Mapping of Vegetation, Land Cover,
and Land Use by Satellite —
Experience and Conclusions for Future

Since the launch of the first
civilian remote sensing satel-
lite LANDSAT in 1972, sat-
ellite remote sensing has
become a useful tool for
mapping, monitoring and en-
vironmental studies at local,
regional, and global levels.
In 1986, the first SPOT satel-
lite heralded a new era of
high-resolution optical re-
mote sensing from space;
and from the more recent ra-
dar-equipped ERS-1 satellite,
supplementary data can be
collected regardless of cloud
conditions and day-light.
Since 1987, the Swedish
Space Corporation and its
subsidiary SSC Satellitbild,
referred to jointly as SSC be-
low, have conducted several
large operational projects on
the interpretation and map-
ping of vegetation, land
cover and land use (com-
monly called land cover in
the following) in Southeast
Asia and southern Africa.
Projects have been carried
out in the Philippines, Ma-
laysia, Indonesia, Thailand,
Malawi, and Namibia, and
they have required close co-
operation with the clients in
these countries, including
training both on-the-job and
in SSC's facilities in Kiruna.
This article describes the
execution and results of two
representative projects and
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provides experience on and
conclusions drawn from the
performance of these and
other projects. The projects
are “Mapping of the Natural
Conditions of the Philip-
pines” executed in 1987-88,
and “Forest Resources Map-
ping and Biomass Assess-
ment for Malawi” performed
in 1992-93.

In both these cases, the
World Bank played a signifi-
cant role. In the Philippine
project, the Bank was the
client; the Swedish govern-
ment the financing agency
(through BITS); and the Phil-
ippine National Mapping
and Resource Information
Authority, NAMRIA, the co-
operating agency. The Mala-
wian project was financed by
the World Bank with the
Malawian Department of
Forestry in the Ministry of
Forestry and Natural Re-
sources as the client and co-
operating agency.

The Philippine project
marked a major break-
through in the field of re-
mote sensing, being the first
project of its kind in the
world with practical appli-
cation on a large country-
wide scale. In the Malawian
project, the assessment of
biomass volume on district
level was added to the
“conventional” land

cover mapping.

The objective of the
Philippine project was to
satisfy the World Bank’s
need for up-to-date informa-
tion on the land cover of the
entire Philippines (300,000
sq.km) for their Forestry,
Fisheries and Agricultural
Resources Management
(FFARM) study of the coun-
try. The aim was to acquire
land cover statistics by re-
gion (12 nos.) and province
(74 nos.) for eleven land use
classes and two sea classes
(siltation patterns and coral
reefs). The contract was
signed in July 1987 — com-
pletion time was March
1988. In order to fulfill this
requirement, SSC com-
menced the project in April
1987.

Only multispectral
SPOT imagery was used, the
main reason for this being
SSC's direct access via Spo-
timage to the programming
and operation of the SPOT
system. The tight time
schedule made no other sat-
ellite system competitive in
providing sufficiently cloud-
free imagery at the required
pace.

At the beginning of the
project, very few acceptable
SPOT scenes were at hand in
the SPOT archives. Within
the stipulated time frame,

about 190 such scenes cover-
ing the entire Philippines
were acquired, processed,
and prepared in digital and
analogue format for applica-
tion in the project. Using ex-
isting topographic maps, the
scenes were precision cor-
rected (geocoded) to the co-
ordinate system of the
country and then produced
as color transparencies on a
scale of 1:100,000 for visual
interpretation.

Execution of the Philip-
pine project based on SPOT
data is demonstrated, in
principle, by the Activity




25 percent

forest cover.

Flow Chart for the Malawian
project (based on Landsat
imagery), which follