.r 1978  in Cameroon. To be able to conclude the vegetation mapping and all the related 
work by that time in Cameroon it had earlier been decided to restrict this to the southern 
two-thirds of the country, covering all the forest and some of the savanna areas. The 
field activities in all three countrie, included interpretation of Landsat imagery for 
vegetation mapping, supported by interpretation of serial photographs, ground surveys and 
aerial reconnaissance flights. The selection of study areas and investigation of changes 
in their vegetation cover over the past twenty years or so was another major activity in the 
field, as was the compilation of the various project maps and preparation of draft technical 
reports. 

Fellowships were arranged for two counterpart staff from Benin and for the project co-
director from Cameroon. Other technical activities included the preparation of a contract 
for aerial photography for Caasroon, procurement of some enhanced Landset imagery and a 
trial of computer processing Landsat data for monitoring changes in forest cover. 

In Benin the Government found the results of the project' s work both inherently uaeful 
and of potential value for application to planning rural development activities in general 
and forestry projects in particular. In June 1978 the Government therefore raised the 
question of assistance for continuing the project's activities after its termination. At 
the Government's request the project coordinator assisted with the formulation of a project 
covering activities for afath.r three years for submission to potential donors. In January 

1979 PAO authorized a project under its Technical Cooperation Programme with a duration of 
six months for the continuation of the pilot project's activities while the longer term 
follow-up project was under consideration. 

Project activities concluded with the drafting of the final reports and preparation of 
the vegetation maps for printing by the project coordinator as field work in each of the 
project countries came to an end. 

1.3 PREVIOUS WORK 

The project document (3.01) states "The reasons for selecting Togo, Benin, Nigeria and 
Cameroon are mainly the existence of similar activities ....." in the context of current 
or earlier FAO/UNEP forestry projects. 

In Benin projeot B4/73/014 executed a reconnaissance inventory in 1976 of some 856 000 
ha in the area between Djougou and Bante. Although the inventory results had not been 
published at the time, they provided some floristic data for the pilot project's survey. 

a The consultant who prepared the pilot project's vegetation map had earlier done the aerial 
photointerpretation for this inventory and was therefore familiar with the forest cover of 
the area. The same project also conducted an inventory of the lass forest, of about 10 000 
ha, in the south of Benin. 

In Toga forest inventory of four areas had been conducted in 1969/70 by project 
P00/68/510 (Rapport technique No. 3, POzSF/TO0 10, 1971). The results were used as a 
source for the species composition of the forest areas concerned and permitted a comparison 
with the area and condition of these forest at the time of the pilot project's survey. 
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In Cameroon project CXR/72/008 had carried out an inventory of the Deng-Deng Forest of 
some 300 000 ha and other inventories of some 2.6 million ha had been crried out by the 
Centre Tscbnique Forastier Tropical. The results of these invent cries were used mainly as 
a source for the species composition and thus the classification of the forests mapped from 
the Lsndaat imagery. 

1.4 WORØG ARRANTS 

In Benin the Government counterpart agency was the Ministre du dveloppmsnt rural it 
des 000p4ratives, which nominated a lecturer in Geography at the University of Benin as 
project oo-director and counterpart to the PAD expert, prior to the latter's entry on duty 
in February 1977.  Two forestry technicians who had worked on the inventories conducted by 
project B/73/014 were also assigned to the project. In September 1977  five geography 
students from the University also joined the proj.ct team on a part-tim. basis. A botanist 
from the University of Benin participated in most of the project's field surveys. 

In accordance with the project document the FAO expert had been assigned to execute 
the project's work in Benin and Togo. This arrangement proved impractical and from August 
1977 he was assigned exclusively to Togo. A suitable full-time replacement could not be 
found and instead a consultant was assigned to Benin for two months in 1977  (September-
November) and two months in 1978  (June-August). The consultant instructed the couterpart 
technical staff who conducted most of the project's field surveys during his absence. After 
instruction and some initial guidance by the consultant the bulk of the photointerpretation, 
mapping and analysis of the study areas was done by the counterpart staff. 

The Government could not provide the office space as foreseen in the project document 
and this was rented by the project. All field trips by expatriate personnel required 
specific authorisation. A light aircraft became available for rental towards the end of 
the project and was then used for some reconnaissance flights to check the Tñat  inter-
pretation. 

In Togo the Government counierpert agency was the Direction des fonts ct des chassea, 
two of whose officials were appointed to collaborate with the project. While providing a 
valuable contact, these officials could not be released from their normal duties and did 
therefore not participate in the day to day work of the project. The Director of the Forest 
Production Division of the Ministbre du dAveloppement rural was appointed as co-director 
and counterpart to the FAO expert. However, his normal duties only permitted him to deal 
with administrative matters but not to participate in the project' a technical activities. 
The project also maintained close contact with the Kinister of Rural Development and with 
the Office dc dve1oppement it d'exploitation des ressourcee foreatires (oD') which, 
through its acting director, rendered valuable service to the project. This included the 
provision of some part-time staff to participate in the field surveys. 

1 

Office acconmiodation for the expert was generously provided by the UNDP Resident 
Representative. Prom the outset the project was able to rent the President's helicopter 
from time to time which greatly facilitated reconnaissance surveys for vegetation mapping 
and the selection of study areas. 

In Cameroon the Government counterpart ageny was the Service des Zanx at Poi4ts of 
the Xinistry of Agriculture. A forest officer was appointed as full-time co-director and 
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counterpart to the PLO expert from March 1977. Three technicians from the Forest Service 
were also assigned to the project and participated in the tra4nirg course held in Taound. 
(2.4) in February 1977-  Later in the year two of these technicians were tranaf erred from 
the project and one replacement was assigned. A botanist from the National Herbarium worked 
with the project team in the field for three weeks in 1978. 

• In accordance with the project document an expert was assigned to Caazeroon for thirteen 
months, from November 1976 to November 1977.  Little progress with the preparation of the 
vegetation map was made during this period. This and other work was then .xecuted by the 
consultant also employed by the project in Benin, who worked three and a half months in 
Cameroon during 1978  (February-March, June, September-October), three weeks in Paris and a 
week in Rome. 

Office space was rented by the Government, which made a cash contribution to the 
project of 10 million francs CPA. Considerable use was made of rented light aircraft 
during the consultant' a missions, which were generally available provided notice was given 
sufficiently long in advance. 

In accordance with paragraph 26 of the respective Agreements a national project 
coordinating ooanittse was established by the Government in Benin and in Cameroon. 

In the interest of coordinating the project's work it was intended to convene the P1.0 
experts and their counterparts for a visit with the project coordinator to the three project 
countries and Nigeria in mid-19779  However, the delays encountered up to that time in the 
execution of the project's program.e in all three countries caused this to be abandoned.. 
In June  1977 the expert then working in Benin and Togo and his counterpart from Benin, with 
the coordinator, visited the remote sensing and photographio laboratories at the Federal 
Department of Forestry in Ibadan, Nigeria. Although agreement in principle had been 
obtained from the Nigerian authorities for the project to make some use of these facilities, 
the power supply problem which interrupted their functioning as well as the lack of time 
in the project's schedule prevented this. In October 1977 the expert from Togo visited the 
projeot in Cameroon with the coordinator for joint consultations. At this time it was 
arranged that the co-director from Caneroon should visit the project in Togo, but 
Government authorization was not obtained in time to implement this before field surveys 
in Togo were completed. 

Guidance of the field staff to ensure a standardized approach to the project' a 
technical activities and frequent negotiation with the Governments concerned over the 
technical and administrative aspects of the project's exeoution were undertaken by the 
project coordinator who also maintained contact with a wide range of technical institutions. 
In the course of these activities the coordinator ivade eight visits to Togo, nine to Benin, 
four to Nigeria and ten to Cameroon, as well as visiting Kenya, Upper Volta, England and 
France. 

1.5 PRESERTATICK OP THE RFPORT 

I 

chapter 1 provides the background to the project and an outline of how it was conducted. 
Chapter 2 takes up aspects of its execution not treated elsewhere in the report which are 
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directly or indirsotly r.ls.ted to the application of remote sensing to tropical forest 
covet aonitoring and therefore of partioular interest and relvance. 

Chapter 3 provides a detailed account of all stagss of the vegetation mepping and 
Chapter 4 dose the sams for the investigation of the changes in the forest cover of 
selected areas. Together thq constitute the core of a methodolo' applicable to the 
preli-4 nary stags. of tropical forest cover monitoring. Chapter 5 discusses the isplications 
of the project's experience and results for the conduct of such monitoring. Chapter 6 
presents a sumeary of the conclusions to be drawn from the project's work and of related 
recomeendations for tropical forest cover monitoring in the project countries. 
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PROJECT DLTATI(I 

This chapter provides an account of some project activities and findings which were 
ancillary to the two major objectives of vegetation mapping and investigating change in 
vegetation cover. Since for the most part they had a direct influence on the execution of 
the two main activities arid/or on the conclusions to be drawn from these they are treated 
in some detail. 

2.1 VEGThTI4 cSICAPIi 

The project docianent (artiole 3.01) states ".., coneu].tant services will be secured 
for the elaboration of classification, to be used (in collaboration with Unesco)..." 

A contract for the preparation of a vegetation classification for the use of the pilot 
project was accorded to Unesco in November 1975  and sub-contracted by that agency to the 
Institut d.c la Carte Internationals du Tapis Vgta] (Toulouse), under the direction of 
Professor Legris. 

It had been specified. by PLO that the classification should take d.ue account of those 
of Unesco and Yangambi and among other considerations 

- give due weight to the stage of degradation and reconstitution of the major forest 
and savanna formations encountered in the various climatic zone.; 

- be based on physiognomic criteria and reflect their interpretability on remote 
sensing documents of differing resolution; 

- provide a key illustrating the ppesrance of various vegetation types on photographs 
and remote sensing documents. 

The classification, embodied in a report (Mthodologie d'une classification, 
application on tl6d6tection) delivered, in December 1976, satisfied most of these conditions 
fairly adequately. It was particularly developed in the presentation of ecofloristic zones 
for the project area, based on bioclimatic factors, an aspect further elaborated in the 
course of the projectt 5 work. It gave lees weight to considering the potentifti dynamics of 
the stages of degradation or reconstitution of the major formations, to which the ecoflori-
stic zonation is particularly relevant. This aepeot has been treated by the project in 
Chapter 4 of the report on Togo, "Las classes dc v6g6tatiou cartogra,phigeatt, and is equally 
relevant to similar formations in Benin and Cameroon. 

The classification itself was essentially that of Yaugaznbi (Trochain, 1957; Aubrville,1957) 
based on phyeiognomic characteristics such as the height, structure and crown closure of 
the arboresoent vegetation and consequently well adapted to identification on aerial, photo-
graphs and satellite imagery. Its main application was as a useful starting point for the 
legends of the vegetation maps prepared for Togo, Benin and Cameroon, which were subsequently 
developed according to the formations encountered, their relative extent and isportance, 
and the degree to which they could be consistently interpreted on the satellite imagery (3.6). 

a 
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Some Landsat imagery, mostly dating from 1972  and '73, had been ordered. in 1975 to be 
available for the consultants preparing the vegetation classification described above. In 
May 1976 a oouter listing of the Landsat cover of Togo, Benin and Cam.roon was obtained 
from the Bros Data Centre and a. selection of the relatively cloud-free imagery was made and 
ordered. 

It was noted that the computer listing was not complete and the indication of the 
percentage cloud cover over a scens was not always reliable. Because the imagery for the 
coastal areas of Pogo and Benin and f or such of southern Cameroon was obscured by cloud. 
(Appendix 6), a good part of this was also ordered after ascertaining on FAD' s Landsat 
Browse File that, for those scenes recorded at more than one date, different areas were 
cloud-free at different dates. 

Both the U.S. Geological Survey (1975)  and the World Bank (1976)  had published Landsat 
coverage maps whicli were obtained in late 1976.  Although these displayed the cover only up 
to July 1974  and lay 1975 respectively, they provided a useful overvi.wi later information, 
particularly on new cover for West and Central Mrica becoming available through June 1976, 
was obtained from the Land.sat catalogues issued two to three months after data acquisition 
and held. by FAD' a Remote Sensing Unit. 

The bulk of the available Lsnd.sat cover for the project countries was obtained by the 
end of 1976 or early 1977,  when work in the field was due to start. The existence of a few 
scenes, for parts of Caseroon, became known only later and these were then acquired.. 

The Bros Data Centre, the main source of Landeat imagery, has reorganized both its 
cataloguing and production system during 1978, effecting a number of improvements. But at 
the time of the project's initiation some difficulty was experienced in obtaining reliable 
and exhaustive information on the availability of Lazidsat cover for the exten.ive area 
represented by the 'three project countries. 

The interval between ordering imagery and its delivery to the project in the field was 
usually two to three months, ocossionally longer. This included P1.0! s purchasing procedures 
and transmission by pouch. 

In April 1977 steps were taken to obtain new Laritsat cover for the project area from 
Landsat-3, launched in larch 1978- Although NASA (United States National Aeronautics and 
Space Administration) had agreed to give priority to the acquisition of new scenes for parts 
of Cameroon where the cover was sither non-existent or mostly cloud-obscured, only one new 
scene for central Cameroon was in fact obtained. 

It was apparent from the outset that much of the available Landsat imagery was of 
rather poor photographic quality and evident that its interpretation would be greatly 
facilitated and be more detailed and accurate if the imagery oould be enhanced by isproving 
contrast, detail and colour rendering and eliminating the striping effect. However, 
investigations showsd that there were no facilities able to carry out enhancement on an 
operational basis at the time (mid-1976) (see 3.3.). 



Existing Aerial Photography 

Sau3.n and Togo north of 8 030' were covered by 1380 000 black and white infrared and 
panohroma-tio photography taken by Kenting in December 1974 to February 1975.  A copy of this 
cover on both emulsions was purchased for the project before the start of operations in the 
field, since it could be used for checking the interpretation of the Lsndeat imagery as well 
as for the investigetion of change in critical areas. 

The whole of Benin and Togo and a large part of Cameroon were covered by 1:50 000 black 
and white panchromstic aerial photography taken between 1949  and about 1952 by the Institut 
Gographique National (ION). For Benin and Togo portions of this cover were purchased as 
required directly from ION in Paris. Delivery took two to three months and each order had 
to be accompanied by an authorization from the Government. To avoid repeated delays the 
project obtained a blanket authorization from these two Governments, of which a copy could 
be attached to an order. 

For Cameroon aerial photography had to be purchased through the Centre Gographique 
National in Yaound6 1  which either transmitted an order to ION in Paris, or provided prints 
directly if these were available in Taound. Delivery times were consequently very variable, 
from weeks to months, and some orders were never fulfilled. The situation was somewhat 
complicated by the fact that the negative archive, were in process of being transferred from 
Paris to Yaound6 during the period of the project. However, the Centre Gographique National 
was very cooperative in permitting access to its air photo archives. 

In Togo there was also 1:50  000 aerial photography available for the main forest areas 
taken in 1969. This was held by the Office d.c dveloppament at d'exploitation des 
reesources foresti&res (oD') and made freely available to the project. Dering the 1976/77 
and 1977/78  flying seasons ION was producing new aerial photography at 1:30 000 for the 
whole of Toga. A portion of this covering one of the study areas was acquired by the 
project. Special arrangements were wade with ION to obtain this cover for another of the 
study areas where it was essential for the assessment of major recent changes, but this did 
not become available. 

New Aerial Photogrephy- 

New aerial photography would have been useful for the southern part of Benin not 
covered by the ICenting photography. The cost for the whole of this area would have exceeded 
the provisions of the project budget and although the possibility of photographing aa]ected 
areas as an adjunct to their mission in Toga was taken up with ION, the premature termination 
of this mission did not permit this. 

In the absence of recent aerial photography for the forest areas of Caineroon the 
project's programme in relation to investigating changes in the forest cover over time was 
entirely dependent on obtaining new aerial photography of selected study areas. The steps 
taken to obtain this, described in section 4.1, all proved abortive mainly due to abnormally 
unfavourable weather conditions. As a result no systematic analysis of change, as made in 
Benin and Toga, could be undertaken in Cameroon. 

- 
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TopoRrwhic Naps 

All three countries had virtually complete map cover at 1:200 000 mads by I(W from the 
aerial photography of the 1949-52  period, which was purchased locally. These showed 
vegetation boundaries usually with high accuracy, but in rather general categories. Detailed 
comparison with Iandsat imagery revealed some errors, particularly in the mapping of rivers 
among dense vegetation, which is understandable. 

The 12i 1:50  000 map oover was very partial in all thise countries and the project had 
to produce the base maps at this scale for most of the study areas (4.2) by photographic 
enlargement of the map. at 1:200 000. 

The 1 :500  000 asp cover was complete and copies of the original filna without the 
vegetation sheet were obtained from I(Zi to serve as a base for the vegetation mapping in 
Benin and Togo. For Cameroon these were photographically reduced to 1:1 million as no 
accurate map at this scale was available. 

2,3 PROJBOT STAFFING 

The pilot project was formulated on the assumption that the vegetation cover of Togo 
and Benin on the one hand and of Cameroon on the other would each be mapped mainly from 
the interpretation of Tidat imagery by one person in well under twelve months. 

The necessary technical qualifications for the field staff therefore had to include 
experi.nce of interpreting LsnlRat imagery and aerial photographs for tropical vegetation 
surv-ey some experience of plant ecolo- and of West African forest and savanna vegetation; 
experience in the compilation of vegetation asp., inoinding mapping from satellite igsry 
and aerial photographs. The experts also had to be French .pe.king to a level that would 
permit work with franc ophone counterpart staff and all reports to be produoed in that 
language. 

By the third quarter of 1976 when the assignment of field staff, originally scheduled 
for April 1976, was becoming urgent only two available candidates with some of the necessary 
qualifications had been located.. They were consequently recruited, as of November 1976, 
in the expectation that the relative lack of experience in the use of Lsn 4.at imagery would 
be made good in the course of the work, since this was essential to achieve the project' s 
major objectives. 

In the case of one of the experts this expectation was borne out, in the case of the 
other it was not. The former was initially assigned to work in Benin and Togo and was 
assigned to Togo on a full-time basis from Angust 1977. H. was able to complete the 
interpretation and essential field work by the end of Narch 1978- The latter worked in 
Cameroon from November 1976  to November 1977,  but made little progress with rsalising the 
project's main objectives. 

Intensive efforts made to recruit suitable replacements for Benin and for Cameroon were 
without avail and the project would have been in a very diffioult position had it not become 
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possible to obtain the servioss of a consultant in September 19779 The latter was a 
forestry photo-interpretation specialist with some thirty years experience of geodetic 
surveying, forest surveys, photo-interpretation, and mapping in the tropics, including the 
project countries, and some experienoe of using Landsat imagery. 

In the course of two missions in Benin, each of two months, he was able to cosplete 
the vegetation mapping, initiate and supervise work on the two study areas and conduct 
training of oaunterpart staff, as well as drafting a technical report. 

The work for Caa.roon, including the vegetation mapping, the selection of study area. 
and the interpretation of the available aerial photographs, training counterpart staff and 
preparing subsequent work programees, and preparing technical report., was carried out in 
three missions respectively of two months, two weeks and one month, plus three weeks of 
Land.sat interpretation in Earopee As the consultant was not available on a continuing 
basis, these missions were carried out when his other comaitments al.lowed. 

In Togo, this to lack of personnel, no full-time technical counterpart staff was 
assigned by the Government to work with the project expert. In Benin there was & full time 
co-director (lecturer in geography at the University of Benin, Cotcnou), and two forestry 
technicians with some experience of forest inventory on another FAO project. From September 
1977 five geography students in their last year also spent varying amounts of time working 
with the project. 

In C.meroon there was also a full-time co-director seconded from the Forest Service 
(Ingenieur des Travaux) and at first three and later two forestry technicians without prior 
experisnoe in photo-interpretation. 

The two co-directors organized and conducted field surveys, but did not generally 
participate in the day to day technical activities, being occupied with the adinistr&tive 
and logistic aspects of project operation. 

By the end of the project several, of the technicians and geography students had become 
coi.tent in some aspects of the work, but none had mastered all the operations to a level 
where they could work without guidanc.. For those with the necessary aptitude, continuing 
practice and further training are therefore indicated. The project itself was in a 
position to award three fellowships for a total of seventeen n-months. 

One of the aspects of coordinating the project's work was to ensure that the results 
produced in the three countries were not only cospatible but as uniform as possible. 
Nevertheless, the bias introduced by the contrasing specializations and experience of the 
consultant and the expert working in Toga re.ine perceptible. 

The work in Toga was done by a field ecologist with relatively little previous 
experience in the application of remote sensing. The interpretation and mapping for Toga 
are on the whole less detailed than for Benin and Caaeroon, and the report provides a very 
full ecological description of the country and its vegetation, with less weight given to 
the application of remote sensing. 
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In Benin and Cameroon the work was done by a specialist photo-tnterpr.t.r with a fair 
knowledge of the vegetation but no ecological training. The maps were consequently rather 
more detailed and the r.ports provided very full accounts of the remote sensing aspects of 
the work, but less detail concerning the vegetation and its ecology. This difference in 
emphasis does not detract from the overall validity of the results; rather it my be 
considered an added advantage in that, within the project as a whole, both the ecological 
and remote sensing aspects have been treated very fully. 

The experience of the project indicates that the limited availability of people who 
combine fairly comon qualifications in tropical forest survey or plant ecology with adequate 
experience in the use of satellite data for the production of vegetation maps in the tropics 
could present a problem for large scale activities in tropical forest cover monitoring. 

Until now the major source of people trained or experienced in satellite remote sensing 
remains North America (National Research Council, 19779 p.135) and these tend to be mostly 
anglcphcne and without tropical experience. The fewer qualified people available in Irope, 
although more oconly multi-lingual and acquainted with the tropic., are in such demand 
that they are rarely vailab1e for the fixed term assignments offered by U.N. projects. In 
the short term, therefore, the recruitment of field staff with the necessary qualifications 
is likely to remain a problem, particularly for work in ncn-snglophone areas. The solution 
will be to train staff from developing oountries, as emphasized in the reooma.ndations of 
the three technical reports. While the project has made sow oontribution to this, it will 
require a large and sustained programas before the need for such specialists is fully eat. 

2.4 TRADING 

At an early stage of the project's field operations a training oourse in photointerpre-
tat ion and mapping was organised. This was held in T&ound6 from 31 January to 26 February 
1977. It was conducted by the same consultant who sub.equ.ntly exeouted the bulk of the 
project's field work in Benin and Cameroon. 

The course was conducted at the practical level, with most of the time spent on 
laboratory and field exercises. The course was attended by personnel from Cameroon 
consisting of the project co-director, two forestry technicians assigned to the project and 
three geography studante from the University of Taoundd. Prom Benin the course was attended 
by the two forestry technicians assigned to the project. Theae worked with the project 
throughout its duration. Of the two teohnicians from Cameroon one .tayed with the project 
throughout, the other left the project within the year. 

No personnel from Togo attended this course as arrangements had been made for the two 
counterpart teohnioal officers to attend a six weeks course being held about the same time 
by 12 in Lom. For administrative reasons their attendance at this course was only partial. 
The consultant provided a detailed report on the course in taound, including an evaluation 
of the students' performance on the basis of weekly tests and considered this to be very 
satisfactory. 

In Benin and Cameroon where counterpart personnel constituted the main element of the 
project staff, on the job training was intensively conducted by the consultant during the 
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course of his missions in those countries (194). This included, all aspects of the project's 
activities. However, as pointed out in the consultant' a report referred to above, practice 
and experience are the main basis for competence in these activities, to which periodic 
refresher COUrses may usefully be add.d. At the and of project's field activities the 
photoint.rpretation technicians in Benin and Cameroon had not reached a level which would 
permit them to work without guidance, or to enable them to train other staff. 

From an early stags the Governments of Benin and Camsroon insisted on the necessity of 
the adequate tri r'lg of the national staff to enable project activities to be pursued on 
the termination of T.UP/FAO assistance. The original allocation for training in the project 
budget was increased, to permit the financing of a four-month fellowship in satellite remote 
sensing for two of the geography students who had formed part of the counterpart team in 
Benin, and of a nine-month fellowship in forest surveys and remote sensing for the oo-dirotor 
in Caasroon. The two former fellowships were implemented from October 1978 to January 1979, 
the latter will be undertaken from January to September 1979. 

2.5 FYUIPJIRT 

&Luipment of a wide range of sophistication - from zoom stereoscopes through colour 
additive viewers to electronic density slicers with digital storage - has been and continues 
to be developed for the visual interpretation and mapping of Land,sa.t imagery. While such 
instruments undoubtedly have their uses, they require skilled operators and can be trouble-
some to maintain. As the project was foreseen to have access to such instruments at the 
Federal Department of Forestry in Nigeria, it was decided to acquire only simple mechanical 
instrument, which would entail no risk of breakdown and so avoid any compromise of the 
project's very tight programee. 

The adequacy of such elementary instrumentation for the detailed and rapid interpretation 
and mapping of Landsat imagery constitutes one of the project's most signifioant findings. 
It demonstrates that, at least in the first phase of developing a, capability for the 
application of remote sensing data, the emphasis can be placed on training staff in the 
characteristics of the data and of the resources to be managed., rather than on complex 
instrumentation. 

A. described in 3.5 the basio interpretation was carried out on imagery in the form of 
diapositivea. These were placed on a light table and *&m4ned under an ordinary mirror 
stereoscope, These two items formed the oore of the essential equipment. The mirror 
stereoscopes also served for aerial photointerpretation, of which the results were transferred 
to a map base using a sketchmaster. 

Ancillary items included pocket stereoscopes for use in the field,; hand lenses for 
examining fine detail on the imagery; an overhead projector for projecting the imagery 
diapositives onto a topographic map or an assembly of aerial photographs; planimet.ers and 
dot grids for area measurements and a pantograph for transferring detail between documents 
of different scales. 

Other than this, only the usual range of draughting materials was used. In this 
connectIon it was found that draughting film less than 0.05 mm thiok tended to be very 
unstable in tropical conditions. 

- 

sg 
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For field work the normal range of equipment was used, including cameras, binoculars, 
cassette recorder (for aerial .urveçy), coepas., altimeter and measuring tapes. 

2,69 COLIABORATICK WITH NIGIA 

The project document states (301) "Aotual monitoring will be carried out in the three 
francophone countries (Benin, Cameroon and Togo) and close collaboration will be seoured 
with the forest monitoring activities of the Nigeria project." 

Although no formal Agreement was signed by Nigeria and FAD as foreseen (1. 1), the 
Nigerial authorities - the Director, Federal Dspartment of Forestry and his staff - and the 
staff of the TJNJP/F&0 NIR/71/546  Forest Dev.lopment project in Ibad.an were at all times 
very cooperative. 

The Federal Department of Forestry had coeplete Side Looking Airborne Radar (SLAR) 	* 
cover of Nigeria flown in 1976-779  The interpretation of the SUE cover and preparation of 
vegetation and landuse maps at 1:250  000 for the whole of Nigeria was sub-contracted to a 
firm in the U.K. The project coordinator maintained close contact with the firm, in 
particular over the vegetation classification being developed for the SLAR sopping, since 
both sides agreed on the desirability of using a comeon classification as far as possible. 
Initially the pilot project' s classification (2.1) formed the basis for that being used for 
Nigeria, but subsequently this was abandoned and the classification developed for the new 
Unesco sponsored 1:5 million vegetation map of Africa was adopted, which departed 
considerably from the classic 'Tangaabi' terminolo-. The pilot project's and the Nigerian 
classification are consequently substantially different as regards the 'tam4ng  of many of 
the classes (and the Nigerian aspi at 1:250  000 have rather more olasses than the project's 
smaller scale maps), but the correspondence between the two can be readily established. 

Of the 69 map sheets covering Nigeria about half had been printed by the and  of 1978. 
Among those which could be et,iied was one which adjoined the pilot projectt s mp for 
northern Benin. Allowing for the different scales the aspi display a good match. 

Farly in the project it had been oonteep].ated to conduct preliminary interpretation of 
the landsat imagery using the instrumentation at Ibadan. A colour additive viewer was 
available there and a density slicer was due to be installed. There were also excellent 
photographic facilities. the Nigerian authorities were agreeable in principl, to such an 
arrangement. However, apart from a very small amount of work, this could not be pursued 
partly because of chronic difficulties in operating the instruments due to problems of power 
supply and procurement of spare parts (and a long delay in the installation of the density 
slicer), partly due to the delays experienced with the project's progra,ase in the early 
stages. 

It had initially been envisaged that the remote sensing activities of the Nigerian 
Forest Development project would include analysis of the change in vegetation cover in a 
number of representative regions, analogous to the pilot project's study areas and that the 
latter would participate in these. Although this did not prove to be possible, one study 
was carried out in Nigeria, in six eaiiçls areas in the extreme north between Sokoto and 
Naiduguri. These used aerial photography from 1950 and L.ztdat igery from 1976 to coepare 
changes in the area of cultivation between these two dates. 
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The vegetation maps produced from the SL&R cover of Kigsria can be used in the earns 
my as thoes prepar.d by the pilot projeot, to dstermine critical areas as a basis for 
monitoring activities (5.2.2).  When the printing of the Nigerian maps has been coq)let.d 
it will also be possibie to prepare a oonaolidat.d vegetation cover map, at an appropriate 
coal., which could ssrve to record the pr..ant stats and subsequent changes of forest oovsr 
over the oornbinid area of the four countries. 

41- 	'S 
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CRAP!1R 3 

Y MATICIF K&PPThG USDiO LAIDSAT IX&T 

3.1 INThO]ZJCTItII 

From the titie of the project and its objectives (1.1) it isa to be understood that 
the formations to be mapped were not only the forests but also those with an element of 
woody vegetation - woodlan& and tree and shrub savenn. The concept isa evidently not 
limited to forest as such, given that for example in Bsnin there were only some 63 000 ha 
of forest, less than 1% of the total area of the country. It was equally clear that no 
detailed work would be undertaken on areas without woody vegetation, although such areas 
were identified and delimited on the maps in order not to leave unidentified blanks and to 
ind.ioate the conditions on the boinwIai.s of sras of direct interest. The latter has 
particular relsvanoe to the identification of critical areas to be monitored (see 5.2.2). 

The project dooent was adapted in many respects from T1IEP/FAO project 0202-73-005 
"Porszlation of a Tropical. Forest Cover Xonitoring Project" (FAa, 1975), whrs it was stated 
that the term 'forest' was to include "all woody vegetation types down to .brub1eids 99"(2,1), 

The 'Porimilation' also states (4.41.): "It is proposed to use as a main source of 
information satellite imagery ...". This was also isplicit in the forsilation of the pilot 
project, in that 25 s.xz/months of field sxperts were allocated to map the vegetation of 
Togo, Benin and Caasroon, whose aggregate area was given in the project document (3.01) 
as 644 000 oil2 9 and carry out the 'back-look' studies. 

392 ASSSØIT CW' LND$AT DUGERT FOR KAPPThO ThOPICAL FORT C0VER J 
The detailed vegetation cover maps of Togo, Benin and southern Caneroon prepared by 

the project, in each case ooulrising the first such maps produced for these areas at this 
scsi., indicate the considerable possibilities of the application of Landeat data to this 
type of work. Dsspite the shortcomings described below, the Lendsat imagery which was 
available generally permitted the relatively rapid and accurate delimitation of the major 
vegetation classes of interest. In certain instanc.., notably class 14 on the Togo map 
(mu Appendix 3) 9  a rather wids range of physiognomic types could not be distinguished with 
sufficient certainty or oonsist.ncy to permit their esparation. But this did not detract 
from the general validity of the method. 

/ As the terms 'scene' and 'image' are frequently esploy.d it will be useful to define 
them, The continuous 185 km wide strip of the earth' a surface recorded by the satellite 
is divided into units 185 km long before the data is processed and disseminated. The 
data corresponding to such a from of 185 km on a side constitutes a scene. A scene is 
therefore defined by its geographic coordinates and date. The coordinates vary only by 
a few seconds or minutes at different date.. The nua.rioal data cooprising a scene is 
in most oases transformed into photographic negatives for each spectral band and their 
colour combinations. These negatives are used to g.nerate a range of photographic 
products which constitute the images of each scene (generic:imm,gery). 
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Where..s aerial photography displays an optical image of the ground., albeit from an Un-
accustomed (vertical) viewpoint, Landsat multispectral imagery displays a rather complex 
and degraded analogue representation of features on the earth' s surface. (The complexity 
arises mainly from the variable mixture of elements on the ground (e.g. soil, grass, trees) 
within the limits of resolution; the degradation from the numerous processes in the produc-
tion of a photographic image from the original numerical data). Consequently Lindsat 
imagery r.quires rather more elaborate decoding than an aerial photograph, quits apart from 
considerations of scale and resolution. 

For mapping vegetation over large areas at scales of 1:500  000 or 1:1 million, the 
small scale of the staii'ard Landsat photographic products (normally 1:250  000 to 1:1 million) 
and the degree of integration dus to the limited resolution of thee, image. (very variable 
but rarely better than 200 m in a given direction) are useful characteristics. The 
difference of scale and detail between the map to be compiled and the imagery is thus far 
smaller than would be the case with conventional aerial phtography, at scales generally not 
sller than 1:80 000 and displaying detail down to a few metres in size. To this must be 
added the fact that a L'!'tdsat scene covers 185 x 185 km (34  225 kin2 ), requiring about 800 
aerial photographs at 1:50  000 (with the usual overlap) to cover the same area. From a 
purely logistic aspect it in therefore much more convenient to work with Landsat imagery 
than with oonventional aerial photography when mapping extensive areas. This is not to say 
that Lazidsat imagery can or should entirely replace aerial photography for working at these 
scales; but it does permit its use to be reduced to the absolute minimum required as a key 
to interpreting specific features on the imagery. Such interpretation, obtained from a 
restricted numb.r of aerial phtographs, can frequently be extrapolated over large areas of 
a Landsat scene and so yield considerable savings in cost and time. 

Another major advantag, of Landsat imagery is that it exhibits very little distortion 
in relation to a geodetic map of the same area (Mott and Chismon, 1975; Wong, 1975). The 
process of transferring the boundies of vegetation classes from an image to a map base 
can therefore usually be accomplished by more or less direct tracing from one document to 
the other (3.7). With aerial photographs, especially when the p*os and map are of widely 
different scales and the terrain is not flat, the process is laborious and costly and 
usually requires the use of a hctogrsmeetric instrument, evn if of a low order. 

A corollary to the dimensions of a Lsndsat scene is that the ooherent (synoptic) view 
of a very large area which this provides may itself generate some information not otherwise 
obtainable. The distribution and juxtaposition of features and the transitions between 
them, over several tens of thousands of square kilometres, is inevitably instructive and 
the patterns which emerge often suggest a first level of interpretation. 

Subsequent levels are then attained by the process described in 3.5. To what extent 
all the stages of this process have to be applied and over what length of time will depend 
partly on the complexity of the vegetation and of its spatial distribution, partly on the 
quality of the imagery available (see below), and largely on the familiarity of the inter-
preter with the area or with similar conditions - metaphorically, on whether it is a case 
of picking up a dialect, or of learning a new language. 

Once the interpreter has beam.e sufficiently familiar with the main features of the 
natural vegetation and land use (which is an inseparable boundary feature), the detailed 
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interpretation, including checking with ancillary information such as air photos, topographic 
maps and othór documents, can proceed fairly rapidly. The project' • experienced photointer-
preter in Benin and Cameroon was able to compl.te the detailed interpretation of an image 
in about five days. A lot of additional work is of course required before this results in 
the compilation of a map. N.verth.leas, it is a rats of progr.ss which compares very 
favourably with the time which would be required to interpret several hundred aerial photo-
graphs for a compilation at the same scale. 

A comparison between the 1:500  000 vegetation maps produced by the project for Togo and 
Benin with a vegetation map of Ivory Coast at the same scale (oRSToM, 1971), made by the 
conventional procedure of serial pograph interpretation, shows that the detail and the 
range of physiognomic types mapped are very similar. This provides some indication that 
the use of Landast imagery, with the attendant advantages in terms of time and cost, does 
not necessarily imply any loss of detail at the scales used by the project and under the 
conditions encountered. 

It is worth pointing out, however, that the imagery had certain shortcomings which, if 
remedied in whole or in part, would result in a significant improvement of the efficiency 
of its use in tel of time and cost, and in many instances increase the detail and accuracy 
of the maps produ.oed.. 

The major problem in this respect was the absence of lanAast cover for parts of the 
project area. This was either because no image had been recorded (e.g. southern Cameroon) 
due to persistent cloud cover, or the recorded images were obscured by cloud (the coastal 
areas and southern Cameroon). This resulted in approximately 25% of the area mapped in the 
three countries being without Landsat cover, mostly in Cameroon. The technique used to 
overcome this problem there is described in 3.5.4. In Togs and Bonin only the coastal, 
mainly agricultural areas were seriously affected and these were there! ore mapped in less 
detail (Togo), or with more intensive ground survey (Benin). 

When several images with extensive cloud cover have been recorded for a scene, since 
the gaps in the cloud will generally be in different places at different dates, such scenes 
can be used in combination to obtain a 'cumulative' image of the area. Uowsvez, this would 
not work when the oloud is diffused over the whole scene and the gaps are therefore very 
small, which was the case with some scenes. 

In southern Csn.roon where this problem was most severe some virtually cloud-free 
scenes had been recorded, whereas adjacent scenes were unrecorded or almost totally cloud 
obscured.. This seems to indicate that for the latter it should also be possible to 
obtain cloud-free imagery, although this would require a deliberate campaign of data 
acquisition on the part of NASA. In 1977 such a campaign for this area was in fact 
arranged with NASA, to take advantage of the launch of Lsndsat-3. But this resulted in 
only one new image for a scene somewhat to the north, for which good imagery was already 
available (2.2). 

Among the major advantages cited for Landsat data, particularly for vegetation mapping, 
is the possibility of obtaining contemporary cover for very large areas and for a range 
of seasons. Even more important is the ability to select imagery recorded during the most 
favourable period for the purpose in view. The very real advantages represented by these 
factors were not available to the project and are in fact rarely met with in the tropics 
outside the areas covered by Landsat receiving stations. 
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Figure 1, Scene 1478-08454, 13 November 1973. The light fleck in the centre is the 
town of Batouri in Southern Caneroon. The forest-savanna boundary appears 
very distinctly, as do areas of degraded forest (lighter red), forest 
outliers, galleries and areas of burnt savanna (blue). One of the few 
cloudless scenes over the forest zone. 

Figure 2. Scene 2134-08470, 5 June  1975.  Except for the extreme southern part the 
area lies to the north of that mapped in Cameroon. The overwhelming spectral 
response of the new grass cover early in the rainy season is well illustrated, 
as well as the incidence of c1oud. 
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Figure 3, Scene 2332-08445,  20 December 1975. The same area as figure 2, in the dry 
season, showing the extensive burning of the grass cover (blue). 

S 

Figure 4. Scene 1210-085909 18 February 1973. The same area as figures 1 and 2, 
later in the dry season of a different year. The shift and spread of the 
burnt areas is striking, especially in the south west corner. 
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The two main reasons for this are the limitations on the frequ.ncy with which scenes 
can be recorded outside the direct range of the existing receiving stations (at the time 
limited to North America, Italy and Brazil), and the monsoonal climate of most of the 
tropics, oharacterised by an extended rainy season with abundant cloud cover, particularly 
at the time of the Lndsat pass at about 09.40 hours at the equator. 

As a result of this situation about 75% of the project area was covered only by dry 
season imagery, on which the predominant features (outside the high forest zone) were 
areas where the grass layer had been burnt. No direct interpretation of the vegetation, 
other than grass,present on these areas was possible, although inferences about other 
formations could be made. The few scenes for which imagery of more than one season was 
available clearly indicated that such cover could greatly facilitate interpretation, 
especially when the dry season imagery was extensively obscured due to burning. In addition 
to the relative sparseness of Landsat cover for the project area, the ueeable images had 
been recorded in various months during the dry season of years ranging from 1972 to 1976. 
This chronological disparity inevitably affected the accuracy of the vegetation mapping, 
controlled from air and ground surveys conducted in 1977/78. 

A third factor militating against obtaining optimum results from the imagery was the 
mediocre quality of a large proportion of the standard photographic products delivered by 
the EROS Data Centre (EDO) and even more so by the USD& Western Aerial. Photography Laboratory 
which was used at one time because both its prices and delivery time were lower than those 
for the EDO. The film products (diapositivea) were often very dense so that even on a 
light table little could be seen. The colour products were extremely variable in colour 
rendering, both in space and time and the colour prints were often not particularly sharp 
and tended to have a uniform tint. 

In recognition of this problem the EDC established a completely new production system 
(EROS Digital Image Processing System - EDIPS) in February 1979 by which both digital 
enhancement and improved colour processing is routinely applied to standard products. 
The resultant images will therefore be more readily interpretable than those which were 
available at the time of the project. 

3.3 DL&QE ERHANCT 

As pointed out in 3.2 the quality of the Lmndsat imagery available to the project was 
generally mediocre and it was evident that interpretation could be more detailed and accurate 
using enhanced imagery. Production of the latter involves processing the data constituting 
a scene in its digital form on a computer compatible tape. This enables the banding effect 
to be eliminated, and the introduction of better contrast, thus improving resolution and 
edge detection. It would also have allowed optimum photographic processing for sharpness 
and colour rendering. The possibility of obtaining computer enhanced imagery was therefore 
investigated at an early stage of the project. It was found., however, that at the time 
(mid-1976 ) there were no operational facilities in existence which oould perform the 
enhancement of some 30 scenes at a reasonable cost and in a reasonable time. The EROS Data 
Centre, main source of Landsat imagery, is due to produce enhanced imagery on a routine 
basis starting in 1979, but this has come too late to benefit the project. 
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Colour additive viewing of the lAndsat imagery was used only on an experimental scale. 
Originally the possibility was considered of letting the two field experts spend some time 
examining the Lsndsat imagery on a colour additive viewer, before going into the field., but 
in the event the scheduling of the work programme did not permit this. Nor was it 
subsequently possible to use the colour additive viewer in Ibadan (Nigeria) due to the 
problems of power supply there and the exigencies of the exper -ts' programme. The denaity 
slicer being installed at Ibadan is becoming operational over a year after the date 
originally scheduled and was therefore not available (2.7). 

This is not considered to have affected the ability to interpret the imagery. The use 
of a colour additive viewer can be helpful for the pr.liminary evaluation of certain image 
characteristics, but is only useful for interpretation in proportion to the information 
available about the area concerned. Once the experts were in the field, with the posøibility 
of making ground and air surveys, the use of a colour additIve viewer or density slicer was 
no longer necessary. 

The experimental -olour additive procedure which was used consisted of having controlled 
diazochrome colour composites made for part of one soene of Cameroon and one of Togo. None 
was made for Benin to there was no staff in the field there at the time. 

The d.iazoohrome products were made by the Department of Natural Resources of Cornell 
university (. J.E. Skaley) where a computer model has been developed for evaluating the 
several variable, involved in making d.iazo composites to obtain maximum contrast between 
specified grey levels on the original imagery (Skalsy at al., 1977) 9  

The diazochrome composites were mad.e from the 70 mm transparencies and covered some 
3 800 km2  at a scale of about 1:275  000. The balanced colour rendering greatly enhanced 
the contrast between various features on the imagery and highlighted very subtle differences 
(figure 5). Due to the generally poor quality of the Land.sa,t colour imagery (diffuse and 
variabls colour rendering, lack of contrast and sharpness) the enhanced diaso products would 
have greatly facilitated interpretation and mapping of vegetation, had it been possible to 
make these for the entire Landaat cover bedpg used. Unfortunately, this was not something 
the laboratory concerned could undertake.' 

The work of the project was therefore carried out with the routine products available. 
While these were adequate for the purpose, part of the information recorded by the satellite 
was degraded and not available from these products. To have maximum access to the 
information content of Landsat imagery for vegetation mapping the use of imagery enhanced 
by whatever procedure is most appropriate is strongly to be recommended, although the 
relative costs and benefits must also be taken into account. 

Although there appear to be no commercial facilities which can readily produce diazo 
diapositives in large format and for numerous scenes, an increasing number of remote 
sensing institutions are undertaking such work on a routine basis for their own 
purposes and could probably handle a limited number of scenes for outside interests. 
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Figure 5a (opposite), A d.iazo false colour composite of a portion of the scene reproduced 
in figure 1 (1478-08454),  depicting an area in the south of Cameroon. The illustration has 
been reproduced from a 35 mm slide of the original, which has a scale of about 1:140  000. 
The diazo copy is composed of band 5 (positive) in cyan, band 7 (negative) in yellow, band 
5 (negative) in magenta. Green is undisturbed forest; light blue is degraded forest and in 
the galleries includes inundated or swamp forest and other ripaxiaxi vegetation. Burnt 
grassland, mainly at the bottom centre, appears as a mixture of red and blue and unburnt 
savanna with varying proportions of trees and shrubs as a mixture of red and green. The 
red patch at bottom left is the town of Bertoua. The effect of the striping in the origninal 
image is evident. 

Figure 5b (opposite). Diazo false colour composite as 5a, but composed of band 5(negative) 
in cyan, band. 7 (negative) in yellow, band 7 (positive) in magenta. Undisturbed forest is 
yellow, degraded forest magenta and very subtle variations in the forest canopy appear to 
be depicted. The burnt areas are strongly contrasted.. 

The colours of the original diazo copies have been somewhat modified during the various 
stages of their reproduction here. 
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3.4 SELZCTI(1 OP MAP SCALE 

Stsnd.R.rd Landsat imagery is commonly available at scalsa of about 1:3.4 million, 1:1 
million, 1:500  000 and 1:250  000. The entire range of products (black and white and colour 
prints and film transparencies) is routinely available only at the scale of 1:1 million. 
This and the 1:500  000 (for which only the colour transparency is not produced) are also 
the best scales for interpreting vegetation, since 1:3.4 million is too small and at 
1:250  000 the placing of linear boundaries around vegetation and land use classes which do 
not exhibit well defined bounaries, either because there are transitions on the ground, 
or because the imagery is not of good quality, becomes increasingly difficult. 

It was clear, therefore, that the interpretation would be done either at 1:1 million 
or 1:500  000. For Togo and Benin the larger of these scales was selected f or the mapping 
as this would permit showing all detail of interest, but .till be practicable as relatively 
few scenes were involved and in that one map sheet would suffice for Togo and two for Benin. 
This also kept the actual map drawing work to a reasonable level, given the limited time 
and staff available to the project. Furthermore the Governments preferred the use of this 
scale. 

In Cameroon, from cartographic considerations alone, it would also have been preferable 
to map at 1:500  000, to be able to show fine detail which could be interpreted in certain 
areas. However, the whole of Cameroon is covered by about 16 sheets at this scale, whose 
production would have faced the project with an unmanageable task. Even when it was decided 
to map only the southern portion of the country these considerations were still valid, since 
time and manpower were then even more critical, so that the scale of 1:1 million was retained. 

The scales of 1:500  000 and 1:1 million used for the vegetation maps, though selected 
pragmatically, are the same as those recommended in the 'Formulation' (4.4.1). 

3.5 IMAGE DiTPRPATI(i 

Whereas on an aerial photograph it is generally possible to identify such features as 
tress, shrubs, grassland, bare soil, urban areas, eto. directly, this is not the cans with 
Landsat imagery. Although the images are produced on photographic paper, or film, by 
the usual developing and printing of negatives, the tones and textures on the latter are 
derived from electronic signals corresponding to a range of integrated levels of reflectanoe 
from areas of about 0.4 ha (ca 1 acre) on the ground recorded by the Landsat multispectre.l 
scanner. Consequently there is no photographic image of the kind obtained when a film is 
exposed through a lens on which the features are more or less immediately recognisable by 
the human eye. 

The recognition of features on a Landsat image, i.e. its interpretation, is therefore 
somewhat analogous to learning a code and is best approached by a series of steps d.rected 
at establishing the correspondence between tones of grey, or colours, and textures on the 
image and the features on the ground whose reflectance gave rise to them. 

If an area is well known and can be located on a Landsat image then the matching of 
the distribution of tones and textures on the image with the known features on the ground 
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is fairly readily accomplished, at least in theory. In practice, relatively small variations 
of ground features such as density of the vegetation cover or of soil colour, which can be 
ignored for purposes of classification when mak i ng observations on the ground., may canee 
considerable variation of appearanc, on satellite imagery. Conversely, some variations 
readily observed on the ground and possibly on aerial, photographs, such as species 
composition of a forest, may be completely undetectable on a Landeat image. 

The essential procedure for interpreting Lsndsat imagery in terms of vegetat ion cover 
is therefore to obtain as such relevant information as possible lb out the area concerned, 
matching this information with the imagery and progressively refining the detail with which 
this- is done, and then extrapolating the resultant intsrpretation key as extensively as 
possible. 

3.5.1 Pamiliaris&tion 

The readily available literature on the vegetation, geo1o, soils, land—use and 
climate, including thematic and topographic maps, was Amined in conjunction with the 
imagery. At this stage it was usually most instructive to examine mainly the colour 
composite images (1:500 000)  rather  than  individual speotral baths printed only in black and 
white. 

Certain feature., such as the larger rivers and lakes, urban agglomerations and areas 
of pronounced relief could for the most part be readily identified on the imagery at a first 
look. By reference to topographic naps the location of such features could be estiblished 
and, by extrapolation, the location of areas whose appearance on the image gave no direct 
clue to their nature. 

At this stage it was useful to delimit areas of broadly homogeneous appearance on the 
image and then compare these with topographic and themttic maps to establish any relation-
ships beiwsen image and ground features which might emerge. If aerial photo mosaics had 
been availabl, these would have been the most informative documents to use because of their 
high information content in a form readily matched with Landsat imagery and the relatively 
large area they cover. However, mosaics were not available and quotations for their 
production from the available photo cover were prohibitively expensive. 

In practice major geologic and/or soil boundaries, boundarie, of pre&omin*ntly 
cultivated and non—cultivated land and of areas with a more or less closed vegetation cover 
(but only if in a gren state, since the chlorophyll pigments give rise to the characteristic 
spectral reflectance of vegetation) could generally be identified at this stage. 

The season at which the image being examined was recorded must be taken into account, 
as this strongly influences a range of factors such as the state of the vegetation, the 
annual land use cycle (particularly the presence of burnt areas) and variations in soil 
moisture, which can all have a pronounced effect on the appearance of an image (figures 2, 
3 9  4). Preliminary information on such factors was obtained, where necessary, from the 
relevant literature. 

Further insight into the way in which given features are represented on an image was 
obtained by noting smaller areas of homogeneous and well defined appearance and locating 
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these on a map, or on recent aerial photographs when available, to determine what they 
represented on the ground. A useful technique for matching imagery and maps, or rough 
assemblies of aerial photographs, was to fix the latter on a wall and use an overhead 
proj.ctor to project the 1:1 million colour tran.parecy of an image, matching the scales by 
moving the projector to the appropriate distance. The latter in facilitated by joining some 
of the geographical coordinate tick marks on the image, on a thin film overlay, and the 
same coordinate, on the map and moving the projector until the lines coincide. Doing this 
for a range of locations led to the progressive construction of an interpretation key, at 
least for a given image, amos abso].ute colour or grey level values tended to vary from one 
image to another. But by virtu, of increasing familiarity with an area and the corresponding 
Landsat cover, such variations posed progressively less of an obstacle to interpretation. 

At a point in this procedure when the int.rpr.tsr had an adequate idea of the nature 
and range of features to be .noountered on the ground and was sufficiently familiar with 
the imagery to perform fairly ready matching between image and ground, it became most 
useful to take the images into the field for a first direct checking and interpretation. 

This may also be preceded by a broad reconnaissance of the area prior to any interpret-
ation, particularly if the available maps and literature are inadequate and/or the interpreter 
is unfamiliar with the region. 

3.5.2 Aerial Surveys 

Such reconnaissance surveys are best done from the air when this is possible. For 
mapping whole countries it enables the extensiv, areas involved to be surveyed more 
efficiently than from the ground. Features required for orientation on the imagery can 
usually be readily located from the air and the synoptic vertical view of vegetation 
pbsiognony, particularly crown closure, and of the spatial distribution corresponds more 
closely to the appearance on the imagery than that obtained from ground traverses. 

The most useful aircraft is a helicopter of the four seater type (e.g. Alouetts 2 used 
in Togo) where the cabin is mostly of clear plastic giving a good field of view. The 
nmzioeuv,ring and hovering capabilities are also useful, permitting a closer and more 
prolonged look at given features. A slow flying speed of ca 130 km/hr can also be readily 
maintained. If light aircraft are used they should have analogous characteristics, i..* 
high wings not obstructing the view and the ability to maintain a relatively low flying 
speed. The single-engine Cessna 206 and twin-engine Part enavia used in Cameroon and flying 
at ca 200 km/hr were found very suitable, whereas the Antonov single-engine biplane used 
in Benin was less so. The most suitable flying height was found to be between 200 m and 
300 m, although this can vary with several factors, including the terrain and the 
variability of the vegetation units being examined. 

As aircraft rental is costly (Cessna 206 $100/br; Pa.rtenavia $240/br,  $360/br from 
June 1978) and planes are not necessarily available at short notice, it is essential to plan 
flights carefully in advance. The pilots were usually given flight plans drawn on a 
1:500  000 map. Ideally the observer would occupy the co-pilot's seat, both for the view 
and to check bearing and speed from the instruments. Observations recorded at regular, 
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e.ge two minute, interval, could then subsequently be plotted in terms of distance on the 
flight plans. When sufficient personnel in available it is most efficient to have one 
observer for each side of the flight line and a third to take photographs. 

It was also useful, particularly in the .arl.y stag.s of the work, to make direct 
Oosparisone between the satellite imagery and the ground, using the 1:500  000 oolour 
composites overlaid with clear film on which major road.s, rivers and towns were m.rked to 
facilitate positioning during the flight and the annotation of the images. 

The use of cassette recorders was tried for recording observations, but was found 
unsatisfactory because of the considerable time required to transcribe the recording and 
the difficulty of doing this due to the high noise level in the small aircraft used. A 
detailed account of the procedure adopted for aerial reconnaissance and recording the 
observations is provided in an appendix to the Berzin and Caasroon reports of the project. 

3.5.3 Ground Surv..1  

Ground surveys were also made at various stages,both for initial reoonn&issazzcs 
purposes and later to obtain information on the structure of the vegetation (height, grass, 
shrub and tree layers reen, the species composition and relevant eoological factors, 
and to check interpretation of the imagery and aerial photographs.. 

In Togo species composition was sampled by enumerating the trees and shrubs on 
rectangular plots 20 a x 100 a. In Cameroon circular plots of 100 a diameter were 
enumerated and in Benin observations were made without marking out plots. In all cases 
the observations or plots were boated, subjectively at characteristic sites. Detailed 
field sheets were completed, in each case and subsequently analysed to yield the floristic 
and other data used in describing the vegetation classes mapped. 

3.5.4 Interpretation 

Raving acquired adequate familiarity with the vegetation to be encountered in the 
field and its appearance on the imagery, and taking into account ithat could be inferred 
about the spectral properties of various types and states of vegetation and related features 
in terms of the Landsat spectral bands, the next step was the detailed interpretation of 
the imagery in the laboratory. 

While varying in sequence and in the emphasis placed on various procedures according 
to circumstances, the interpretation was carried out using the following techniques. 

Direct interpretation of the 1:500  000 colour composite prints. This could be done 
readily for galleries and other isolated areas of forest for example, appearing in red 
against a background of other colours, and to some extent for savanna types and cultivated 
arias. 

Interpretation of the 1:1 million transparencies over a light table. Bxcept when the 
transparencies were very den.e, which was sometimes the case, their examination with a xlO 
hand lens enabled very f in. detail to be observed, although with a very restricted field 



- 27 - 

of view. It was found that the traneparsnoisa were best viewed, with a mirror stereoscope. 
This gave some enlargement while viewing a large portion of a scene. More significant, 
however, was the possibility which this gave of viewing two spectral bands at the same time, 
or the colour composite together with one spectral band in black and white. This was 
consequently a versatile method permitting a systematic examination of all the possible 
band combinations and selection of the combination most useful for the interpretation of a 
given area or type of vegetation. 

When mapping was at 1,1 million, as for Cameroon, interpretation was carried out directly 
under the stereoscope (as with air photos), a clear film overlay on one of the transparencies 
being marked up with the boundaries. For mapping at 1:500  000, the results of examining 
the 1:1 million transparencies were used to refine the interpretation made directly on 
overlays of the colour composite prints at that coal.. Considerable use was also made of 
the aerial photographs in the course of interpreting the Lendsat imagery, to provide a key 
to the leas obvious features appearing on the latter. 

Effectively, thersfor•, a multiphase interpretation prooedure was implementad, ertre-
polating from relatively costly and time oonsuming low-intensity surveys (in terms of the 
area covered) from the ground and the air, via air photo interpretation - intermediate in 
cost, time per area interpreted and the extent used - to intensive interpretation of large 
areas on satellite imagery. 

In Cameroon where no recent aerial photography was available and the area to be mapped 
was also much larger than in Togo and Benin the relative amount of ground survey was very 
low, whereas a considerable amount of survey from the air was undertaken. The latter was 
pirticularly necessary to complete the map in those areas where no cloud-free Landsat 
imagery was available, amounting to about 20% of the area mapped. The procedure adopted 
for these areas, whioh in the south-east were mostly covered by virtually unbroken high 
forest, was to make survey flights to observe and map changes in the forest cover from that 
represented on the 1:200 000 topographic maps. These maps were made from aerial photographs 
taken around 1950 and depicted forest boundaries very accurately. After the 1:200 000 maps 
had been updated from the observations made on these flights, a pantograph was used to 
transfer the forest and other vegetation boundaries to the 1:1 million vegetation map. 

3.6 DEVEWPKWT OF THE MAP IMMDS AND THE ECO.-FLORISTIC Z0N&PIC1 (see Appendix 3 and 4) 

Each of the vegetation maps displays a legend consisting of vegetation classes grouped 
by eco-floristio zones. The establishment of these legend.s was very much a progressive 

- 	procedure and a complex undertaking in so far that the legends for the three countries htd 
to be mutually consistent and at the same time capable of adaptation to other parts of 
Africa and eventually to other geographic regions in the context of global tropical forest 

- 	cover assessment and monitoring. 

These requirements were specified when an initial classification was commissioned (see 
2.1), as well as that it should be a ph.ysiognomic classification, i.e. based on the height, 
crown closure and structure of the plant communities, and be compatible with the Unesco 
(1973) and Yangambi (Troohain, 1957)  classifications. 



- 28 - 

In essence the classification used corresponds to that of Yangambi. Especially among 
anglophone workers, there has been a tendency to abandon the Tangambi classification, 
particularly for mixed formations (grasses and trees or shrubs) for some time. This is 
evident from the classification proposed for East Africa by Pratt et a]. (1966) and F. White's 
now vegetation map of Africa (as yet unpublished) at 1:5 million. Following the latter the 
1:250  000 vegetation and land uss map of Nigeria prepared in 1978 has also largely departed 
from Tangambi (2.6). Nevertheless, the adherenoe to Tangambi of the project's classification 
is considered appropriate because the terminology is still the most familiar in the franco-
phone countries concerned and so most readily conveys an image of the vegetation which is 
actually present. To do this was oonsid.r.d an important objective in constructing the 
legends, given that the maps would be put to practical use rather than constitute only 
scientific documents. 

For this reason also the spatially dominant physiognomic type was indicated when it 
was necessary to include more than one of these in a class. In the case of the more variable 
vegetation types, e.g. the savanna formations, the naming of a class could only indicate 
the dominant component(s) in any case and the presence of variants must be sxpected, e.ge 
the occurrence of grass savanna in extensive areas of tree and shrub savanna, or the presence 
of the latter in areas of woodland savanna. 

It must of course be borne in mind that linmar boundaries placed on a map to delimit 
complex natural phenomena such as the spatial distribution of climatic and topographic 
variables and of the vegetation itself can rarely be more than a generalized indication of 
the situation on the ground, reflecting the map compiler's best judgement. 

The actual vegetation classes for each legend were developed progressively according 
to the vegetation which was found to be present, the relative importance of the different 
types and the possibility of consist.ntly separating the various physiognomic types on the 
Land.uat imagery. 

In Benin the main tree crop plantations areas (oil palm, coconut palm) in the coastal 
zone were also mapped, at the request of the Government. This was done mainly from 
reconnaissance flights and an existing map, as the Landeat imagery for this area was mostly 
obscured by cloud. 

Over the geographical extent and altitudinal range of the project area, and due to the 
human impact on much of the vegetation, a given phy.iognomic type could represent climax 
or non-climax vegetation and have very different floristic and dynamic characteristics. To 
reduce the variation of the ecological status of the physiognomic classes the project area 
was stratified by division into broad eco-floris-tic zones. The definition and delimitation 
of eco-floristic zones also constitutes a stratification of the vegetation cover into more 
homogeneous groupings and as such can facilitate interpretation of Luidsat images and aerial 
photographs by limiting the types to be sxp.ct.d at a given location or, conversely, can 
permit the presence of a given vegetation type to be inferred on ecological groundb when 
it is not directly identifiable on photographs or images, as described below. 

The eco-floristic zonation was originally made at 1:5 million for the whole project 
areas as part of the initial classification commissioned by the project (2.1) and then 
refined in the course of the vegetation mapping of each of the three countries. 
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The eoo-floristic zones were defined primirily on the basis of altitude and mtnf*11. 
In this connection it is important to wts that in the project countries altitude becomes 
progressively less significant, in terms of inducing rainfall, with increasing latitude 
(equated with distance from the coast in the case of Togo and Benin). Thus some areas 
in Togo (the ]paong scarp) and Benin (the Atakors range) were included in the low-altitude 
zones although exceeding the altitud.inal crit.ria for these since, due to their northerly 
location, they exhibited the same rainfall (and floristio composition) as the surrounding 
lower areas. 

Taking the eco-floristic zones of the oomsissioned classification as a starting point 
the available rainfall data was mapped and the significant altitudinal limits determined 
in relation to the distribution of the vegetation. These two factors thus gave a first 
approximation to the location of the eoo.-floristic zon*s #  which was then refined with 
reference to soil mips and predominantly, of course, to the distribution of the vegetation 
classes on the ground and their floristio composition. The latter was obtained from 
extensive sampling in Benin and Togo and from the detailed descriptions of Letouzey (1968) 
f or Cameroon, The general procedure used to define the zones is shown in Appendix 7. 

Particularly in the low rainfall conditions at the lower altitudes in Togo and Beam 
soils were found to have a determinant role in the distribution of areas of true forest. 
In such a case the spatial distribution of an eco-floristic zone charact.rised by forest 
which is soil dependent (e.g. Pogo, class 1) will reflect the distribution of the soils, 
or soil/topography complex, concerned. Isolated areas of high relief will have the same 
effect and both cases are well illustrated on the Togo vegetation map (class 12). 
Consequently an eco-floristic zone is not necessarily a coherent unit within a single 
boundary. 

The location of the eco-floristic zones can be expected to be broadly continuous across 
the frontier between Benin and Togo and the mips show this to be the case (see Appendix 4 
and the vegetation maps). 

In the south the boundary between zones I and II has been rather arbitrarily made to 
meet on the frostier. Prom the work in both countries if appeared that this boundary 
could be placed equally well somewhat to the south, at the northern boundary of the Terre 
d.c Baxre. This is a typical case confronting map compilers, where an arbitrary line has 
to be drawn when on the ground thSe is only a gradual transition from one not of conditions 
to another. 

Zone V in Togo which reaches to the frontier between the two countries does in fact 
not extend to any significant degree into Benin where the relatively high altitudes 
oharaoterising this zone and the related vegetation are not encountered, or very much less 
marked. 

That the boundary between zones I and III in Benin and Togo does not most on the 
frontier is due to the influence of the Oti valley in north-east Togo, which extends zone 
I to the northern frontier. Its northward extension as the valley of the Pendjari on the 
frontier between Upper Volta and Benin must be assigned to zone III in Benin. The apparent 
anomaly is removed if the boundary of zone III in Togo is considered to run eastward.s along 
the Togo-Upper Volta frontier until it joins the same boundary in Beam, roughly where the 
tbrse countries meet. 
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Examination of the rainfall criteria use& for the three low-altitude eco-floristic 
zones in Pogo and Benin also reveals slight differences. These are due to the peculiarities 
of the rainfall regime in south-west Togo - the minimum for the West African coast - and to 
the fact that Benin extend.s more than 2 degrees further north than Togo. 

In the southern part of Cameroon conditions are considerably different from those in 
Togo and Benin - rainfall is much highsr, with an equatorial regime, and the range of 
altitude is also much greater - and this is reflected in the criteria for the eco-floristic 
zones. The zon•s at medium and high altitude could be well defined, using the appropriate 
contour levels on the topographic maps as a guide. The boundaries of the coastal zone are 
also fairly reliable, particularly as regards the mangrove areas, since these are usually 
readily diso.rnable on the imagery (when not obscured by cloud.). 

However, the boundaries between the lowland forest zones (1,11, III) are only indicative, 
since no well defined boundaries exist on the ground. Even beyond the transition zones 
between them the evergre, semi-deciduous and mixed evezgre.n and semi-deciduous forest are 
not distinguishable in aerial photographs or Lsnd.eat imagery. Letouzey (1968), from 
extensive floristic surveys, has established the climatic conditions under which the three 
types usually occur. Climatic data for southern Cwneroon was analysed in detail (Caneroon 
report, .Annexe 2) and this permitted the boundaries of the climatic zones corresponding to 
the three major forest formations to be drawn on the map where they appear as the limits 
between these classes. Wherever possible these limits were made to coincide with major 
rivers or physiographic features; elsewhere they are shown as broken lines.i/ This 
demonstrates how ancillary data may be used to complement the information directly obtainable 
from the Landsat images (i.e. the boundary of the moist forest without phenilogical distinc-
tion) and thus amplify the detail which can be presented on the final, map, and the 
application of ecological; stratification to the interpretation of Landsat images. 

The boundaries of eoo-floristio zones are for the most part even lees amenable to 
representation by a line placed on a map than the boundaries of vegetation classes and were 
therefore not shown on the vegetation maps, where the occurrence of these zones is to be 
inferred from the location of the classes assigned to them in the legend. However, very 
small scale maps to indicate the general distribution of the eco-floristic zones were 
prepared for each country and are shown in Appendix 4. 

For each of the three legends (Appendix 3)  the eco-floristic zones constitute the 
first level of classification and in consequence the titi. 'Ecological map' has been used, 
in conformity with resolution No. 3 of the International Colloquium on Vegetation Mapping 
as cited by KUchler (1967, p. 127). 

In designing the three vegetation maps each eco-floriatic zone was assigned its own 
suite of colours. Among these colours consistent ecological values were maintained, as 
far as technical constraints permitted. Green to represent forest conditions was taken as 
the point of departure, with yellow to represent drier conditions, red for higher temperatures 

/ On the northern sheet of the vegetation map of Benin it would also have been preferable 
to present the western part of the boundary between classes 3 and 21 as a broken line 
since the transition between these classes is very gradual and its positioning there 
is evidently arbitrary. 
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and blue increasing wetness or lower temperatures. Browns or olives were generally used 
to r.pres.nt cultivation. However, the number of basic colours employed had to be limited, 
mainly for reasons of cost, and so there are inevitably some departures from this scheme, 
especially with the map of Cameroon where a large number of classes was involved. 

3.7 MAP C0MPILATIC? AND PROWCTI(Il 

39 7.1 Map Compilation 

By map compilation is understood the procedure whereby a document from which the fin*l 
map can be prepa.r.d for printing is produced from the interpretation of the imagery. The 
interpretation of a Landsat image at the final map scale was drawn on a clear film overlay 
on which the coordinate tick marks from the image were also traced.. The first Btep was 
to check that the boundaries and classes at the edges of each scene matched those of the 
adjacent scenes. 

For Cameroon, in the absence of an accurate base map at 1:1 million, an attempt was 
mad.e to trace the individual interpretation films on to a single sheet using the scene 
edge and centre coordinates as a guide to their relative positioning. The result, however, 
did not correspond to the base mep which was subsequently produced by photographic reduction 
and assembly of the 1:500  000 map sheets, because the scale of the images is always somewhat 
variable and the coordinate ticks are not very accurate. 

The procedure which proved most effective was to superimpose a base map (at the scale 
of the interpretation and 19f the final map and preferably in the form of transparent film 
- more stable than pap.r)an interpretation film (corresponding to one scene), and the 
film on which the compilation was to be drawn. The interpretation film was then adjusted 
to the base map so that the main features coincided. (for example gallery forest With the 
corresponding rivers) and the interpretation was traced on to the compilation film. 
The procedure was repeated for each scene. 

When discrepancies arose between vegetation boundaries and map features, mainly due 
to scale variation of the imagery and errors on the maps (rivers, roads, coast lines, etc. 
often appear more accurately on Landsat images than on maps which are inevitably generalised 
to some extent) the usually minor adjustments to the vegetation boundaries on the interpret-
ation films could be made without introducing any gross errors. The errors introduced by 
this procedure, of the order of two or three kilometres on the ground at most, could be 
distributed over a scene by sub-dividing the latter and working systematically from one 
sub-division to the next, with each requiring only very limited adjustment between the 
interpretation film and the base map. Since IaMsat images are good approximations to 
geodetic maps the transfer of detail from them on to existing maps usually poses no serious 
problems and can be done by eye. 

i/ As the mapping for Benin and Togo was at 1:500  000 the original films of the IM maps 
at that scale were obtained, except the vegetation sheet, and combined into a single 
transparent base map on stable film. 
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The resultant film, showing the boundaries of all the vegetation classes positioned in 
conformity with the detail on the base map, was the master compilation from which all 
further documents for making the printing plates were derived.. This film was also used to 
measure the area of classes which had been mapped. 

For Benin and Togo the vegetation maps were printed over a monochrome half—tone print 
of the base map (1C2 1 :500  000 s.ries). Only o.rtain planimetric and other features were 
traced from the base map for incorporation in the final map of Cameroon, where the base map 
had to be rduced. to 1:1 million from originals at 1:500  000 and the resultant crowding of 
all features did not constitute a suitable base for combining with the thematic map. 

Once the compilation film was completed, Ozalid copies (on paper) were made and used 
to develop the colour scheme and the layout  of the legends and other text, after which 
the map could be given to the printer. 

3.7.2 Altenatjve form for the small—scale vegetation maps 

The project's vegetation maps at 1:500  000 and 1:1 million have been produced as 
conventional printed line maps with a colour assigned to each class of the legend. This 
procedure involves numerous processes after the completion of the compilation film, which are 
technically very exacting and therefore time consuming and costly. Furthermore, they 
necessitate a varying degree of generalisation of the original interpretation and the 
final vegetation map constitutes a symbolic representation, in this case not only of the 
vegetation and its distribution on the ground, but also of its appearance on the Landeat 
imagery. 

For the map scales used by the project Landeat imagery constitutes a map base of good 
planimetric accuracy (Mott and Chismon, 1975;  Borgeson, 1979). It would be possible to 
produce a vegetation map by preparing a mosaic of the Landsat images which have been 
interpreted, superimposing the compilation film on this and printing the combined documents 
in black and white, or colour. This would preserve the detail of the Landsat interpretation 
and has a number of other advantages, and some possible disadvantages. 

To produce such a'Landut map' it is necessary to assemble all the images covering 
the area being mapped, generally using prints of the colour composites, although a single 
spectral band in black and white can also be used. For the Landsat cover used by the 
project this would have meant using images of a range of dates; of varying photographic 
and radiometric quality; of very variable colour rendering and with some areas covered by 
cloud. Moreover for some areas there would have been no imagery at all, e.g# parts of 
southern Cameroon. Most of these factors would result only in cosmetic defects and even 
these could usefully indicate the varying accuracy of the interpretation possible over 
different parts of the area. In future this type of defect will in any case largely 
disappear due to the routine enhancement of imagery and other improvements in its production 
which are being introduced (3.2). 

The presence of cloud and complete lack of cover pose more serious problems, but can 
be met by much the same approach used to map the vegetation in such ares. This used the 
existing map cover (1:200 000 9  1:500  000) to draw vegetation boundaries observed during 
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reconnaissance flights made for the purpose. It would be equally possible to insert portions 
of the topographic map cover to fill gaps in the Landsat cover. While this would again 
detract from the appearance of the resultant document, it would show the real conditions 
under which the work was done. This is in contrsst to the production of conventional maps, 
where there is usually a conscious effort to make the printed document as uniform and 
visually attractive as possible, partly because given the labour and expense involved it 
would be perverse not to, partly to reinforce the communication function of the map. 

One of the main advantages of a. Land.sat map is precisely in this last respect, because 
the information is displayed in the same way as it was used to make the interpretation. 
Consequently most of the details, transitions and nuances which are lost when producing a 
conventional map are preserved.. From a purely practical point of view a Landsat map is 
ready for printing virtually as soon as the interpretation is completed. For the project's 
conventionally produced maps several months elapsed between the completion of the interpre-. 
tation and the printing. At each Btage of the preparatory work there is also the possibility 
of introducing errors, particularly in the case of such a detailed small-scale map as that 
of Caineroon. As a result of these factor, the production of a Land.eat map is also much less 
costly. This and the relatively simple procedures involved also permit the up-dating of 
such maps, for example by the addition of detail when new imagery with additional phenolog-
ical information becomes available, or for areas previously cloud covered. 

Taking into account the various practical advantages, as well as the consideration 
that monitoring implies an essentially dynamic situation for which maps easy to revise 
would be an advantage, the production of such Landsat maps may often be more appropriate 
than that of the conventional thematic line maps. 

3.8 MEASURT OF AREAZ 

Information about the relative and absolute areas of the vegetation and land cover 
classes which had been mapped was obtained to provide an overview of te present status 
and probable dynamics of 	forest cover as a whole, in each oountry./ The resulting area 
tables are shown in Appendix 59 

Areas were measured by the: use of a dot grid with 5  mm spacing. The grid was 
reproduced on stable plastic film and measurements were made by overlaying this on the 
compilation film (3.7), or on an ozalid copy of this film which was freshly made to avoid 
changes in its dimensions due to variations in the ambient temperature and humidity. 

The use of dot grids to measure areas on maps and aerial photographs in generally 
preferred over other methods (Spun, 1960; FAO, 1973) because it is simple, rapid and 
requires no preoision instruments whose use can give rise to undetectable errors and whose 
maintenance under tropical conditions may be troublesome. 

The use of a dot grid also has the advantage that the statistical error which this 
introduces can be readily calculated. Each dot constitutes a sample of the area it 
represents, this area being the square of which the dot is the centre. If a dot lies near 
a boundary line the latter may not include (or exclude) the entire square and this gives 
rise to the error of the area estimate obtained from a dot count. It also follows that 

J Chapter 4 of the country reports. 



- 34 - 

the greater the proportion of dots occurring next to the boundary (i.e* the smaller the 
area being measured and/or the more irregular the shape of the boundry), the greater the 
probability of error. 

As the dots of a grid are systematically arranged the use of the statistical formulae 
assuming random distribution of samples gives an overestimate of the error which in this 
case can be very large. There are, however, empirical formulas whioh have been developed 
to obtain a good approximation of the error arising from the use of a dot grid and a 
convenient one is that shown in the Ilanual of Forest Inventory (PLO, 1973, p.83) 9  slightly 
modified. This taken into account both the size of the area measured and the shape and 
regularity of the boundary and has the form: 

-52W 
- 314 

where e% is the percentage error of the measured area at the 95% probability level; 

n is the numbe of dots counted within the measured area; 

k is a factor which depends upon the shape of the area and the regularity of the boundary. 
For shapes which are not particularly elongated, with a fairly regular boundary 
(i.e, without numerous indentations) k may be given a value of 5 to  7,  increasing 
with the elongation and/or irregularity of the boundary. 

For classes of very small area, such as the Woodland (class ii) in northern Togo, 
whose area of 1250  ha corresponds to only 2 dots of a 5 mm grid at a scale of 1:500  000, 
the measurement error is inevitably large (± 69% when k . 5), but of correspondingly small 
significance for the accuracy of the relative extent of all the classes since it only 
covers 0.022% of the country. 

For areas about 20 times larger (e.g. Togo class 1, semi-deciduous and deciduous forest, 
24 375 ha), the error only amounts to ± 0.26% (k - 16) and for most of the classes it is 
negligible. 

'4 
- 

jL 
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CHAPTER 4 

INVESPIGAPICI OF PAST CHANGES IN THE FOREST COVER 

49 1 SELECTIC*1 OF STUD! AREAS 

The investigation of past changes in the vegetation cover was undertaken to obtain 
information about the general nature of such changes and more particularly about the 
dimensions of the areas concerned as well as the rates of change involved, as a guide to 
the scope and frequency required, for periodic observations, i.e e  monitoring, in the future. 

The project document (3.01) mentioned the selection of two study areas in Cameroon and 
a oombined one for Benin and Togo. The latter was not possible due to the differences in 
the progress with the programae of work in the two countries and the factors involved in 
the selection of the areas, as described below. 

The approsoh in the project docuasut was derived from the proposals for this work 
contained in the "Forwulatios" (4,4,2)  where a sampling of units of 11 000 km2  had been 
envisaged when working at a global scale. In Togo some preliminary work was done towards 
investigating changes in the vegetation cover over a substantial part of the country by a 
sampling procedure, but this isa not implemented for lack of time to carry out the 
considerable amount of aerial photo interpretatien which this required. 

The application of a statistical sampling procedur, for tropical forest cover monitoring 
is considered in section 5.2.3. In the context of the pilot project the method envisaged 
for the investigation of the study areas was to interpret at least two sets of aerial photo-. 
graphs, taken at an interval which suffic.d to display significant change in the vegetation 
cover; to map the interpretation at each date and analyse the differences between these 
maps (Baltaxe and Lazily, 1976). The observation of change of forest cover on Landsat 
images was not investigated due to the absence of suitable multidate cover. 

In the programme of work established for the experts it was stated that the selection 
of the pilot areas would be based on the following activities and oonsiderati.ns, 

- Determination of the available aerial photographic cover for the country, at various 
dates. 

- Identification and review of any past and current studies of the vegetation cover. 

- Prelim4 nary evaluation of the change in the vegetation cover of any potential study 
areas. 

- Preliminary evaluation of the relative sooio—economic importance of any potential 
study areas. 

- Consideration of logistic factors affecting the investigation of potential study 
areas. 
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From preliminary discussions with representatives of the Government agencies concerned 
and with technical assistance personnel working in the countrie, it seemed as if the main 
task would be to msks a selection among suitable study areas, rather than their identification, 
In practice, however, the main problem turned out to be the location of areas where 
significant changes had occurred and were displayed on availabl, aerial photography. 

The problem was approached somewhat differently in each of the three countries. In 
Togo the initial ground and air reconnaissance surveys and a report of earlier surveys 
(see 1.3) indicated that at the lower fringes of the upland forest (class 12 on the 
vegetation map) conversion to agricultural land was occurring, after a period of under-
planting with coffee and cocoa which inhibited natural regeneration. Observation in the 
field, and from the air also revealed that large portions of the forest in the area of 
Togodo (class 5) had been converted to agriculture in recent years. 

The selection of these areas was discussed, with the Government authorities, who proposed 
that a study area should also be selected among the forests in the region of Abdoulaye 
(class 1), where a oomaeroial exploitation project was to be implemented. Study areas were 
therefore established in the Togodo and Abdoulaye areas, leaving the upland forests for 
later, if time permitted.. 

Aerial photographic cover from 1949  was available for the whole country, from 1969 for 
the forest areas, and new cover for the whole country was in the process of being completed 
in 1977, so this aspect imposed no restriction on the choice of areas, or so it appeared 
at the time. Unexpectedly the new cover for the Togodo area could not be completed, in 
1977/78, which greatly reduced the significance of the quantitative results from this area. 

In Benin circumstances did not permit extensive field or aerial survey, during the 
early stagss of the project. At a meeting of the project coordinating coninittee in June 
1977 four regions were indicated to the project for the location of study areas. On the 
strength of this the 1949 aerial photographic cover of these regiona, available in the 
offices of a TIfl1'/PAO projeot, was •'M.ined to locate areas with vegetation cover of some 
interest at that time. As long as these areas were situated north of 8030 they would also 
be covered by the 1974/75 photography, from which any changes in the vegetation cover could 
be aso.rtained. The final ohoioe of two study areas was made by the co-director in 
September 19779  on the arrival of the consultant who was to initiate the photointerpretation 
and mapping. 

In Cameroon the situation was considerably more complex. Aerial photographic cover 
from 1949  to 1954 existed for most of the country. Later cover, mostly from the early 
1960'., was very fragmentary and virtually confined to the savanna, as opposed to the high 
forest areas. Analysis of change in the vegetation cover in the latter, using aerial 
photography of two well-separated dates, thersf ore required obtaining new photography for 
the areas selected. 

The main area of interest in Cameroon lay between 20  and 60N, with weather conditions 
which make it notoriously difficult to obtain aerial photography. This is the reason why 
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no recent photography of any extent •xivt.d. '  The most favourable season for aerial photo-
graphy is normally from mid-December to mid-January. 

The project expert arrived in Cameroon in late November 1976 and f iv. possible stu4y 
areas, in which it was considered highly probable that changes in the vegetation cover had 
occurred since the date of the earlier photography, were selected in consultation with the 
Director of the Forest Service by January 19779  Invitations to tender for an aerial 
photography contract had been sent out by FAO in December 1976 and a contract was signed in 
February 1977.  Weather during the earlier part of the dry season had in any case been 
unfavourable for photography and information from Csasroon indicated bett.r prospects for 
the and of the dry season. In the event, conditions during the entire period were 
unfavourable and as far as is known no aerial photography was taken in southern Cameroon 
in the 1976/77  season. M.aeur.s adopted to obtain new aerial photography later in the 
year were again unsuccessful due to unfavourable weather, 

In the meantime, the vegetation cover on the earlier aerial photography which was by then 
available and on the satellite imagery (as far as cloud cover permitted.) was compared in 
the selected areas, i.e. at an interval of over twenty years. This revealed that, contrary 
to expectations, little if any change was observable. In September 1977 Professor Letouzey, 
on the basis of his extensive studies of the vegetation of Cameroon, was therefor, asked 
whether he could suggest any areas where changes in the vegetation cover had occurred and 
indicated ten localities whioh he considered might be examined.. 

The old aerial photographs were ordered for eight of these areas (one being very remote 
and two others rather similar). At the beginning of February 1978, the start of the 
consultant's first mission, the photographs (1950) of seven of these areas had been delivered.. 
After a preli'.4nary examination of the aerial photographs and reconnaissance flights over 
all these areasp two were selected as suitable for the study of changes in the vegetation 
cover, and two other promising areas had been located during the flights. 

The old photography for the last two areas was ordered and the possibility of obtaining 
new aerial photography was investigated with a local air survey firm. This firm was due to 
have aircraft stationed in Cameroon and could, therefore, take advantage of brief periods 
of suitable weather, especially as each of the areas could be flown in a few hours. 
However, both for administrative reasons and because the aircraft arrived later than foreseen, 
no new photography for the four areas could be obtained. The project's experience in Togo 
and Cameroon underlines the inherent diffioultiea posed by weather conditions in the tropics 
f or obtaining aerial photography at a given time. The implications of this for monitoring 
activities are considered in 5,3.2 below. 

4.2 ASSSMT OF CHMGE IN THP STUDY ARFAS 

The basic method used to assess changes undergone by the vegetation cover in the study 
areas was to interpret the vegetation classes on aerial photography of different dates, 
transfer the results for each date to a map and from this measure the area of each class at 

J The relatively complete 1949/50  cover for mapping purposes had apparently been obtained 
by an intensive campaign during which survey aircraft working in adjacent countries had 
been called in over a series of radio links whenever cloud-free areas appeared.. 
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each date. By noting the class present at a given point (i.ee at the dote of the dot grid 
used to measure areas) at different dates, the qualitative trend of the changes could also 
be described. This application of multi—date dot grid measurements and the establishment 
of contingency tables such as 43 and 	is also used for the analysis of landscape 
dynamics in other fields (Zeimetz at  al, 1976 and various studies cited there). 

For the areas selected in Benin and Toga only two sets of photographic cover, taken 
20 or 25 years apart, were available. Cover at more frequent intervals would have been 
useful, to provide more reliable data on the past rate of change of the vegetation as a 
guide to the most appropriate monitoring interval f or the future. 

As mentioned above, no aerial photography at a second date was obtained for the four 
areas selected in Cameroon. For a total of seven areas for which the old aerial photography 
was obtained by the project, this was compared with observations noted during reconnaissance 
flights sad.e for the purpose of selecting the study areas. The comparative descriptions 
have been included in the project's report on Caseroon (chapter 5). For two of the four 
areas selected the vegetation cover at one date was interpreted from the old photography 
and mapped, in the expectation that new air photo cover would eventually become available 
and as a training exercise for the counterpart staff. 

Ltter a study area had been selected its boundaries were traced on a topographic map 
at 1:50  000 if available, otherwis. at 1:200 000. The corresponding aerial, photographs 
were then interpreted under a mirror stersoscop.. Ground control was undertaken either 
bef ore or after the interpretation which in the latter case was adjusted as necessary. 

The classes used f or this interpretation varied according to the vegetation present, 
but were generally more detailed than those used for the vegetation maps at 1:500  000 or 
1:1 million. In this connection it is worth noting a point made in the project's report 
on Toga (5.1) where it was shown that the breakdown of the vegetation into very detailed 
classes could lead to considerable errors when the earns aerial photographs of an area were 
interpreted at an interval of several years, due to the inherent difficulty of interpreting 
fine differences consistently. The classes used should., therefore, be adequate to reflect 
the significant physiognornic and other differences in the vegetation present without seeking 
to distinguish every last detail. 

The sequence of procedures for transferring the boundaries of vegetation classes 
drawn on the aerial photographs on to a map base varied according to circumstances and to 
the instruments available. The standard technique using a Ske'tchmaster had been envisaged 
and such an instrument was available in Cameroon, so that transfer between aerial photographs 
and saps, each of a range of scales, could be executed without difficulty. For Toga and 
Benin the Sketchsaster provided was not available. The techniques improvised as a 
substitute will be of interest for other situations where the appropriate instruiuentation 
is lacking. 

In Toga 1:50  000 topographic maps of the study areas were available. The 1949 
photography was also at approximately 1:50  000; the 1969 photography was at 1:30 000. The 
expert had a standard photographic enlarger and used the following procedure: 
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- The interpreted aerial photographs (23 x 23 cm) were given to a commercial photog-
rapher who produced a 6 x 6 cm diapositive of each annotated photograph. 

- The diapositive was placed in the enlarger and projected on to be 1:5 0 000  map. 

- The map was mounted on a tilt-board moveable about the two horizontal axes, 
permitting some adjustment of the projected image to allow for variations in altitude 
over a given photograph. 

- When the projected image and the map had been matched (mainly by correspondence of 
hydrographic features) the vegetation class boundaries from the diapositive was 
drswn on to the map. 

In Benin the only instruments available were the mirror stereoscopes used for the photo-
interpretation. The scale of the available maps was 1:200 000. The a.rial photographs were 
at 1:50  000 for 1949/50  and at about 180 000 for 1974/75.  For the latter, requiring the 
most steps, the pro.dure adopted was as follows: 

- The portion of the 1:200 000 map covering the study area was enlarged to 1:80 000 
by a oosrcial photographer (better and more accurate results would be obtained 
using a large oopy-oaasra in a photographic laboratory, when available). 

- A semi-matte film (e.g. Eodatrac.) was supsrimpos.d on the resultant 1:80 000 map 
and coordinate markings were traced from the map on to the fil.. 

- On a given photograph at least four points, also identifiable on the map (river 
junctions, cross roads, etc.) were mark.d.. 

- The photograph and the corresponding portion of the map were placed under a mirror 
stereosoope and the osemon points brought to coincide. (When the scale of the map 
and photo are slightly different and/or there are displacements due to changes in 
altitnde, the control points suit be selected close to each other, possibly using 
only part of a photograph at a tim.). 

- The boundaries from the interpreted aerial photograph were then traced onto the 
film overlay of the map under the stereoscope. 

- The completed interpretation film at 1:80 000 was photographically enlarged to 
1:50 000. 

- The portion of the 1:200 000 map covering the study area was photographically 
enlarged to 1:50  000. 

- The major map features were traced from this enlargement on to a clear film overlay. 

- All the bouniries from the interpretation film at 1:50  000 were also traced on to 
this overlay, resulting in a compilation on film at 1:50 000 showing some nap 
features and the boundaries of the vegetation classes. Ozalid copies of this film 
were then produced for the subsequent analysis. 



The asthod desorib.d below for the quantitative analysis of the qualitative changes 
represented, on the vegetation cover maps of two dates was applied to the data obtained in 
Togo. The method was also introduced to the project staff in Benin but had not been 
implemented by the end of the present project. 

A rectangular dot grid with a spacing of 5 sin was used to estimate the area of each 
vegetation class on the sap of a given d&te. At the same time a matrix was constructed 
with the number of rows and colummis corresponding to the points on the dot grid covering 
the entire study area. Each point on the grid, therefore, had a unique address (row/colunui 
coordinate) in the matrix. 

The dot grid was placed over the map of the first date and the class into which each 
dot fell was recorded by a corresponding symbol in the matrix. The procedure was then 
repeated with the map of the second date, the class symbol for each dot being recorded in 
the matrix below that of the first date. 

The resultant matrix thus showed the vegetation class present at each position at the 
two dates. From this, tabular statements of the areas of each class at each date could be 
derived (1 dot representing 6.25 ha at a scale of 1:50  000)  as well as the nature of the 
change, if any, at each point and in total (Table 4.3 and 4.5). The figures in the 
compartments of Table 493 and 4.5 represent the area of the class on the left derived from 
the class at the top. A few of the figur.s are anomalous, due to the dot grid which was 
used (1 dot - 6.25 ha), or slight inconsistencies of interpretation. Thus in Tabis 4.3 
the 6 ha of Gallery forest derived from Dsgraded seai-4.cith&ous forsit may be dus to either 
of these causes. 

In addition to the sap showing the vegetation cover for a given  area at each d*te it 
was intended to produce a composite map showing the changes which had occurred. This would 
have been a simple matter had each vegetation class, or parts thereof, changed only into 
one other class, e.g, forest to cultivation.. In this case the area under cultiv&tion 
gained from forest could be cl.arl.y shown. In practice, the changes which were obeerv.d 
occurred in so many directions - forest to dsgradsd forest, to tree and shrub savanna, to 
ou].tivation; tree and shrub savanna to forest, to degraded forest, to cultivation, to 
villages, etc. - that it w.uld have been far more confusing than informativ, to depict th..s 
changes in cartographic form. 

- aA 
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TABLN 4.1 

AVNNAGZ ANNUAL RATES OF REDUCTIOU OF £RZAS ORIOINALLT PRT 

FORT 
Ummum 
F0RT 

(1ALLT 
FORT 

WOODLAND 
SAVANNA 

THEE SAVANNA 

OO 
T000DO 
1949-1969 
Area 1949 ha 9 537 1 675 5 400 
Annual ios.% 0,6 11 0 1.5 
Annuallosaha, 57 17 81 

TSAGBA 
1949-1969 

Area 1949 ha 6 237 681 194 9 775J 
Annual loss % 4,8 2.0 3.5 110 
Annual loss ha 300 14 7 92 

D.JOUGOU 
1949-1975 

Area 1949 ha 306 4 450 4 125 17 734 
Annual loss % 100 3.8 2.4 3.2 
Annual loss ha 3 165 100 567 

ILLANVILLI 
1950-1975 

Area 1950 ha 2 481 26 197 
Annual loss % 309 305 
Annual loss ha 97 919 

This and shrub savanna. 
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43 RESULTS AND C(ICLUSIC1S 

4.3.1 Rates of change 

Quantitative results were obtained for four study areas, two in Benin and two in Togo, 
and are shown in table. 4.2 through 4.7.  Based on these, table 49 1 shows the major negative 
changes in each of the four areas (i.e. consisting of a loss of tree cover). The compen-
satory expansion of shrub savanna, cultivation, etc. can be seen in the original tables and 
maps (asps in pocket ). The rates of change shown in table 4.1 were obtained by dividing 
the difference in the area of a given v.getation class at the two dates by the nuaber of 
years separating the latter and expressing the resultant average area lost annually as a 
perosntags of the area at the earlier date. 

Before considering the quantitative aspects of table 4.1 it should be noted that the 
results presented there may be biased, for two reasons. In the first place, it has been 
assumed that the changes in the area of the vegetation classes took place over the entire 
interval between the ô.t.s of the two sets of aerial photography which were available. The 
r.sults, therefore, represent the lowest estimate of the average annual rate of Change; if 
the changes observed were initiated some years after the date of the earlier photography, 
then the average annual rate would be correspondingly greater. 

The placing of the boundaries of a study area, in relation to locations where changes 
are occurring, can also have a considerable effect on the calculation of the average annual 
rate of change. This is most readily illustrated by considering the effect of including 
the Togodo and Tsagba study areas, which are only about 10 km distant from each other, 
within a single boundary. In this case the apparent rate would have been somewhere between 
the valuss obtained for these two areas. Where such spatial variation in the rate of 
change exists the rssu].ts from numerous small areas are likely to be more reliable than 
those from fewer, larger areas, since the latter are more likely to contain some locations 
where no change has occurred. 

The most striking changes observed do not appear in table 4.1. Thsss occurred in the 
Togodo area, which was ..l.ot.d because the disappearance of the bulk of the forest present 
on the 1969 aerial photographs had been observed during reconnaissance flights in 1977 and 
confirmed on the ground.. In 1977/78 new 130  000 aerial, photography f or the whole of Togo 
was being flown. The only area not covered by March 1978 was a strip including the Togodo 
arel.. Consequently no quantitative analysis of the changes which had occurred since 1969 
could be madeo aowever, from the observations made from the air and on the ground it was 
estimated that over 80% of the forest present in 1969 had been removed by 1977. The 
average rate of loss was thus at least about 10% annually, if reckoned to have been 
initiated in 1969. 

Apart from this instance the extreme cases presented in table 4.1 are the Togodo area 
up to 1969, with less than 100 ha of forest and  savanna formations being lost annually; the 
Tsagba area where an average of 300 ha of forest was cleared or degraded per year, and the 
annual lose of over 500 ha, of woodland savanna in the Malanville area. The last two 
represent average annual rates of 3.9 and 4.8% of the original area, at which the latter 
would disappear in a period of about 26 to 30 years. As tables 4.4, 4.6 and 4.7 show, in 
the interval between the two sets of air photo cover the disappearance of 96% of the forest 
in the Peagba area, of 99% of the degraded forest and 83% of the woodland savanna in the 
Djougou area, and of 97% of the woodland savanna in the Malanville area had occurred. 
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TABLE 4.2 

TSAGBA STUIJY AREA 

AREL OF VEGPATIW CLASSZ IN  1949 MD 1969 

Semi—deciduous forest 

1949 

ha 

1969 

ha 

6 237 37 238 1 

D.grad.d .ani—d.soiduous forest 681 4 406 2 

Gallery forest 194 1 56 - 

Tree and ebrub savanna 9 775 50 7 931 41 

Cultivation and bush fallow 1 838 9 10 263 53 

Settlements 6 - 100 - 

Unolaaaitied. axeaa 794 4 531 3 

TOTAL 19 525 100 19 525 100 

jr 
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TABLE 4.3 

RACmA STUDY AREA 

TRJJISFORMLTI1 CP TIM METATICIN COVER BETWEEN 1949 AND 1969 

Area in heotaies 

Sani- Dsgrs4sd Gallery Tries and  Cultivation S.ttle o1sae- Totals 
deciduous semi- forest shrub and bush mints ifid 1969 
for.st deciduous savanna fallow areas \~1969 forest 

CLASSES 

 in 1969 	TRANSPORXED INTO 

Semi-deciduous 
forest 181 25 - 13 - - 19 238 

Degrad.d semi- 
deciduous 162 75 19 62 44 - 44 406 
forest 

G..11ery 
forest - 6 31 19 - - 56 

Tree and shrub 
Bavanna 237 119 88 6 787 494 - 206 7 931 

Cultivation and 
bush fallow 5 557 444 56 2 550 1 181 6 469 10 263 

Sett]em.nts - - - 44 50 - 6 100 

Unclassified 
areas 100 12 - 300 69 - 50 531 

Totals 1949 6 237 681 194 9 775 1 838 6 794 19 525 
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TABLE 4.4 

T000DO STUDY AREA 

AREA OF VECATIC)N CLASSES IN 1949 ABD 1969 

S.mi-d.ciduou. forsst 

1949 

ha 

1969 

ha 

9 537 40.9 8 400 36, 0 

Porsit r.growth 1 225 592 1 362 5.8 

Woodlsztd. savszma 1 675 7.2 1 337 5.7 

Pr.. savanna. 5 400 23.2 3 781 16.2 

Slirub savanna. 5 181 22.2 3 275 35 9 6 

Cultivation and bush fallow 281 113 144 0.7 

TOTAL 23 300 100 23 300 100 
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TABLE 4.5 

T000DO STUDY AREA 

TRINSFORXLTIOF OF THE VEOATI(Ii COVER BETWEM 1949 AND 1969 

Area in h.ctarss 

Pr.. Shruh Woodland Semi— Forest Cultivation and Totals 
CLASSES savanna savanna savanna r.growth bush fjlow 1969 

[1969 
j CLANN 

IN 1969 TRINSFORKED INTO 

Pr.. savanna 1 031 1 937 394 375 44 - 3 781 

Shrub savanna 3 587 2 937 458 812 269 212 8 275 

Woodland savanna 425 150 488 175 94 6 1 338 

S.mi—d.ciduous 
forest 232 94 230 7 456 356 32 8 400 

Forest r.growth 94 56 81 644 456 31 1 362 

Cultivation and 
bush fallow 31 7 25 75 6 - 144 

Total 1949 5 400 5 181 1 676 9 537 1 225 281 23 300 

.- 	.- 	-...- 

-•- 	r! 
• • 	_ 

- 

4 
= 	 • 
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TABLE 4.6 

DJOUGOU STUDY AREA 

ABEL OF VEGATI(! CUSSES IN 1949 AND 1969 

Semi—deciduous for.st 

1949 1975 

ha ha 

306 0.4 225 0.3 

Degraded ssmi—dsciduous forest 4 450 5.8 62 09 1 

Woodland. savanna 17 734 23.0 2 991 309 

Tree and shrub savanna 10 419 13.5 14 772 19.1 

Grass savanna 844 1.1 - - 

Gallery forest 4 125 5.4 1 534 2.0 

Saxicolous formation 103 01 1 737 11 0 

Bare soil 200 0.2 41 - 

Cultivation and settlements 38 937 50.5 56 806 73.6 

TOTAL 77 118 100 77 118 100 
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TABLE 4.7 

MALANVILLE STUDY AREA 

AREA OF VEaEPATICt CLASSES IN 1950 ARD 1975 

Woodland savanna 

1950 1975 

ha he 

2 481 6.20 53 0.13 

Tree savanna 26 197 65.52 3 234 8.09 

Shrub savanna 59 0.14 23 306 58.30 

Gallery forest 643 1,60 641 1.60 

Saxioolous formation 147 0.36 434 1.08 

Ara subject to flooding 6 509 16.28 4 929 12.33 

Cultivation and settlements 2 600 6.50 6 806 17.02 

Bare soil 66 0.16 56 0.14 

Water 584 1.46 522 1.31 

Thtal 39 981 100 39 981 100 
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Although these figures may not be entirely accurate due to the possible errors introduced 
at various stages of the assessment of the changes (errors of photo-interpretation, including 
inconsistencies in the interpretation of a time-series of photographs; errors of mapping; 
errors of area measurement), it remains evident that the cumulative loss of tree cover in 
these areas has been considerable. 

4.3.2 PRIUJCY QF MITORflG 

The frequency of monitoring will partly depend on the ability to detect and measure 
the changes which have occurred between consecutive observation.. It is therefore necessary 
to consider the absolute areas likely to be affected at the rates of change discussed above. 
The factors predominantly responsible for the changes which have been observed are the 
clearing of land for cultivation by the bush fallow system and the harvesting of wood. The 
annual burning of the gras, cover also has some •ff cot on the degradation of the more open 
formations, but this varies greatly according to local, conditions. 

In the countries under consideration the land clearing and wood harvesting operations 
are conducted extensively - harvesting by clear felling an area is virtually unknown in 
the context being discussed; cultivation mostly takes place on individual units of a few 
hectares. Consequently the figures given in table 4.1 for the number of hectares lost 
annually will almost invariably be the sum of numerous areas of a range of sizes. From the 
aerial photographs and observations on the ground the size of the fields or contiguous areas 
cleared for cultivation in a given year ranges from about 2 ha to some 50 ha, the former 
being much more frequent. Even the smallest of these area.s can be readily detected from 
the air and on medium-scale aerial photography (1:60 000 or larger), so that from this 
aspect monitoring at yearly intervals using aerial photography would be feasible, though 
costly and laborious. 

An eyminstion of tables 4.2 9  4.4, 49 6 and 47 shows that there is not only a 
conversion of forest and savanna formations to areas of cultivation and fallow and to 
settlements, but also a transition from formations with denser tree cover to more open 
formations, as well as the reverse. The former mainly reflects the results of selective 
cutting in the various savanna formations. Where there is an apparent conversion of 
forest to savanna types this in most likely due to cl.aring of the forest and subsequent 
reconstitution of shrub and tree cover, as occurs in the changes from the more open to 
the denser savanna formations. The effects of such changes will generally be very 
gradual and detectable only at relatively long intervals. The results from the study 
areas show that such changes can be interpreted and mapped after twenty years, but provide 
no direct indication of the minimum interval after which the transformation from one 
class to another (of those established for the study areas) is detectable. This interval 
will certainly vary with the intensity of wood harvesting in a given locality, which will 
in turn depend on such factors as population density and the demand for wood. Thus the 
transformation of virtually the entire area of woodland and tree savanna, in the !4alanville 
area, into shrub savanna and cultivation (table 4.7) is partly attributable to the ready 
market for wood in the neighbouting countries. To ascertain the minimum interval at which 
changes from one type of tree cover to another can be detected with reasonable certainty 
evidently requires further investigation, by monitoring suitable areas at diminishing 
intervals, adjusting these according to the findings at each observation. 
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However, as the results from the Tsagba and Djougou areas show, as well as the 
observations in the Togodo area between 1969 and 1977 and of certain areas in Caneroon, 
the major factor inducing change is the clearing of tree cover for cultivation. It wi, 
therefore, be reasonable to base a first approach to the determination of appropriate 
intervals for monitoring on the data concerning such clearing, particularly as these will 
tend to be shorter than those relevant to the results of wood harvesting activities alone. 

The instances, in table 4.1, of an annual loss of less than 20 ha, even when this 
constitutes a high rate beoause the initial extent of the class concerned was small 
(e.g. gallery forest in the Tsagba area) are evidently of little interest in considering 
the frequency of monitoring. 

For situations where the rate of loss and the annual area involved is relatively high, 
as for forest in the Psagba area (4.8%, 300 ha), degraded forest in the Djougou area 0.8%, 
165 ha) and woodland savanna (3.2%, 567 ha), it becomes a matter of arriving at a compromise 
between the shortest practical interval at which to repeat observations and the proportion 
of the originally exi9'ting tree cover which can afford to be lost before some intervention 
is made to halt, or at least diminish, the process. 

: 	 - 

In the case of Togo and Benin where little forest remains and considerable portions 
of the denser savanna formations are also under pressure from cultivation, such losses can 
hardly be acceptable. Consequently for many areas a monitoring interval of less than 5 
years would be appropriate, 

In other cases, comparable to the instances in table 4.1 where the rate of loss is 
less than 3% annually, a five year interval could be considered appropriate. But it must 
also be borne in mind that in the Togodo area it was observed that whereas for 20 years 
forest was being lost at an average annu&l rate of only 0.6%, this rose abruptly to about 
10% after 1969. In some situations, therefore, monitoring intervals of 1 to 2 years would 
be required if the disappearance of some of the last stands of high forest in certain areas 
is to be prevented. 

4.3,3 SCALE OF M0NIT0RG 

In view of the relatively small contiguous areas by which forest clearing for 
cultivation mostly takes place in the regions observed - areas ranging from approximately 
2 to 50 ha as described above - the most suitable scale for mapping and measuring the 
resultant changes will usually be 1:50  000, as adopted by the project. This enables areas 

• 	:' 
-- 

:. 

In the three situations cited, from 16% to 24%  of the original area of the classes 
concerned would be lost after an interval of 5 years. It must also be taken into account 
that there is likely to be a lag of several years between an observation that tree cover 
is being lost at a significant rate at a given location and some effective intervention. 
The actual area lost with a 5—year monitoring interval would therefore be more than the 
figures quoted above and could well range from 20% to 35%  or more, for the rates being 
considered.. 
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of only a few hectares to be repreaented' and quite a number of countries in Africa have 
map cover at this scale, although it may still be in process of completion. A further 
advantage is that much of the early aerial photography for franoophone Africa is also at 
1:50  000 which would facilitate mapping at this scale for atudias of past changes. However, 
for areas of any extent such a relatively large scale involves the use of numerous map 
sheets and generally multiplies the laboriousness of the various stages of mapping and area 
assessment. This reflects the fact that the selection of any map scale involves a 
compromise between detail and accuracy on the one hand and the level of inputs (in terms 
of time and cost) on the other. 

For some situations a scale of 1:100 000 would be adequate, but such map cover is not 
commonly available. It can be produced from existing 1:50  000 or 1:200 000 maps by 
photographically changing the scale of the original films of the maps at these scales, 
though this also involves additional time and cost. In certain situations, where forest 
cover is being cleared at the rate of several hundred hectares annually at one location 
this could be monitored using maps at 1:200 000, of which most of the francophone countries 
in Africa at least have virtually complete cover. 

Evidently the actual scale at which to record observations from monitoring will depend 
on a combination of the various factors referred to above, although the main consideration 
must remain the ability to map and measure the changes in the area of individual stands 
with sufficient accuracy to enable the rates of change to be assessed. 

As mentioned in Appendix 2, under certain conditions monitoring can also be carried 
out by computer analysis of Landsat data, although this would require specialized staff 
and facilities. But the lose of tropical forest cover may also be detected from the 
interpretation of sequential Landsat images when these are available. Such images must be 
of good quality (and preferably enhanced) and the formations concerned must display high 
contrast in relation to their background, e.g. a forest stand in a savanna area, or burnt 
clearings within the forest. Given these conditions areas of less than ten hectares may 
readily be detected on Landsat imagery at a scale of 1:1 million, so that this can be used 
to observe the location of the loss of forest cover. However, area measurements would not 
be very accurate unless the areas concerned were sufficiently large and homogeneous and 
any more detailed analysis would require a multistage procedure with the subsequent use of 
aerial photographs. 

-- 

At 1:50  000 a rectangle of 4 mm2  represents 1 ha 
At 1:100 000 a rectangle of 4 mm2  represents 4 ha 
At 1:200 000 a rectangle of 4 mm 2  represents 16 ha 
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CHAPTER 5 

FORT COVER MONITORING 

5.1 INTRODUCTION 

The pilot project did not execute all stages of monitoring, since this mainly consists 
of periodic observations of the forest cover over a more or less ertended period. However, 
the vegetation mapping and back—look studies conducted by the project provided data and 
experience from which to derive methods for periodic observations of change, i.e. monitoring 
in the strict sense, which forms the subject of this chapter. 

Monitoring is considered here as having the objective of providing early warning that 
deleterious change in the forest cover is taking place so that appropriate intervention can 
be mad.. This implies that the rats and nature of the changes should be respectively 
measured and assessed, as done for the study areas. In practice simpler situations may also 
be encountered, as when the transition is directly from forest to cleared land instead of 
to progressively less dense formations. Then it will suffice to measure the rate of clearing. 

Other phenomena can also usefully be observed by monitoring, such as the natural or 
man—made reconstitution of the forest cover. The main point of reference, however, (given 
the concerns which led to the formulation and execution of the pilot project), will be the 
degradation or loss of the forest cover. The details of the method to be applied for the 
conduct of monitoring will depend on the phenomenon to be observed and it will therefore 
lead to greater efficiency if this is defined as closely as possible at the outset. 

The difficulties encountered by the project in locating study areas where significant 
changes in the forest cover had occurred are discussed in 4.1. This may be considered a 
specific instance of the general situation that it will be necessary either to identify 
locations where monitoring is necessary, or to assign priorities among areas to be monitored 
(or both) unless this is a political decision based mainly on eocio—eoonomic considerations. 
The identification of such 'critical areas' is therefore the first topic considered. 

5.2 IDBTIFICATION OF AREAS TO MONITOR 

5.2.1 Direct identification 

Areas where monitoring is required can be considered under twob,road categories: 
those where significant change of the forest cover has taken place,!! and those where little 
or no change has occurred up to the present but where the probability of the initiation of 
change due to human intervention is high. For the first category there is the possibility 
of identifying the areas in question from documents on which they are depicted at different 
dates, or by direct observation (generally from the air) of disturbance in progress. The 

The interval over which change is being considered in this context is of the order of 
one to three decades, as for the study areas, and the 'present' is the latest year for 
which an observation is available. One reason for monitoring where past change has 
occurred is to ascertain whether it is continuing. 
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second category may be identified by an analysis of the stability of different elements of 
the vegetation cover, as a function of the presence and magnitude of factors influencing 
their disturbance by human intervention. 

The project's experience with the visual interpretation of Landsat imagery d.smonatrated 
that forest, in the strict sense of stands of trees with at least 80% crown closure, can 
under most circumstances be readily identified. Although the detection of features on 
Landsat imagery depends considerably on the conditions of contrast, very small areas of 
forest and of clearings within the forest can usually be detected, of the order of 5 to 10 
ha. Galleries no more than 200 m wide can be readily identified and the distinction between 
forest and degraded forest is usually also very clear (figure 1). Consequently as far as 
forest in the strict sense is concerned the characteristics of the imagery would normally 
permit a first determination of the location of changes from a comparison of images of a 
succession of dates. Such images should preferably be recorded at roughly the same calendar 
date and certainly in the same season. 

Landsat imagery is particularly suitable for this application because it permits the 
examination of very large areas mu'ch more rapidly than is possible by any other means. In 
passing, it may be mentioned that digital Landeat data can be analysed in such a way that 
a map of areas which are different at two dates is produced directly, although this would 
usually be too costly for the application being considered here. However, the versatility 
and cheapness with which diazochrome colour composites of Landsat imagery can be produced 
to enhance specific features (Moore, 1979) would lend itself particularly well to the 
detection of change in forest cover. While it would therefore be appropriate to use Landsat 
data as far as possible to locate areas of change, the possibility will be limited by the 
relative paucity of cloud-free cover for many tropical forest areas, particularly at two 
dates, and the fact that much of the latter is by now several years out of date. 

However, the availability of Landsat cover at only one date does not exclude its use 
for detecting change. For a part of the scene illustrated in figure 1 the same pattern of 
forest and galleries appears distinctly on aerial photographs at 1:50  000 taken in 1951/52, 
on the 1:200 000 maps made from these photographs, and on the 1973 Landsat images (and 
particularly on the diazochrome enhancement of part of the area, figure 5 ). Had any 
change occurred in this area it would therefore have been detectable from a comparison of 
the Landsat images with the aerial photographs or maps. 

In the complete absence of Landsat cover, due to cloud, the comparison of aerial 
photographs and/or maps of different dates may be resorted to f or locating area where 
change is in progress. But this will generally not be practicable f or large areas 
corresponding to a number of Landsat scenes (given that one Landsat scene is covered by 
about 800 aerial photographs of 23 x 23 cm format at 1:50  000), and the situation then is 
much the sane as that encountered by the project in locating areas f or the back-look studies, 
described in 4.1. As was done by the project, one approach will then be to narrow down 
the areas to be examined for the presence of significant change by appeal to existing 
information held by persons with the relevant knowledge. However, this may not always be 
appropriate (because unsystematic and subjective), or effective, when large-scale long-term 
monitoring operations are to be implemented. The same applies to the random observation of 
change in progress in the course of ground or air surveys being conducted for other purposes 
(e.g. vegetation mapping). 
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5.2.2 Prediction of stability 

When areas where changes in the forest cover are in progress cannot be identified 
directly, either due to the absence of the requisite documentation, or because they do not 
exist in the region under consideration, then the identification of areas to be monitored 
may be approached indirectly by predicting the stability (or instability) of elements of 
the vegetation coverV and monitoring those which are assessed as being least stable (i.e. 
most at risk). (In some respects such a procedure constitutes a stratification of the 
vegetation cover into 'stability classes' and as such will also be useful to narrow down 
the areas to be examined on remote sensing documents of two or more dates for the direct 
location of past change). 

The prediction of stability can be applied to the identification of areas which require 
monitoring whatever their extent e.g. to determine which countries in a region or areas 
within a country exhibit a level of instability which would make monitoring advisable, or to 
decide to which of two elements of a vegetation class in the same locality priority for 
monitoring should ' assigned. Priority implies a temporal dimension and levels of 
stability are evidently also a guide to the relative interval at which two elements require 
to be monitored. 

Stability, in this context, may be defined as the probability that a given element of 
the vegetation cover will be cleared, or significantly degraded, by human intervention. 
AssesBment of what constitutes 'significant degradation' must be made in terms of the 
present level of the productive and/or protective function. For a forest, for example, 
this may not be materially affected by selective logging at a low level of mechanisation; 
but it could be seriously threatened in the long term by the underplanting of cocoa and 
coffee. 

Method.. 

On the basis of the observations made in the course of vegetation mapping, it was 
shown in the project's report on Togo that priority for monitoring should be given to two 
of the three classes of high forest. In the Conclusions (Chapter 6) of that report it was 
also pointed out that it was significant that the area of high forest which displayed a 
high degree of stability (Class 1) was surrounded by another stable formation, acting as a 
buffer between the forests of Class 1 and areas of high population density and intensive 
cultivation. The areas of forest being cleared for cultivation, on the other hand (Class 

5 for example), were adjacent to regions of intensive cultivation and relatively high 
population density. 

This indicates an approach which may be used to assess the relative stability of 
elements of the present vegetation cover whose preservation is of concern, either to 
identify area where monitoring is required, or to establiBh priorities for monitoring among 

J 'Elements of the vegetation cover' refers - to units such as are placed within a 
boundary on the vegetation maps; clusters of such units when they are small, and sub-
divisions when they are large. 
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specific elements of the vegetation cover. Essentially this would consist of listing and 
evaluating the factors which affect the stability of the elements concerned. 

If the procedure is to be applied on a large geographical scale to differentiate 
between major portions of a country, for example, then it would be appropriate to use a 
technique similar to that applied for the eco-floriatic zonation (3.6), namely to prepare 
a series of transparent maps displaying the distribution of the major factors influencing 
stability of the vegetation cover, such as population density, land use, slope classes, etc. 
and to overlay these on a vegetation map. The relative stability of the major zones may 

then appear quite readily, or a more detailed assessment could be undertaken as described 
below. 

Among the factors to be taken into account the following, based on the experience of 
the project's work, can be listed: 

- the absolute extent of a formation whose stability is to be assessed 

- its location in relation to similar formations 

- the relative stability of the adjacent formations and their extent 

- population density and its spatial distribution 

- the major forms of land use 

accessibility 

- terrain conformation in relation to land use and to the distribution of the vegetation 
formations being considered 

- the ecological status of the vegetation formations (climax, marginal, successional 
stage; eoo-floriatic zone) 

- socio-eoonomic factors such as the demand for wood, programmes for population 
resettlement (e.g. outside national parka, as in Togo) and projected development 
activities including road construction and commercial forest exploitation. 

Calculation of the index. 

These factors can be weighted to reflect their relative impact on stability. Thus the 
fact that a forest massif is adjacent to a densely populated area may be considered to have 
a greater (negative) influence on its survival than the fact that it occurs on relatively 
steep slopes difficult to cultivate and constituting some deterrent to its clearing for 
that purpose. In practice the logical procedure will be to assign the largest weights to 
the factors having the greatest potential for the destruction of the forest cover. The 
resultant index will therefore be numerically large when the forest is most at risk and 
will in effect be an index of instability. 

For each of the factors considered (which can be confined to those most critical in a 
given situation and need therefore not be exhaustive) a ranking order can be based on a 
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linear scale (e.g. from 1 to 10). Each vegetation element being evaluated is then assigned 
a value on such a scale, based either on some absolute quantity (e.g. population density of 
the adjacent area), or a relative assessment (e.g. intensity of surrounding land use), 
although in most cases it will also be possible to quantify such factors, e.g. in terms of 
distance to a region of intensive cultivation. Care must be taken that the highest rank on 
a scale is consistently equated with the highest degree of instability (in line with the 
weights), since some factors may favour stability when they have a high numerical value 
(e.g. degree of slope), and others when they have a low numerical value (e.g. population 
density). A linear index of instability will then be obtained for each vegetation element 
by multiplying weight and rank for each factor and summing these products. 

Such an analysis of stability may be undertaken in an exhaustive manner for entire 
regions by obtaining a linear function of the various factors, for instance by a principal 
component analysis, from which the index for all, or selected, elements of the vegetation 
cover is then calculated in accordance with their rank for each factor (as mentioned in the 
report on the Formulation of a Tropical Forest Cover Monitoring Project, p.30). Or, as 
mentioned above, it can be used in a more restricted way, for example to assess the relative 
priority for monitoring between the fragmented eaaternmoet elements of the forest of class 
1 and class 12 in Togo (see vegetation map), by a comparison of the selected critical 
factors based mainly on their presentation on the vegetation map, as illustrated below. 

Class 1 Class 12 

Factor! Weight Rank Product Rank Product 

Distance to region of intensive cultivation 4 4 16 10 40 
Population density of adjacent region 4 2 8 7 28 
Steepness of forested terrain 2 6 12 2 4 
Predominant size of individual forest areas 2 5 10 3 _4 
Sum of products - Index of instability 46 76 

On the result of this analysis there is a higher probability that deforestation will 
occur among the isolated forest areas of class 12 than among those of class 1, which it is 
therefore less urgent to monitor. It is important to note that it is the relative magnitude 
of the index which is significant for evaluating priorities, but that it would generally be 
difficult to interpret the magnitude of the index in terms of absolute stability. 

More complex situations can also be envisaged, such as the case of the Togodo study 
area. It was mentioned above that the Togodo and Tsagba areas were situated about 10 kin 
apart. By 1969 the extent of forest in the Psagba area had been reduced to 181 ha, about 
90% of the original 6 237 ha having been cleared, for cultivation (table 44). At this point 
there was a migration into the adjacent Togodo area, the nearest reserve of good oultivable 
soil under a forest stand, where clearing for cultivation then proceeded at a high rate. 
In such situations the introduction of a time factor and relative rates of change in adjacent 
areas would have to be taken into account for the assessment of stability, requiring a 
modelling procedure rather than the estimation of a linear index. 

In the establishment of the linear index according to the example given above, ran1s 
can usually be assigned objectively for each factor from measurements or other quantitative 
data, whereas weights can only be assigned to each factor in a more or less subjective 
manner. The example shows that the index is highly sensitive to the weighting of the factors, 
which must therefore be based on the best available information. _fl 
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Additional back-look studies. 

One source of such information will be the results of back-look studies of the kind 
conducted by the project, which provide data on the rates and kinds of change to which the 
forest cover is being subjected and enable these to be linked to the causal factors concerned. 
Any monitoring programme established in the project countries Would therefore benefit from 
the investigation of additional study areas. 

As appears from 4.1, the selection and location of study areas will usually be a 
subjective procedure, so that an objective statistical method for determining their frequency 
in relation to the variability of the conditions which they bring to light is not applicable. 
However, the principles underlying statistical analysis can also serve for a subjective 
sampling procedure and the representativeness of subjectively selected study areas can be 
improved by distributing them among relatively homogeneous strata. Such stratification 
can be based both on eco-floriatic zones, to reduce the variability of the vegetation 
classes encountered, and on the distribution of factors related to stability, as discussed 
above, since these are likely to influence the rate of change which is the main variable 
being sampled. The representativeness of the study areas will also be improved when their 
frequency within the different strata is proportional to the heterogeneity of the strata. 
Such heterogeneity can be assessed initially as a function of the number of vegetation 
classes and the range of factors related to stability present in a given stratum. Paking 
the vegetation map of south Cameroon as an example, from inspection alone it appears that 
far fewer study areas would be required in zone III, which is largely dominated by a single 
vegetation class and has more or less uniformly low population density, than for zone V 
which contains five vegetation classes of significant extent and exhibits a wider range of 
population density, topography and land use. 

5.3 MONITORflG PROCEDURZ 

5.3.1 Introduction 

Areas which have been identified as requiring monitoring may be periodically observed 
and assessed for change either in their entirety, or by a sampling procedure. While the 
latter can be applied as a matter of choice, the possibility of implementing complete 
monitoring will usually depend on the extent of the areas concerned and the means available 
for their periodic observation and assessment. If the means are inadequate then sampling 
will be mandatory, unless the area to be monitored is deliberately reduced (possibly after 
a refinement of the assessment of stability) to permit its complete monitoring by the means 
which can be deployed. In certain situations statistical sampling may also be preferred on 
theoretical grounds, because the procedure enables the precision of the quantitative results 
to be calculated. There are consequently no hard and fast rules for selecting one or other 
of these procedures, although in any given situation logistic considerations will tend to 
influence the choice. The main difference between the two procedures consists of the way 
in which the observations are distributed and the results are analysed, whereas the methods 
for making the observations and measuring change in the forest cover are common to both. 
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5.392 Methods of_p!riodio  observation 

Periodic observation of the forest cover to ascertain whether changes are occurring 
are best ma4e by remote sensing, the state of the forest cover at a given time being recorded 
on Landsat data, on conventional aerial photographs, on 35 or 70 mm photographs of fixed 
plots from light airoraft, or by visual observations from a light aircraft or helicopter. 
Although the detection and measurement of change will generally be easier and more reliable 
when the recording method is the same at successive dates, when different methods are 
unavoidable this does not necessarily invalidate the use of the resultant data, as mentioned 
in 5.2.1 9  Remote sensing permits extensive areas to be observed in a limited time and, 
more significantly, the near vertical view of the forest cover which it provides allows an 
immediate appreciation of the size, distribution and nature of gaps in a stand and a clear 
view of stand margins. This is difficult to obtain from the ground and will often be the 
key to ascertaining whether change is occurring. In most cases stand physiognomy can also 
be recognised and its modifications therefore observed, although when change is confined to 
physiognomic modification some ground control will usually be necessary as well. 

Observation on Landsat data. 

The use of Land.sat data for monitoring will depend upon its availability and the scale 
at which the changes are occurring (4.3.3)9 Only the presence of a Landsat receiving station 
covering the area to be monitored would provide sufficient assurance that data will become 
available for observations at an interval of two to three years at most if the area is very 
cloud—prone. In 1980 Africa remains the only continent without a Landsat receiving station 
so that for the present monitoring south of the Sahara with Land.sat data should not be 
contemplated at intervals of less than three or four years, during which time new cloud—free 
imagery could be expected to become available, especially if the necessary arrangements with 
NASA were made. 

If change of the forest cover is to be observed and analysed at a scale of 1:50  000, 
as done by the project (4.2), then this could, only be done by the computer processing of 
the digital Landsat data (appendix 2)9 On imagery at 1:250 000 it is possible to interpret 
and map areas of two to three millimetres square, i.e* areas of 25 to 60 ha, although this 
will depend very much on the quality of the images and the nature and contrast of the areas 
concerned.. The possibility of using LaMsat images for monitoring as a function of their 
scale is therefore dependent on a range of factors, including the rate of change and the 
monitoring interval, which determine the size of the area to be periodically mapped and/or 
measured, and of the pattern of deforestation. If individual areas of deforestation become 
larger between observations (rather than only more abundant), then they will also become 
progressively easier to interpret and map on Landsat images; but if change is mainly due to 
the removal of individual trees and shrubs (as in the Malanville area of Beniri for example) 
to supply fuel wood and poles, then this could be detected on Landsat imagery only at 
rather long intervals (4.3.2). 

When an evaluation of the factors discusBed above indicates that Landeat data can be 
used for monitoring in a given situation then there is every incentive to do so since, 
compared to any other form of remote sensing data, its cost is negligible and its procurement 
simple. Its geodetic accuracy is generally good (3.2)  and it therefore lends itself well 
to mapping for the measurement of areas, which may at times also be carried out directly on 
the imagery. 

= 
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Observation on aerial photographs. 

Conventional modern aerial photography of good quality has virtually no technical 
constraints as far as its interpretation for monitoring tropical forest cover is concerned, 
and can provide cover of consistent scale and overlap flown in straight lines, all of which 
facilitates interpretation and mapping. Fcept in flat terrain the preparation of maps 
directly from interpreted aerial photographs can be troublesome (4.2)  due to image 
distortion and is necessary because for the same reason they do not lend themselves to the 
direct measurement of areas. 

There are, however, several factors which limit the use of conventional aerial photo-. 
gra!pby for the periodic observation of forest cover in the tropics. As discussed in 4.1 
obtaining aerial photography in the tropics can often be frustrated by unfavou.rable weather 
conditions. The need to programme photographic missions by commercial firms usually several 
months in advance of their execution makes it difficult to take advantage of short periods 
of good flying weather. The cost of conventional aerial photography is also extremely high 
and since many of the costs are fixed the cost of photography per unit area is much greater 
for small areas. This will therefore generally preclude repeated aerial photography at 
intervals of a few years, unless this can be executed by a Government agency at nominal cost. 

Observation with light aircraft photography. 

Light aircraft photography is relatively cheap, costing little more than the rental, 
or operation, of the aircraft. An overwhelming advantage for tropical forest cover 
monitoring is that it can be carried out at a few hours notice and so use the short periods 
of favourable weather which generally occur, to ensure obtaining the photography required. 
The disadvantages are the small photographic format; the difficulty of maintaining the 
camera's optical axis vertical and of precise navigation (e.g. in crosewinds). Precise 
navigation for light aircraft can be attained by installing global navigation systems which 
function on low frequency signals transmitted from ground stations. When such navigation 
aids are not available it would be particularly difficult to produce photography with 
constant side-lap and under such circumstances an area would normally be photographed by a 
series of more or less parallel but discrete line transects. By making these eu.fficient].y 
dense over the area in queStion a comparison of the state of the vegetation cover at 
successive times could be made. Another possibility would be to establish permanent e*mple 
transeOtB, if conditions permitted their repeated location with certainty. 

The two main elements required for 35 or 70 mm aerial photography are a light aircraft 
and a mount with its various accessories for the camera, or cameras. Until recently the 
need to have the mount custom built posed considerable problems for this type of photography 
and since it meant making long term arrangements for the availability of a particular light 
aircraft prevented its use by the project. 

It has now been reported from the United States (Meyer and Grurnstrup, 1978) that a 
firm there will produce such a camera mount to order. A national forest cover monitoring 
unit could, therefore, obtain this and mount it on its own aircraft, or on one locally 
available at short notice. With these two elements assured the execution of 35 or 70 mm 
aerial photography to meet the needs of a monitoring programme can be undertaken. The 
publication referred to above gives comprehensive information on many aspects of 35 mm 



aerial photography, permitting such a system to be orgnized. Some aerial survey companies 
and other institutions also use mounts, usually f or a bank of four 70 mm cameras, for 
attaching outside the door of light aircraft of various types and could furnish the 
specifications for having these custom made. 

Once a system for obtaining repeated aerial photography of areas to be monitored has 
been established the basic procedure for the assessment of change will be essentially the 
same as used by the project for the study areas, described in section 4.2. By carefully 
establishing the scale of the light aircraft photography it will be possible to map the 
vegetation by close reference to a map of the area made from the latestavailable metric 
aerial photography. In certain cases mapping may not be necessary, as when the annotation 
and comparison of photographs of succeeding dates displays any change, or its absence, 
sufficiently clearly for the objective in view. 

Visual inspection. 

If circumstances do not permit the use of Landsat data or aerial photography for 
monitoring, for example at the outset of a monitoring programme or at some juncture when 
the necessary facilities are not available, recourse may be had to aerial inspection of the 
areas to be observed.. Such inspection may also be carried out to confirm the identification 

of areas to be monitored. The procedure should aim to provide a comparison of the present 
B -tate of the vegetation cover with its depiction at an earlier date on Landaat images, 
aerial photographs, or maps. Whatever documents are available should be systematically 
studied and annotated and used to plan the aerial reconnaissance. 

During the inspection systematic observations of present conditions will need to be 
made in a manner which will permit comparison with earlier conditions as displayed on the 
documents being used. This may be facilitated by using a grid overlay, particularly when 
it is necessary to sketch present boundaries of vegetation classes from an aircraft. This 
is best done while hovering in a helicopter. With a light aircraft lines may have to be 
flown repeatedly until the sketching is satisfactorily accomplished.. While this will not 
permit any precise measurements, it will enable the occurrence of change to be established 
and indicate its nature and magnitude, and in some instances this may suffice. 

Monitoring objective. 

It is evident that the methods used to make periodic observations will also depend on 
the information which these are designed to supply and the formulation of the objective of 
monitoring a given area or region should form an essential step in the overall design of a 
monitoring programme. The information which is required may range from the simple confirma-
tion that modification of the forest cover is taking place, through data on absolute areas 
and rates of deforestation, to an analysis of the nature of changes of the vegetation cover 
taking place over time. 

Even if only the confirmation that change is taking place is of interest, this is 
usually best supported by measurement of the areas of forest at different dates. As 
mentioned above, except in flat terrain this requires the prior transfer of areas delimited 
on Land-sat images or aerial photographs to a -topographic map, as described in 4.2 The 
actual measurement of areas on a map is usually best carried out using a dot grid, as 
discussed in 3.8. 

- 
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As mentioned in 593.1, the methods of observation and measurement discussed apply 
equally whether observations are made for entire areas or only for samples. In the former 
case the analysis of the measurements obtained can be conducted as for the study areas, 
described in 4.2. For sample observations a different approach is required, as described 
in the next section. 

5.3.3. Methods of sampling change 

The project's conmitment to the production of vegetation maps and studies of change, 
coupled with constraints of time and of the availabilitr of staff, did not permit the 
implementation of a sampling method, although its application in trial form for Togo was 
given some consideration and is referred to below. 

As mentioned. in 5.3.1, the incentives for monitoring by observing and taking measurements 
on only a sample of the total area being monitored will either be to reduce the amount of 
observation when very large areas are being monitored and to extrapolate the sample values 
to the entire area, or to obtain an objective estimate of the error of the quantitative 
results even when the areas being monitored are quite small. In either case the desired 
result requires that the procedures conform to statistical sampling theory. This is 
expounded in many general and specialised. texts (e.g. Manual of Forest Inventory, FAO, 1973) 
and will not be elaborated on here except in so far that it is relevant to the exposition 
of the procedures described. 

The population. 

As a first step in designing a sampling procedure the population to be sampled must 
be defined. The population cannot be defined as all those areas where change has occurred, 
or is occurring, because this requires that all such areas are known and mapped since, to 
be statistically valid, samples must be selected from the entire population. If the only 
parameter of interest is the progressive loss of forest area then the population can be 
defined as the area of forest at a given period within some geographically defined limits 
(e.g. an eco-floristic zone, a country, or a group of cntries), providing that information 
on the location of the forest is available. 

If the latter is not the case, or if the parame:ter of interest is the rate of change 
between various classes of woody vegetation cover (as analysed in the project's study areas) 
then it will be necessary to regard the vegetation cover over the entire geographical area 
being monitored as the population to be sampled. This demonstrates the interest of first 
identifying areas where monitoring is required as closely as possible (i.e. a first level 
of stratification), to reduce the incidence of samples where no change is taking place. 

It is also possible arbitrarily to define much smaller areas where change is known to 
be taking place, such as one of the project's study areas of less than 100 000 ha, where 
again the population to be sampled would be the vegetation cover over the entire area. 

Size of sampling units. 

Another prerequisite for the implementation of a sampling procedure will be the 
determination of the size of the sampling units. In a study of the reduction of the forest 
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area in the Ivory Coast Lanly (1969) assessed the area of forest at two dates by using the 
effective area of selected aerial photographs at 1:40  000 as sampling units, each of which 
had an area of 1 500 ha, From practical considerations this has much to recommend it and 
from what has been said in 493.2 about the size of the areas cleared annually in the project 
countries, such a sampling unit would be adequate and could even be reduced in size (e.g. 
by selecting plots diBtributed within the effective area of an aerial photograph) if 
monitoring a carried out at intervals of only a few years. 

However, when considering the size of sampling units for monitoring change in the 
forest cover it must be taken into account that the area of deforestation, at a given 
location, may expand over time. When this occurs it will sooner or later lead to the 
repeated observation of zero change in some, or all, of the sampling units and make the 
sample as a whole progressively less representative of the parameter being sampled. For a 
given rate of deforestation and monitoring interval this will tend to occur the sooner, the 
smaller the sampling units are. Although the sampling error will usually be lower when (for 
a given sampling intensity) a larger number of email sampling units is used, the determina-
tion of the size of the sampling units will usually require a compromise between considera-
tions of precision and representativeness of the sample. 

The size of the sampling units will also be influenced by the method of observation. 
It has already been mentioned that the effective area of an aerial photograph makes a 
convenient sampling unit. If Landsat images are used to make the periodic observations 
then the size of the sampling units must clearly be large enough to be readily detected and 
interpreted. As mentioned in 5.3.2 monitoring in the tropics is most likely to depend on 
light aircraft photography and without special navigation aids this is best suited to the 
photography of discrete areas such as sampling units, which may then take the form of 
relatively short lines of (preferably) 70 mm photography. In this case it may also be 
necessary to mark sampling units on the ground, for repeated identification. 

When absolute area is being sampled (e.g. the amount of forest depletion), for the 
sample mean to be extrapolated over the entire area of the population it is necessary to 
know the precise area which has been sampled (which is given by the product of the area of 
a sampling unit and the total number of sampling units) as a proportion of the total area 
covered by the population. 

Sampling intensity. 

The magnitude of the sampling error (or the precision of the sample mean, which may 
be expressed as the percentage sampling error at a given level of probability), is a 
function of the number of sampling unite and of the variability of the population parameter 
being sampled. Since making monitoring observations is exacting and often costly and the 
means for their acquisition will tend to be limited there is, as in most applications of 
sampling, an incentive to reach an optimum compromise between the size of the sampling error 
and the number of samples. Of the three variables involved, the allowable sampling error 
must be predetermined, the variability of the population parameter estimated or sampled, 
and the corresponding number of samples calculated from the first two variables. 

The variability of the parameter, expressed as the variance of the mean of a number of 
sample values (e.g. of the percentage reduction in forest area between two dates, or of the 
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average annual rate of change), may be estimated from available record.s, or some samples 
measured on the aerial photos or Lend.sat cover available, or from back-look studies, or any 
combination of these, 

In broad biological studies as represented by forest cover monitoring a precision of 
± 10% at a 95% prob.ability level can be considered very satisfactory. If this results in 
the calculation of a number of samples which is considered too large, then the allowable 
error must be increased (i.ee the acceptable precision reduced) until a practicable 
compromise between these two variables is attained. The actual sampling error of the 
results will of course depend on the variance of the mean of all the samples measured. 

It is evident that the variability of the parameters of change will be very high when 
considered over the entire area of a country such as Togo, or any other large area with a 
similar range of ecological and sooio-economic factors. Thus both on statistical grounds 
and to be able to relate the results to more specific geographical and ecological units, it 
will always be preferable to stratify extensive areas into more homogeneous and restricted 
areas (or, strictly eaking, populations). The two major criteria for stratification will 
be the eco-floristic conditions and the distribution of the factors which most commonly have 
a significant influence on the rates of change, as discussed in 5.2.1. The boundaries of 
the strata should be depicted on a map, so that sampling units can be assigned to the 
appropriate stratum. The calculation of the number of sampling units, as described above, 
must then be made separately for each stratum. 

Sampling design. 

A major consideration in any sampling procedure is the selection of the sampling units, 
i.e. the sampling design. To conform to statistical theory the selection should be random 
and with replacement, i.e* every unit should have an equal probability of being selected 
each time a selection is made. This latter condition can be ignored if the proportion of 
sampling units is small compared to the total number of such units comprising the population 
being sampled (FAO, 1973 p.23),  which will usually be the case. As is commonly done for 
tropical forest inventory, for greater ease of execution and reduction of cost (e.go of 
periodic light aircraft photography), it will generally be preferable to distribute sampling 
units systematically, although this may result in some (unknown) overestimation of the 
sampling error. 

If there is no existing data, i.e. aerial photographs, Land.sa-t images, vegetation maps, 
on which the 'initial' extent of the forest cover, or of various vegetation classes can be 
measured, then the simplest procedure will be to lay a grid over a map of the various 
strata and distribute the calculated number of sampling units systematically within each 
stratum, using the grid intersections to locate the centre point of a sampling unit to be 
photographed from light aircraft. 

If in Togo, for example, it was decided to use the 1949  aerial photo cover to represent 
the 'base line' situation and the 1977/73 cover to make the first measurements of change, 
and that a sampling unit would be equal to one aerial photograph (or only its effective 
area), then for each stratum the number of photographs corresponding to the calculated number 
of sampling units can be systematically selected. This may be done by reference to the 
photo-index f or the mission and the map of the strata, and selecting each nth photograph in 
every ith line to obtain a systematic distribution over the area of each stratum. 
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For the next set of observations, say in 1982, no new aerial photography may be avail-
able. For the conditions encountered in Togo Landsat imagery would not permit sufficiently 
detailed interpretation to observe all the changes of interest. ])igital Landsat data could 
not be readily used to observe changes other than the clearing of high forest. It would 
therefore be necessary to have recourse to light aircraft photography of the sampling units. 
Whatever subsequent method of observation is used, this will be facilitated by preparing a 
map at the outset which shows the location of all the sampling units in each stratum. When 
different vegetation classes are being mapped and measured at each observation some ground 
control will also be required, at an intensity dictated by the circumstances. 

A number of variations on these procedures are possible, e.go first selecting areas on 
Landsat images or selecting grid squares on a vegetation map (primary sampling units), and 
then within these selecting aerial photographs, or sampling units to be photographed from 
light aircraft (secondary sampling units). But for the •amples cited, the statistical 
design will be either a one-stage or two-stage stratified systematic sampling, for which 
the estimate of the population mean, its variance and precision may be calculated from the 
sample value of these parameters according to standard statistical procedures and formulae 
as applied, for example, to tropical forest inventory. 

The analo' between forest cover monitoring by a sampling procedure and forest 
inventory is particularly pertinent when continuous forest inventory is considered, which 
also involves a process of periodic sampling. Various types of continuous forest 
inventory are possible, according to whether the same sampling units are always remeasured, 
or are replaced to varying degrees at successive measurement times. 

For monitoring change from one vegetation class to another it would be advantageous to 
use the procedure of successive sampling with partial replacement (see FAO, 1973 p.183 if.) 
because the location of the sampling units progressively changes and this will ensure 
obtaining a more representative sample of change in conditions where shifting cultivation 
in the strict sense is practiced and cleared areas tend to multiply rather than to expand.. 
It will also avoid that in conditions where cleared areas expand over time an increasing 
number of sampling units will cease to manifest change because they have reached the ultimate 
stage of the removal of the entire woody vegetation cover ("0" sampling units). This 
approach was also recomended in the 'Formulation' report (1.1) because it tends to result 
in a lower sampling error than using all the same sampling unite for successive observations. 

Such a procedure can be implemented, for example, if Landsat imagery can be used to 
make the periodic observations and new Landsat cover is regularly available. As mentioned 
earlier, complete conventional aerial photographic cover at likely monitoring intervals for 
extensive areas will rarely be available. But photography from light aircraft could also 
serve, since new sampling units can be selected as originally, centred on the interaeotione 
of a grid which can be located on a map and photographed as required.. 

In the application to continuous forest inventory of sampling With some degree of 
replacement, a proportion of the sampling units is measured only once and the relationship 
between the value of a parameter at successive inventories is calculated from the regression 
of its estimated mean value at the later time on that at the previous time. This is not 
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applicable to monitoring rates of transition between classes of the vegetation cover as 
done in the study areas (although appropriate for sampling the reduction of the forest 
cover as a proportion of the original extent over a given region), because the conditions 
of change at each location are unique (e.ge the absolute area of change between two dates, 
as opposed to the d.imensionle.s average annual rate of change derived, from this). However, 
as long as at least two successive measurements are taken for each sampling unit then the 
data will be in the form of ratss of change at specific locations and may be analysed 
accordingly. 

A further consideration which arises in using a sampling procedure to monitor change 
is that the results would provide estimates of mean rates of change over an entire stratum, 
but would not necessarily identify all areas where harmful change was occurring at a given 
time when such a stratum covers a large area (e.ga an entirs soo-floristic zone). Signif-
icant changes requiring intervention could, therefore, escape notice and so vitiate the 
system as a means of giving adequate early warning of the degradation of the forest cover. 
However, this could to some extent be overcome by noting areas where change was occurring 
on a high proportion of the sampling units and undertaking a systematic survey of such areas. 
Observations made on photographic flights between sampling units could be acted on in the 
some way. 

Finally, it may be mentioned that the first time observations are made of the areas of 
different vegetation classes in each sampling unit this constitutes a sample estimate of 
the total area of each of the vegetation classes over the entire area being sampled. While 
the usefulness of the 'base-line' vegetation maps of the kind made by the project has 
frequently been referred to in this chapter, and their applications also go beyond this, 
there could well be situations where making  such maps would not be practicable and the 
assessment of the initial state of the vegetation cover could be obtained by the application 
of a systematic sampling strategy of suitable design. Although the representation of the 
spatial distribution of the vegetation classes would be rudimentary (obtained for example 
by extension from sampling units over the entire grid), the area of each vegetation class 
would be objectively estimated, and the confidence limits of the estimate known. Such an 
approach could also serve, for e'ample, to establish priorities for a subsequent prograe 
of conventional vegetation mapping. 

5.4 PRFTATI1 CP MITORThG DATA 

Monitoring the forest cover Will produoe data about the absolute and relative extent of 
areas and on rates of change, at successive times. Such data can be presented in various 
ways, depending partly on the use to be made of it. 

Absolute areas, at one or more dates, can be presented in tables such as are shown in 
Appendix 5. The sane may be done for relative areas, e.gs the area of high forest at 
different dates as a percentage of the area at the earliest date, or of the total land area 
of an administrative of other unit. Tabular statements also lend themselves to aggregation 
for successively larger units of area, whether administrative or geographic. 

Such data can also be displayed in the form of maps, from which it will usually be 
derived. An example is the maps of the Tsagba study area (Togo) in 1949 and 1969 attached 



to this report. For a situation of complex change as displayed there a new map is beat 
produced for each date of observation and the time series compared. In simpler situations, 
when only the regression of one cover Class is mapped (or all cover classes regress to a 
coninon class, e.g e  cultivated land, but not into each other), then the areas at successive 
dates may be shown on the same map, in a series of different colours, for example, to provide 
a striking display of change over time. 

If rates of change are expressed as percentages, in the form used for the study areas 
(4.3.1), or as any other ratio, the resultant numerical values can also be tabulated (e.g. 
table 4.1). Within tables they may be grouped by the vegetation classes between which 
change has occurred, and by location, and when dealing with a large amount of data the 
numerical values themselves may be grouped into classes, e.ge up to 3%, 3 to 6%, etc. 
The absolute areas present at different dates can be presented in the form of contingency 
tables (e.g. table 4.3) for dates 1 and 2 1  2 and 3, etc. Such tables are particularly useful 
for the display of the qualitative trends and magnitude of change between two observations, 
which need not be consecutive. Thus, in add.iiiou to contingency tables for the two most 
recent observations it may also be of interest to prepare such a table comparing the 
earliest and latest situation. 

Contingency tables can also be aggregated for increasingly larger units of area. It 
is also possible to envisage the preparation of maps on which classes (i.e. levels) of rates 
of change at different locations, or in different zones, are represented by symbols or 
colours. 

By overlaying any of the maps discussed above on to thematic maps at the same scale - 
vegetation cover, land use, soils, climatic data, population density, etc. - maps synthesizing 
such thematic information with the data derived from forest cover monitoring can be prepared 
and used as an aid to analyzing the relationship between the factors involved, as a guide 
to the inventory and management of the forest cover, for land use planning, etc. 

The manipulation of a range of thematic data to obtain such a synthesis may also be 
done by using computerized or manually operated geographic data systems. In this case all 
the data is referred to a system of spatial coordinates. The implications for forest cover 
monitoring will be mainly the need to record and organise the data obtained periodically 
so that it is compatible with the data management system being used, for example concerning 
the size of the recording areas and the format of the data records. 

For tropical forest cover monitoring the frequency at which new data is obtained will 
usually be low - once a year at the most. But the number of observations at a given time 
may be very great when the areas being monitored are very extensive. If this is the case 
the use of a computer facility to handle the data derived from monitoring could be 
contemplated, especially as existing computer programmes could be used for most of the 
computations reqtd.red. If such a method is adopted it would also lend itself to the 
production of computer printout amps for the display of the results, as discussed above, 
although this might require the preparation of some special programmes. 
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CHLPTER 6 

SUMMARY OF C(1CLUSICS AND RCOMMD&TICZS 

6.1 GERAL 

The methods adopted by the project for mapping vegetation cover at the country level 
and for investigating past Changes in the vegetation cover in selected areas of limited 
extent, with the results obtained and the observations made in the course of these activities, 
have been set out in detail in the report on each of the three participating countries 1" 
and in the preceding chapters of the present report, which has also dealt at some length 
(chapter 5) with the implications of the project's activities and findings for the continuous 
monitoring of the forest cover. The present chapter therefore only presents the main 
conclusions, and the recommendations to which tiese lead, to provide a summary overview of 
how tropical forest cover monitoring may be approached and conducted, on the basis of the 
project's pilot activities in this field. 

These also lead to some more general conclusions and recommendations. The vegetation 
cover maps confirm (because the observation is not new) that the loss of forest cover is 
related to population density. This applies whether the three countries are compared in 
terms of overall population density and area of forest remaining (illustrating the historical 
trend), or whether specific localities are considered as may be done on the map of south 
Cameroon where the distribution of areas of degraded forest more or less reflects the 
distribution of access routes - roads and rivers - along which the population is concentrated. 
Consequently any intervention to halt or moderate the loss of the forest cover should be 
undertaken not only in consideration of the forest, but primarily in the light of the needs 
of the population and how their satisfaction may be brought into equilibrium with the 
maintenance of adequate forest cover. 

To be in a position to undertake the management of the forest cover under such complex 
terms will require sound knowledge of the specific causes and processes of deforestation 
(or degradation), and of the effects on the factors of the environment and on the &ynamics 
of the forest itself, for example its potential for reconstituting itself under protection 
or fallow. 1. starting point for such investigations could be the results obtained from the 
project's study areas, although eventually they should be distributed over the range of 
significantly different ecological and socio-economic conditions which may be identified as 
described at the end of 592. 

In all three of the participating countries the forest cover, in the broadest sense, 
is being reduced albeit at very different rates and under widely different circumstances. 
From what has been said above about the connection with population pressure, this reduction 
can be expected to expand its occurrence and increase its rate. Consequently it was 
recommended in all the country reports that monitoring of the forest cover should be under-
taken and monitoring units for this purpose set up. 

J BAum, Cameroon, Togo: Cartographic du couvert vAgétal et étude do sea modifications. 



Specific conclusions and recommendations concerning this and vegetation mapping are 
given in the next two sections. Proposals for extending multilateral assistance to other 
countries and regions for the inception of tropical forest cover monitoring are set out in 
Appendix 1. 

6.2 TROPICAL FORT COVER )W3ITORDG 

6.2.1 Planning of a monitoring proamme 

The implementation of a programme of tropical forest cover monitoring involves the 
planning and design of a series of mostly inter—related technical activities, which in turn 
will depend on considerations of policy and administration, and of the physical and socio-
economic conditions influencing the forest cover and its dynamics. The inception of a 
monitoring programme will therefore require the systematic consideration of various aspects 
which may include all, or some, of the following: 

- the institutional location and administrative level of a monitoring unit. These may 
be influenced, by considerations of the input and output of information, as well as 
of access to documentation such as aerial photographs and maps, when access to these 
is restricted. 

- the initial scale and rate of expansion of the programme, in terms of staff and the 
consequent needs for training, and in terms of facilities and equipment. 

- the major objectives of the programme, in terms of the kind, and scope of the 
information to be produced, e.g. data on the loss of forest cover at the country 
level, or data relevant to the dynamics of the fuelwood supply situation in the 
vicinity of major urban centres. 

- the identification of the areas to be monitored and the assignment of priority among 
these. 

- the monitoring scale/s and interval/s to be applied. 

- the method/B to be used for periodic observations and for their evaluation and 
analysis. 

- the form/s in which the results are to be presented and whether these are to be 
integrated into a natural resources data management system. 

- the detailed programme specifying which locations will be observed at a given time. 

Decisions about some of these aspects, such as the identification of areas to be 
monitored (when this is necessary) and the selection of the scale and interval to be used, 
will require preliminary work of the kind undertaken by the pilot project, namely vegetation 
cover mapping and back—look studies, unless the necessary information is already available. 
A decision to implement tropical forest cover monitoring should therefore also allow for 
this to be undertaken in successive phases which will progressively provide the information 
required to launch a systematic programme of periodic observations. 
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6.2.2 Monitoring Unite: Staff and information flow. 

The availability of staff with the appropriate qualifications and experience to conduct 
the project's work was the main constraint encountered in its execution. In all the project's 
country reports it has been recommended that a sufficient number of staff at various levels 
should be trained to make the execution of forest cover monitoring possible. Such training 
should permit an appreciation of the .color of the vegetation cover and the application 
of remote sensing techniques to study this. 

Personnel of forest cover monitoring unite should endeavour to keep abreast of new 
information about the vegetation cover and new remote sensing documents becoming available 
for their area of operation. The setting up of procedures and lines of communication to 
ensure this (rather than leaving it to chance) would form a useful component of any 
monitoring unit's activities, as would.the dissemination of such information when it 
originates from a monitoring unit. 

The importance of the input to monitoring units of information on developments with 
implications for the stability of the forest cover was emphasized in the conclusions of the 
country reports, as was the output of information by a monitoring unit concerning the results 
of its observations, so that these could constitute an effective early warning of the 
depletion or degradation of the forest cover for those authorities in a position to take 

appropriate action. 

6.2.3 Monitoring methodology. 

Although monitoring in the strict sense of making a series of observations at successive 
times was not undertaken by the project, the results and experience derived from the vegetation 
mapping and back-]ook studies indicated that tropical forest cover monitoring can be 
conducted by a multi-phase methodology based mainly on remote sensing data from satellite 
images and aerial photography. This permits observing the minimum area on the ground 
(i.e. minimising the most costly procedure - per unit area observed), and progressively 
larger areas by progressively lees costly procedures, i.e, aerial reconnaissance, aerial 
photo-interpretation, Landsat image interpretation. 

Periodic observation of the extent of the tropical forest cover can be made on Landsat 
data. Using the digital data enables changes over the area of a few pixels (say 2 to 3 ha) 
to be observed under some circumstances (Appendix 2). Using imagery, changes over areas 
With a dimension of a few hundred metres can be observed under favourable conditions. 
Landsat data should be used at all stages of monitoring to the maximum extent which its 
availability and resolution allows, because the data it provides can usually not be obtained 
more efficiently by other means. But given the constraints on the availability and 
resolution of Landeat data, the most suitable technique for making periodic observations in 
the tropics is likely to be photography taken from light aircraft. This will usually be 
more successful, in terms of obtaining photographs from which areas can be mapped and 
measured, for relatively small fixed plots than for extensive areas. Consequently monitoring 
by a sampling procedure, in which only relatively small sampling units need to be observed 
periodically, will tend to be the most efficient approach. At the same time the photographic 
operation should be made as efficient as the available funds allow, by using the most suitable 
aircraft, photographic equipment and aids to navigation. 
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The data from a time-series of observations obtained by monitoring can be analysed and 
presented in various ways (4.3, 5.4). The construction of contingency tables of the absolute 
areas of vegetation classes at two dates permits both the quantitative and qualitative 
analysis of change and is therefore particularly relevant for relating this to its causes 
and effects. When change in the area of vegetation classes is not too complex (4.2, 5.4) 
it can be presented on maps depicting the extent of a class, or classes, at different dates. 
For the synthesis of such data with related environmental and eocio-economic factors the 
use of a geographic data management system should be considered. 

6.3 VATI* )APPDG 

6.3.1 Use and preparation of the vegetation maps 

Apart from their application for a. range of planning functions and as a representation 
of the vegetation cover at a given time, it was shown (5.2.2)  that the vegetation maps can 
constitute an important source of information for the identification of 'critical' areas, 
where monitoring of the forest cover is required either as a precautionary measure to obtain 
early warning of the onset of forest clearing or degradation, or as a matter of urgency 
because modification of the forest cover is already in progress. For the orientation of a 
monitoring programae it will therefore be useful to produce such maps as a first step, if 
they are not already available, especially as they will also have applications for the 
stratification of the vegetation cover into eco-floristic zones, and 1 or the location of 
sampling units and areas in which to conduct back-look studies (5.3,  5.2). While such maps 
may be produced in the form adopted by the project, i.eo  line maps covering an entire 
country, or the entire forest zone in the case of Cameroon, they can also be produced in a 
simpler form directly on Landeat images (3.7.2)  and limited to the general areas of main 
interest for monitoring, in so far that these can be identified on the Landsat images and/or 
from otbr sources. 

The density of the vegetation (degree of crown closure, or of ground cover) and the 
relative height of the constituent elements (trees, shrubs, grasses) are the two features 
most readily observed by remote sensing, whether on Laridsat imagery, aerial photographs, 
or during survey flights. These two features, with the vertical and horizontal pattern of 
their distribution, constitute the physiognomy of the vegetation cover. While the actual 
physiognomic classes which exist are limited, they can be sub-divided to almost any required 
degree by using a range of additional criteria, such as floristic composition or edaphic 
situation. Consequently a physiognomic classification as used by the project will be most 
suitable for mapping vegetation cover either at small scales, or at larger scales for 
monitoring, when the observations on which the mapping is based are mainly made by remote 
sensing. 

The eco-floristic zoning applied to the vegetation maps can be used to increase their 
information content in a number of ways (3.6) and by constituting a degree of stratification 
also enhances the application of the maps as a basis for the identification of critical 
areas, the distribution of sampling units and the selection of areas I or investigations 
related to the conditions of change. Eco-floristic zoning should therefore normally be 
applied when mapping of the vegetation cover for monitoring purposes is undertaken. 
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693.2 Use of Land.sat data 

The project found that La.ndsat imagery served well as the primary source of data for 
mapping vegetation over extensive areas (of the order of tens of thousands of square kilo-
metres or more), the main reasons being that: 

- It permits the interpretation of detail compatible with scales appropriate for 
mapping large areas (1:500  000 or 1:1 million). 

- It permits the interpretation of a wide range of physiognomic classes and of edaphic 
sub-classes either directly, or indirectly (i.e. by inference from collateral data). 

- It constitutes a map base of good planimetric accuracy. 

- It facilitates mapping large areas rapidly, and therefore at low cost, because it 
permits the considerable spatial extrapolation of data from aerial photographs, 
air and ground 4urveya of representative areas cE limited extent. 

- It can be used even when of less than optimum quality and when the cover of the 
area concerned, is incomplete. 

- It can be interpreted and the results mapped with simple equipment and materials. 

Although the project's use of Landsat imagery enhanced by diazoohrome processing 
consisted only of a limited trial, it is possible to achieve a considerable degree of 
enhancement, even without enlargement, particularly for the fise distinction of vegetation 
classes (figure 5). Simple techniques involving the use of a densitometer permit the 
elimination of trial and error in the production of diazo colour composites and the 
combination of negative and positive images enables band ratio., and therefore vegetation 
indices (Appendix 2), to be simulated. Since diazo processing is cheap and versatile its 
use is recommended as a standard technique when Landsat data is applied to vegetation 
mapping or monitoring. 
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APPflIDIX 1 

Proposals for Follow-up Activities 

In agreement with UNZP the third objsotivs of the pilot project "to prepare the 
extension of the tropical forest cover monitoring projeot to the bthole African tropical and 
sub-tropical rsgion and to the Latin American and Asian regions" was postponed so that results 
of the pilot project could be available and evaluated before action in this respeot was 
taken. The matter via, hovsvsr, given some consideration and a draft project proposal was 
submitted to UREP late in 1977.  While the concept adopted for that project has broadly 
been maintained, aspects of its implementation have been modified, as a. result of experience 
with the pilot project and other factors, in the proposal presented below. 

Although administratively a single project, the implementation of the pilot project 
in three countries involved three distinct sets of project activities. An Agreement for the 
conduct of the project was negotiated With each country, separate teams of counterpart and 
international staff were established with their own work programmes, equipment and operating 
facilities. This was imposed both by the geographical locations and by the different 
institutional situ*tions in the thre. countries. If this mode of implementation were to 
be adopted as a model, it would imply the setting up and execution of a very large number 
of do facto projeots, given the number of ooiantriss with tropical forest cover (especially 
in the broad sense applied by the pilot project). In such a situation the negotiation of 
an Agreement with each country alone would become a. major task and other aspects such as 
recruiting sufficient staff and the level of funding required would become impraotioable. 

An alternative to this approach is th.refors proposed, consisting of the establishment 
of a number of regional, or more likely sub-regional, units to function as focal points 
for the initiation of tropical forest cover monitoring in a group of countries. Such units 
would pursue essentially the saw objectives as the pilot project, namely the assessment 
of the present forest cover and the study of change in oritioal areas preliminary to 
initiating continuous monitoring. 

But instead of executing these activities on a country by country basis through a 
series of individual projects, the role of the units would be to promote their execution 
by the oountriss concerned. To achieve this the units would engage in activities along 
the following broad lines: 

- Publicising and demonstrating the methods employed by the pilot project and other 
methods discussed in this report, by establishing appropriate contacts, holding 
workshops and seminars and providing consulting services, and by conducting trials 
to assist countries in adapting these methods for the range of conditions encountered. 

- Training and demonstration, by conducting practical courses and field exerc.ses 
and by acting an a clearing house for placing trainees at appropriate institution.. 

- Coordinating certain activities and ensuring the flow of technical information 
among the countries concerned and into the region or sub-region from outside. 
Technical aspects calling for some coordination include the eetabliahment of 

- 
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vegetation classifications, criteria for ecological zonation, matching maps of 
adjoining countries, statistical methods for sampling procedures, aggregating 
results from different countries to produce a. regional synthesis. Maintaining 
close contact with the technical developments, both within the region and in the 
world at large, in the range of activities of which monitoring is comprised and 
assisting countries in terms of information and consultations to adopt the new 
techniques most suited to their conditions. This will require participating in 
certain technical meetings and the establishment of a collection of the most 
important literature. 

The implementation of these activities would be greatly facilitated by attaching the 
regional monitoring units to existing institutions which are engaged in related activities, 
such as the Regional Remote Sensing Training Centres in Ouagadougou (upper Volta) and 
Nairobi (Kenya). These are engaged in training personnel from countries in the region in 
the application of remote sensing techniques and therefore offer many of the facilities 
required for the activities of the proposed regional forest monitoring units. Such an 
arrangement would g.. aatly reduce the time required to make the latter operational and could 
also reduce the inputs required for their establishment and functioning. 

The establishment of a new regional remote sensing training centre is being actively 
pursued in Asia in connection with the Asian Institute of Technolor near Bangkok (Thailand) 
and although less advanced, two such centres are also envisaged for Latin America. Both 
these regions alrea&y have national centres in various countries engaged in the advanced 
application of remote sensing for resources surveys, which could also be considered as 
hosts for a tropical forest cover monitoring unit covering several countries. 

A further advantage of this approach is the likelihood that in due course the monitoring 
unit would be absorbed by the host centre and thus not constitute an indefinite charge on 
the agency financing its creation. 

Although it i8 not possible to specify the detailed inputs for the establishment of 
regional forest monitoring centres at this stage the major requirements would be for staff 
and for funds to finance group training activities (including publications) and individual 
fellowships. A staff of two - a specialist in the field of tropical forest monitoring and 
a specialist in training activities related to this - supported by consultants, adequate 
travel funds and preferably an asBociate expert would suffice at least in the earlier stages. 
According to circumstances a certain amount of transport, equipment and supplies and the 
usual operating costs would also have to be provided. 

Once a decision to finance one or more such regional forest monitoring units in 
principle has been taken, the next step would be to negotiate their attachment to an 
existing centre for remote sensing training and/or applications from which the subsequent 
details for the formulation of a project will emerge. This may not differ substantially 
from the project proposal submitted to liNE? earlier. In any event, the implementation of 
a follow-up project should be envisaged with a preliminary phase of 3 to 6 months, depending 
upon its geographical scope, to conduct negotiations with host institutions and countries 
and to formulate the subsequent substantive phase. 
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APPDIX 2 

COMPUTER ANALYSIS OF LANDSAT DATA 

INTRODUCTION  

The formulation report (FAO, 1975, p.35) states "It is deemed most appropriate that 
this project .... includes a research component on the application of automated interpretation 
of satellite imagery to the problem of classification and monitoring of the tropical forest". 
It was therefore decided to carry out some computer analysis, which was undertaken by the 
project coordinator who had some experience in the subject. 

Initially some difficulty was enoountered in locating suitable computer facilities, 
but early in 1978 it was learnt that IBM were installing their Earth Resources Management 
system (ERKAN) in Rome, which was designed for the analysis of multispeotral data. 
Familiarisation and trial sessions were undertaken at intervals during 1978 while the system 
was undergoing testing and modification. Finally an investigation was undertaken during 
four half—day working sessions in November—December 19789  

To map a range of classes comparable to those appearing in the legends of the project's 
vegetation maps by computer processing over a large area requires lengthy and therefore 
costly preparatory analysis, for which neither time nor funds were available. Such 
analysis produces maps on which each pixel is classified, a pixel representing 0.45 ha on 
the ground. The results are therefore very detailed, the scale of the normal computer 
printout map being about 1:25 000. Such detail gives rise to a range of problems due to 
which computer processing is not necessarily a suitable approach for mapping numerous classes 
over very large areas as was done in the preparation of the project's vegetation maps. 

Monitoring change, however, is usually concerned with much smaller areas of the order 
of thousands or tens of thousands of hectares, where detail at large mapping scales is an 
advantage. Furthermore, monitoring conoerna making comparisons over time, for which the 
objectivity of an automated process is an inherently valuable factor. It was therefore 
decided to investigate the application of computer processing of Laxidsat data to monitoring 
change in the forest cover (also because relatively little work has been done on this), 
rather than to conduct an overall vegetation classification, which is a field where much 
work already exists. 

OBJECTIVE 

The objective was to distinguish closed high forest from any other adjacent class, 
whatever this might be, and to assess whether the accuracy with which this was achieved 
would be adequate for monitoring the extent and rates of change which could be expected. 

The data available for the study consisted of one computer compatible tape of a. scene 
in Cameroon. This was of good quality and cloud—free, but had not been obtained with this 
particular work in view. As pointed out in section 3.2 very few scenes of the project area 
were available at two dates and none of these were both of good quality and over tropical 
high forest. 
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Although the observation and measurement of change could not be demonstrated directly 
using a scene of only one date, if forest and non-forest could be mapped with good accuracy 
at one date then this could be repeated at a subsequent date. The number and location of 
the pixels in each class at each date would be automatically computed and represent the 
area of change and where it had occurred. 

In the strictest terms there are certain provisos to this. Data of the same area 
recorded at different dates is not necessarily constant, due to changes in such factors as 
sun angle and atmospheric conditions. For such spectrally distinct classes as forest and 
non-forest this is usually not siguificant unless terrain shadow is also an important 
factor. In the present case both the areas were level so that this complication was 
avoided. But any conclusions are only relevant to such a situation. 

3. MTH0D 

The scene used was no. 1473-08454  of 13 November 1973,  covering a part of south Cameroon 
with high forest in the south and savanna areas in the north (figure 1). The town of Batouri 
is located slightly north of the centre point. 

The investigation was carried out on two areas, one consisting of a zone of degraded 
forest in a matrix of moist semi-deciduous forest (area 1), the other of a massif of semi-
deciduous forest in a matrix of savanna (area 2). These were selected as representing 
typical cases where change could be expected to occur, in the first case by the expansion 
of cultivation and settlement in the zone of degraded forest following the line of a road, 
and by encroachment on a well defined forest massif surrounded by savanna in the second 
case. Area 1 (ca 3800 ha) is located around the village of Bamekok, 5 km north-east of 
Bimba. Area 2 (ca 4260 ha) is located on the left (eastern) bank of the Dikombi river 
some 10 km east of Garoua Sambé and about 20 km north of Batouri. Both areas are on the 
Batouri sheet (B-33-III) of the 1:200 000 series of Carneroon. 

The colour display of the digital data (figures 6 and 7)  showed that the degraded 
forest in area 1 and the forest in area 2 were spectrally both relatively uniform, whereas 
the surround was much more variable, To attempt to map all the classes present would 
therefore have been complicated and costly and., more relevant from a methodological stand-
point, difficult to assess in terms of accuracy at the pixel level. For purposes of 
monitoring change in the area of forest cover this is fortunately not necessary (although 
pOSBibly desirable to study development trends of the vegetation cover as a whole). All 
that is needed is to map the boundary of the two classes of interest - forest and non-
forest - accurately and it is this which makes monitoring particularly apt for treatment 
by computer processing of Landsat data. 

Although the area had been mapped at 1:1 million by the visual interpretation of 
Landsat images, in the absence of recent aerial photographic cover there was no possibility 
of making a direct assessment of the accuracy of the results, especially at the resolution 
of individual pixels. To obtain some indication of the validity of the results the data 
w classified both by an unsupervised and a supervised technique on the assumption that 
if the difference between the two sets of results was small the accuracy of classification 
was probably high. 
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PROCEDURE 

The two areas were viewed as a computer coded colour dieplay of bands 4, 5 and  7 with 
some prior histogram equalization to enhance contrast (see figure 6 and 7). Using all four 
bands, spectral signatures were obtained from clustering a number of small training fields 
of some 100 to 600 pixels each (Fleming et a]., 1975;  Baltaxe, 1977). The resultant 
cluster signatur.s were first used as input (i.e. as given cluster centres) to cluster the 
entire area. Figure 8 shows the resultant map for area 1 on the colour display, obtained 
by coding all the classes of degraded forest in one colour (red) and all the other classes 
(non—degraded forest, villages, etc.) in another (green). Figure 9 shows the result for 
area 2 obtained by the same procedure (forest green, non—forest red). This constituted 
the unsupervised classification. 

For the supervised procedure the ERMAN maximum likelihood classifier was used. 
Supervised procedures are normally carried out by determining a priori the classes into 
which the data is to be partitioned; selecting representative sample areas of each class; 
computing the mean raciance vector and the covariance matrix for the spectral bands being 
used from the samples in each class to constitute the spectral signature of the class; 
applying a mathematical criterion (in this case the Bayesian maximum likelihood function) 
for deciding to which spectral signature (and therefore class) each pixel radiance vector 
should be assigned. Because of the difficulties inherent in selecting satisfactory sample 
areas spectral signatures are frequently derived from an initial clustering of the area to 
be classified, as described above. Thus for area 2 all the cluster signatures from the 
preceding step were then used as input to the maximum likelihood classification procedure. 
The resulting classification was displayed as before and is shown in figure llb. 

For area 1 a slightly modified procedure was followed. Among the 29 cluster signatures 
obtained for this area, only those considered to be highly characteristic of degraded 
forest and non—degraded forest were used as input to the maximum likelihood classification. 
This would improve the probability of accurately classifying these two classes and while 
it might result in unclassified pixels this would not affect the significance of the results 
being sought. In fact only 126 out of a total of 8475  pixels were unclassified. The 
result is illustrated in figure lob. 

RESULTS 

For area 1 the clustering procedure classified 2117 pixels as degraded forest, whereas 
the maximwn likelihood procedure classified 2313  pixels in this class, a difference of 196 
pixels. 

For area 2 the corresponding results, for the forest class, were 3059 and 2843, a 
difference of 216 pixels. Thus the area of the classes of interest varied by about 7 to 
9% as a function of the classification procedure used. This would indicate an insufficient 
degree of classification accuracy for purposes of monitoring, since such differences in 
total area could represent significant changes. 

However, when the graphic displays of the two sets of results for each of the areas 
were superimposed (which was possible using the output on thin paper instead of on 
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Figure 6. 	35 mm photograph of colour display on television screen of portion of 
the digital data of scene 1478-0844(see  figure 1). Test area 1 is 
light area at bottom right (of. figure 8). Display shows range of 
forest, degraded forest, burnt and unburnt savanna formations. Each 
pixel is colour coded. Original scale approximately 1:380 000. 

Figure 7. As figure 6.Test area 2 is upper portion of blue area in centre (cf. 
figure 9). Note prominent striping of data. 
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Figure 8. 	Test area 1. Result of an unsupervised classification (clustering). 
Degraded forest in red. 

V 

Figure 9. 	Test area 2. Result of an unsupervised classification (clustering). 
Forest in green. Black pixels 'unclassified'. 
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photographic hard copy) it was readily seen that at any given location the difference in 
the results amounted to mostly one or two pixels for area 1, with up to four pixels at a 
few locations (figure 10) 9  and that for area 2 the difference consisted mostly of two or 
three pixels, with up to six at a few locations (figure We Thus at a given location the 
difference between the results of the two classifications ranged from half a heotare to 
about two and a half hectares. At the mapping scale of 1:50  000 used by the project f or 
monitoring (4.2)  one hectare is equal to 4  mm2 , which may be considered the smallemapping 
unit at this scale. Consequently the magnitude of the localieed differences between the 
two classification procedures were at about the limit of the differences between two dates 
which could be mapped at 1:50  000 and at a smaller scale, say 1:100 000, would cease to be 
significant. 

However, the agreement between the two classification procedures is not a direct 
measure of classification accuracy, but only an indication that valid spectral signatures 
were being used and that these were giving very similar results although being manipulated 
by quite different algorithms. In this respect the results may be considered highly positive. 

The data used was recorded in 1973 and had characteristically prominent banding whose 
influence on the results of the classification is clearly visible in the figures. By 
applying better radiometric correction to the data and eliminating the banding, procedures 
now routinely carried out on Landsat data produced by the EROS Data Centre (USA), the noise 
in the data would be considerably reduced and as a result even better consistency of 
classification could be expected. Closer correspondence between the results of the two 
classification procedures could probably also have been obtained by additional refinement 
of the signatures used, but this was not possible within the limited time and means available 
for this trial. 

6. CCLUSIONS 

In the absence of sufficiently detailed ground truth it is not possible to be 
categorical about the absolute accuracy with which the two classes of interest in the two 
test areas were classified. The indications are that the accuracy obtained would satisfy 
the requirements of monitoring and that it could also be improved. It is therefore 
considered that it would be possible to devise an operational system for monitoring change 
in tropical forest cover based on the periodic computer analysis of Landsat data on the 
lines demonstrated here. 

Such an operational system could, however, encounter certain problems. Among these is 
the availability of data at the intervals required. The availability of Lazidsat data for 

* 	the tropics has been a serious weaioiess of the system up to now and there is little 
prospect that this can be improved except through the establishment of ground receiving 
stations in the regions concerned. 

The comparability of data recorded at different dates depends on several factors and 
therefore poses a potential problem for monitoring applications. Variations in atiaospheric 
conditions, scene illumination, tree phenology, for example, cause different variations in 
the spectral reflectance of vegetation and soil, particularly when accompanied by variations 
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Figure ha. Test area 2. Final clister classification. 

Figure hib. Test area 2. Final maximum likelihood classification. 



in the slope and aspect of the terrain. But there are also techniques for overcoming these 
effects to a large extent. Correction for atmospheric haze is now a standard enhancement 
for data produced at the EROS Data Centre and differences in illumination and shadow effects 
can be significantly reduced by techniques such as the use of the ratio of the values in two 
spectral bands instead of the original value.. 

Such ratios can also be used as vegetation indices (Pucker, 1979) whose application 
would repay further investigation with particular reference to forest cover monitoring. 
The dimensionless ratio of spectral values can often be a more stable and characteristic 
index of a given vegetation class on the ground than the radiance vector composed of the 
original spectra]. values (Hieikema, 1980). It is therefore quite possible that a display 
of the appropriate ratio would provide a map of the classes of interest adequate for 
assessing change and so eliminate both the costs of classification and the distortions, 
however minor, which this inevitably introduces into the results. Such a procedure would 
also lend itself to a high degree of automation, an aspect of some interest when the amount 
of data involved in monitoring forest cover and other phenomena over a large part of the 
globe is considered. But even when the technical possibility of monitoring changes in 
tropical forest cover by computer processing of Landsat data has been fully demonstrated, 
its economic and practioal feasibility will depend on man1y different factors and must be 
assessed in the light of thise for any given situation. 
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M,pendix 3 

VEGETATICK MAP LDS 

BEHIN  - LEG(D 

ECO-.FLORISTIC ZONES AT LOW ALTITUDE (Generally below 500 in; to 600 in in the Atakora) 

I. 	Dry continental zone (1 000-1 400 mm, 4-5 dry months) 

8eai-d.ciduoue forest and decid.uous foreat, generally d.gr'aded (Antiaris africana, 
Chiorophora exoelsa, Cola app., Khaya senegal.nsis, Celtis app.) 
Woodland and woodland savanna (Anogsiaaus leiocarpus, Butyroepermum paradoxum, 
I6niellia oliveri, Isoberlinia doka. Parkia bigiobosa) 
Tree savanna and shrub savanna (Anogeis sue leiocarpu.s, Butyrospermuin paradoxuni, 
Danjei.lia oliveri, Isoberlinia d.oka, Parkia biglobosa) 
Tree and shrub savanna with high incidence of cultivation (derived from 2 and 3) 
Gallery forest (Diospyros mespiliforinia, Pious app., IChaya senegaleneja) 
Saxicolous tree and shrub Bavanna (Butyrospermum paradoxum, Combretuin app.) 
Woodland savanna, tree and shrub savanna seasonally inundated (rerminalia app., 
Acacia sieberiana, Mitrana inermis). 

II. Dry coastal zone (850-1  300 mm, 3-4 dry months) 

Semi-deciduous forest and deciduous forest, generally degraded (Mzelia africana, 
Chiorophora .xcelaa, Tripochiton soleroylon, Ceiba pentand.ra) 
Woodland savanna (Ceiba pentandre, Chiorophora exoelsa, Inie1lia oliveri) 
Tree savanna and shrub savanna (]niellia oliveri, Elaejs guineenais, Lophira 
lanoeolata) 
Mosaic of cultivation and bush fallow (Elaeia 	neensis) 
Mosaic of cultivation and bush fallow with predominantly forest species 
(Chlorophora exoelsa, Antiaria africana, Triplochiton scleroxy]on) 
Mosaic of cultivation and Bhrub savanna (Lophira lanceolata) 
Gallery forest (Cola cordifolia, Ceiba pentandra, Vitex doniana, Elaeia guineensis) 
Riverain formations: relics of semi-deciduous forest in the Mono and 0u6m4 river 
valleys (Triplochiton aclerozy-lon); seasonally inundated grassland with Mitravna 
mespiliformis 
Swamp formations: Raphia gigantea grassland; occasional mangroves on saline sites 
(Rhi zophora racemosa. Avicennia africana) 

179 Teak plantations (Tectona grandis) 
Oil palm plantations (Elaeie guineensis) 
Coconut palm plantations (Cocos nucif era) 

IlL, Very dry continental zone (800-1 000 mm, 6-7 dry months) 

Woodland savanna (Anogeissue leiocarpus, Combretuzn app.) 
Tree savanna and shrub savanna (Anogeisaus leiooarpus, Coinbretwn spp., Acacia 
app., Balanites ptiaca, Ziziphus mauritiana) 
Tree and shrub savanna with high incidence of cultivation (derived from 20 and 21) 



Gallery forest (Anogeissue leiocarpus, Khaya aenegalensis, Ficue app.) 
Saxicolous tree and shrub savanna (Mansonia digitata, Combretwn app.) 
Riverain formations of the Niger and Pendjari: seasonally inundated shrub savanna 
(Aacia sieberiana, Acacia seyal, Tainarindue indica, Balanites aegy'ptiaoa, 
Borsasus aethiopum) 
Areas without vegetation 
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ECO-FLORISTIC ZC*ES AT LOW ALTITUDE (Generally below 300 m) 

I. 	Dry continental zone (1 100 - 1 300 mu, 3-5 dry months). 

Semi-deciduous forest and deciduous forest (Khaya senegalensis, Anogeis.ua 
leiocarpus) 
Tree savanna (dominant), woodland savanna and shrub savanna (Deniellia oliveri, 
ButyroBpermum par.4oxum) 
Tree and shrub savanna with high incidence of cultivation (derived from 2). 
Riverain formations: woodland (Diospyros meapiliformis, Anogeiseus leiooarpu.e) 
palm grassland (Borassus aethiopum), seasonally inundated grassland.. 

II. Dry coastal zone (800 - 1 100 ma, 3-4 dry months) 

59 Degraded semi-deciduous forest (high incidence of cultivation) (Ceiba pentandra, 
Antiarie africana, Triplochiton ecleroxylon) 
Tree savanna (dominant), woodland savanna and shrub savanna (Buty'rospermum 
paradoxum, Lonchocarpus sericeus) 
Mosaic of cultivation and fallow derived from semi-deciduous forest 
Riverain formations: relics of semi-deciduous forest (Chiorophora excelsa, 
Albizzia app., Cola app.), seasonally inundated )(itrag.yna grassland, swamp 
grassland 

III. Very dry continental zone (900 - 1 100 ma, 5-6 dry months) 

Saxicolous shrub formations (Ano.geissua isiocarpus, Acacia app.) 
Tree and shrub savanna with high incidence of cultivation (Combr.tuin app., 
Tamarindus indica, Balanites aegyptiaca) 

Woodland. (protected) in a hyd.romorphic depression (grmina1ia macroptera., IChaya 
senegalensia) 

ECO-FLORISTIC ZCtFZ AT MEDIUM ALTITUDE (300 - 900 in) 

IV. Sub-humid zone at medium altitude (1 400 - 1 700 ma, 300 - 900 in) 

129 Mosaic of semi-deciduous forest (Antiaris a!rioana, Chiorophora excelea) and 
deciduous forest (Mzelia africana, Anogeissus leiocarpus), partly degraded. 

13. Medium altitude shrub savanna (Lophira verticellata, Piliostigma thonningii) 

V. 	Dry to sub-humid zone at medium altitude (1 200 - 1 500 nun, 300 - 800 m) 

Complex of woodland. (dominant) (Afzelia afrioana, Anogcissue leiocarpua, 
Isoberlin.ta 4), semi-deciduous forest (mainly galleries) Dialium guineense, 
Antiaris africana, Berlinia grandif].ora), medium altitude woodland savanna, tree 
savanna and shrub savanna (Monotea kerstingii, Isoberlinia doka, Uapaca somon) 
Tree and shrub savanna with high incidence of cultivation (derived from 14) 



CAMER0 - IZGD 

ECO-FLORISTIC ZCES AT LOW AND IDIUM ALTITUDE (Generally below 1 800 m) 

I. Very moist zone at low and medium altitude (Rainfall exceeding 2000 mm, 0-1 dry months) 

Moist evergreen forest (Cesa].pinaceae dominant). Trees less tall and )Lyriaticaceae 
more abundant at medium altitude ( -;-800 m) 
Moist evergreen forest periodically inundated (Mtrayna  app.) 
Swamp forest dominated by Raphia app. 

149  Degraded evergreen forest (derived. from 11) 
15. Tree savanna and shrub savanna 

II. Moist zone at low and medium altitude (1 500 - 2 000 mm, 0-1 dry months) 

Moist evergreen and semi-deciduous forest (transition forest) ($&illoneila 
toxisperma, Gilbertiodendron dswovrei). Also on some small mountmin areas 
at m.dia altitude (7 800 m) mostly to the north and east of Ebolowa. 
Moist evergreen forest periodically inundated (Guibourtia demeueii, Yylopia Bpp.,Ua*oa sp 
Moist evergreen swamp forest ($acarsrlga app., Raphia app., locally stands of 
Steroulia subviolacea) 
Swamp forest dominated by Raphia app. 
Degraded evergreen and semi-deciduous forest (derived from 21) (Musanga cecropioides) 

269  free savanna and shrub savanna (Terminalia glaucescens) 
27. Swamp grassland 

III. Sub-humid zone at low and medium altitude (1 500 - 2 000 mm, 1-2 dry months) 

319 Moist semi-deciduous forest (2riploohiton scieroxylon, Sterculia app., Cola app., 
Jiansonja altissima, Celtis app., Terminalia superba, Kha.ya app.) 

311. Complex of moist semi-deciduous forest (slopes and valleys) and grassland. (ridges) 
in the north-west; ridge grassland around. Bafia 
Moist evergreen swamp forest (Uapaoa guineensis, Raphia app.) 
Gallery forest (forest specie., Elaeis guineensis) 

34 Degraded semi-deciduous forest (derived from 31) (uaanga cecropioides) 
Woodland savanna (Burkea africana, Deniellia oliveri) generally with a dense 
network of gallery forest 
Tree savanna and shrub savanna (Permina].ia glaucescens, Lophira laziceolata, Annona 
aen.aiensis) generally with a dense network of gallery forest 
Grass savanna (imp erata.cylindrica, Pennisetum purpureum scattered Combr.tum app.) 
Mosaic of cultivation and tree and shrub savanna 
Mosaic of cultivation and grass savanna 

IV. Very moist coastal zone on saline sites (0 - 100 a, rainfall exceeding 2 500 mm, no 
dry months) 

Moist evergreen forest periodically inundated 
Jangrove (Avicennia nitida, Rhizophora app.) 



ECO-FLORISTIC ZCKES AT MEDIUM AND HIGH ALTITUDE 

V. Sub-humid zone at medium a].titwIe (800 - 1 800 in, 1 400 - 1 700 mm) 

Moist ssmi-deciduoum forest (Afzelia africana, Albizia. app., Chiorophora excelea) 
Gallery forest 
Degraded aemi-deciduoum forest (derived, from 51) 
Woodland. savanna (Burkea afrioana, Deniellia oliveri, Boramaus aethiopum) 

559 Ties savanna and shrub savanna (Deniellia oliveri, Lophira lanceolata) generally 
with a dense network of gallery foreSt; eaxicolous tree savanna on the frontier 
south-east of Meiganga 

56. Grassland 

VI. Montana zone (altitude above 1 800 in, rainfall exceeding 1 500 mm) 

Evergreen mountain forest (trees generally short; couosition variable according 
to localit:; Podocarnus milaniianus common) 
Mountain grassland 

Cultivation (in zones I, III, V, VI) 

Parts of zones I, II, III above 800 in. 



- 
CLA551171A 7/ON o'e Ia VECETA 7/ON: 

APPDIX4 

Sondapes f/orisi'iues 9i 

do cwmenA,I,o,, 

ZONE Ti(S SEC//f % 	j — - 	— 
CON 71Mr N TAt £ O 

-- I 
	

01.7 
4 

oa ' 
+ 

- 	04 0 45 
I 3 -. 01.2 	

04 	
0 

6o, 041 
+ 
3 

4 

NaIttnqou 
s 

•o 	/ 	I 037 
-, 

4 
4 
+-S 

+4w 

C 

 CP • 	
033 I 

34 

- 
4 * 	 - 	oft 

-J ,Parakou 	3 

I- 

\ 	/ 	IV 27 

101 da 6 
Zone deso',dges f/orshqoes 

0 \ 	U Pea/Isis par lepersormel bearnois 

4 (iJ% 
.,® 	

Q5O 
dii 9rojeE /Avr,/-Jui 17, .N' I 158) 

4 	 P 
+ 	\ 	017.: 

SOn djpjej 011e C tUOS C,? Ode S'1? 77- N5J(2 

0 /,itorinj/1045 recue,h'ies dsns Is ,,o//c. 
4 

+ 	 3 
8. 

eep/,aIive de Is c,rte do is 	d 

-F _f_ 
 

0 	S Nation.! de Is P,sJ/./FiF-Ac.AwLFornls 54 
+ 	1 

+ 
/ + 

4 
4 Jnfe,a/,ons ex/i.'/.s de /-Thvenls,re N 

/ 
* 	/ 	 4 torejlie, oft, Con/re 4'ord du B/Nrn,Fr.j.s'FAO) 

+ 	 47+ 
-I 	 4 

	

-4 	 4 	4 
15 	0 

	

qy4 	•Abomty 
OFrlS/ecrow3auf/5oc.000 des 

• 41,4 	_j7. 
+ 

FO'i,,5//ofl 	egI./es to zone /, I/o,ak. ki P 

4 

ZOA'( SECWE 08 	 10 

LITTORALE 
/ 

' 	- O*TO NOVO q00 	, 
- 	co1oIou Echo//c.- 14.500000 



aiiiiiiiiiiiiiim 1/mile des zones ece- u/oristi9ues 
C* 6.1554  

<ôOOm 	80018Go. 	>1600. 	. 
F 

TPES h,m'C. i 	V 	 Vt 	} 
Num ,de 

UI J 
Mi//eId* 54/Is IV 	 )' I 

SI 

(cheIIe— 1/5.000000 

F 	
( 

(Jn,edu LANIHi)LIN 	 —91 

CLASS/F/CAT/ON 
Of LA VtGETA7/ON 

* Sonddqe$ ('flec tiés pJ, /e f-'rojet 

la 	 4 	 1' 
Jnfoivnat,ons1 .Inventi/res CiPT  

t 	If 
+ 	+ 
4 	+ boEa"uqQes 

11tude,1ogéogrdie du Cme,oun 
F  /,IEroulEr) 

	

0' 	 I' 

	

0' 	 + 
F 

Zonerfeiude:fvo/Ql,on de/JVCL,dIaI ,on. 	 4 + 	harous 	a, 
4 	 4 
* 

0' 

Zone eAm/nie d /ude olejphotvj?r1phIe5 deI/7flt5. 

 

0+ 

m c,,  
a, 

a 
F 

a s 
a, 

4, 
Al 

4. 
4 

-a,  
F ;7 

F 
,N9.OUfldfE 	 F 

F 
I 

V 
F 

F 

'30 
F A 

ilk 

	

10' 	tarF Ot I 

	

4,0 	
III 

-I) W'SI4 
4. 

MMJ 	
IL  a, 

F 
Ar 

bon 

+ 
16,  

$dou,ni 
'a'  

19 	 Lx 
&. 	 * 

2 



- 92 - 



- 93 - 

APPEDIX 5 

TABLEAU 4.1 

8UPRFICIE DE FORMATIONS VEGEPALES HI' TYPES  
D' OCCUPATION W SOL CARTO(2APHINS 

AU B2UN 

Chase Formation km2  Observation. 

1.5.8.14.23 Fozit ssiui—d.êoidus it dêoidue 631,25 0,55 For*t ii la I&Z&  56,25 km2 
y inolus gaines fonestirea 2 Gains. Is ha Psn&ja.ri 112,50 km 
impontants.. 

2.9.20 For$rt claire at savane boisée 12 743,75 11,13 

3.10.21 Savane arbcnêe at arbuative 60 956,25 539 26 

6.24 Savan* arborse at arbuetivo 2 350,00 2,05 
saxiool a 

7.15.1 6.25 Savana boi.êe, arborêa ot 1 625,00 1,43 
arbustive, pfriod.iquement 
inondée. 	Fonitions nive- 
rains. at m.r6oag.uaes 

4.12.13.22 Savane oultivée 28 706,25 
11.18 Cu]tuns noun paLmisra it 6 475,00 

pa]iaeraiee 30,84 
17 T.okarais. 68,75 
19 Plantations is 0000tisr 118,75 

$01 flU (sans vegetation) 456,25 0940 
uz 32500 0,28 2 .a NokouC 187,5 1i; Lao Ahs.6 75 km 

Agglomatione importantes 68,75 0,06 Cortonou, Porte Novo 	Parakou, 
Xidah. 

Total 114 456,25 100,00 

Seuhes lea galeries foreetibree important.. ont &tC estm6ea at inoorporCes & ha 
fornmtion "Fort". La superfioi. total. (114 456,5 km ) correspond £ la sonene 
des surfaces estiaCso our la carte. 
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TABLEAU 4 - 1  
SUPERFICIE DES FORMATIONS VEG7IALES LV 7rPES D' OCCUPATION 

DU SOL ]XJ CAJ(ER(JN MERIDIONAL 
(au sud dii paralible 6030 1 ) 

timation de l.a superfioie des formations vgtales et de l'occupation du sol pour l.a paxtie 
m6ridionale du Cameroun cartographiêe. L'êvaluation a 6tf ralise ft l'aide d'une grille cle 
points align4s ft maille carre de 5 mm do c6t6 superpos4e ft l.a carte ft 1 1 6chefle 1:1 miflion 
&tablie par interpr&bation des images Landeat. 

Classe Formation - 	 - Superficie - Groupements 

-- 

Port dense humide eeinpervirente 54 075 16 988 

11 l  de basse altitude 	800 m) 49 550 15,46 
11 l  de moyenne altitude 	800-1800 m) 

~ ::-1800 
3 800 1,19 

61. montagnarde 	 m) 725 0,23 

____________________________  
Fort dense hwnide aempervirente et I semi—d6cidue. For$t dense humide 
eemi—doidue 120 3251 37955 

21.31. de basse altitude 117 775 36,76 
21.31 .51. de moyenne altitude 2 550 0 9 79 

Formations foreatibres Sdaphiques 1 8 600 2,68 

33.52 Galerie foreetibre (largerur,0 1cm) 1 450 0,45 
12,22 For$t dense p4riodiqueinent inonde 1 350 0,42 

41 • For$t dense littorale p*riodiquement 
inond.6e 225 1 	0,07 

23.32 For$t dense marcageuee 1 350 11 	0,42 
13.24 Raphiale 1 500 1 	007 

42. Mangrove 2 725 0 9 8 

14.25.34.53 Fort ddgrade 45 350 14,15 1 	45 350 14 9 15 

Formations mutes 68 5501 21,40 
311 • Complexe fort semi—doid.ue—prairies 375 0 9 12 

35.54. Savane bois6e 7 200 2 9 25 
15026.36.55. Savane arbore et arbustive 60 850 18,99 

Savane arbox4e saxicole 125 0,04 

Formations herbensea 3 425 1  1,07 

37. Savane herbeuse 2 450 0176 I 
311.56.62. Prairie 725 0 1 23 

27. Prairie maxIcageuse 250 0 9 08 

38.39 Mosa!que oultures-.savane 2 425 0 9 76 
Cuuiuie 16 600 5,18 19 025 5994 
ux (laos, fleuves) 950 0,30 

Agglomiratione (Douala, yaound.) 100 0,03 1 050 0,33 

T(YAL 320 400 1 100,00 320 400 100,00 
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SUFFEFICIES DES FORMATIONS VALES ThJ T000 

Formations v6g*tales 
(voir lgende d.c la carte, Annex. 2) 

Superficie 

1 	For$t eemi—d.cid.ue at d6cid.ue 243, 75 0 9 428 
12 	For%t suii-doidue St dêoi&ue 2 631 9 25 49627 

5 	Font dad6s 2 450,00 4008 

11 	For$t claire 12950  0,022 
14 	For$t claire st eavanse 4 418,75 7,768 

2 	Savane arbore (pninoipalseent) 15 28700 26 9 877 
6 	Savane arbore (pninoipalseent) 2 887 9 50, 5,076 

9 	Formations arbustiv.e 231,25 01406 
13 	Savane arbustive 1 268,75 29230 

4 	Formations riveraines 550,00 0 9 967 
8 	Formations riverainee 500,00 0,879 

3 	Savane cultiv6e 19 643,75 34,535 
7 	Culturse it jsohbrea 2 99305 5 9 263 

10 	Savane Oultivé. 3 356925 5,900 
15 	Savane oultivé. 350,00 0,615 

I*c Togo 56 9 25 0,099 

56 881,25 100 

;./ 
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IMAGES LANDSAT INTERPRET/ES 
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Appendix 7 

DILGRAJQ(LTIC REFUSERTATIOU OF MHOD FOR DINITIC OF CO-FLORISTIC ZON1 

1.  l Assembly of data r.levant to the spatial 
distribution of the main ecological factors. 

egetationmsppin 	2. Determination of the major natural vegetation 

	

taud development oft 	] class.s present and the associated values 
he map legends j( 	-t of the main eoologicai. factors. 

 -4 
I 	 3. Preparation of transparent working maps of spatial 

distribution of main ecological factors, at the scale 
I 	I 	 of the tandat images used for interpretation. 

II 	 1? 
4, 

 

10verl&y of ecological factor maps on Landsat 
images  or draft vegetation map 

I 	I 

I 	I 
hatching 

I 	 of isolines for ecological 
factors with vegetation class 

I 	I 	 boundaries 

I 	I 

Good 

I 	I 
1 	5. 

 

[Preparation of preliminary map of eco-florietic zones 
ased  on 4. 

I 	69  1Proeesive refinement of definition and delimitation 

	

- 	- 	of eco-.florietic zones based on refinement of 
I- - - - - 3j vegetation mapping, studies of floristic cooeition 

I and possibly additional ecological observations. 

Poor 
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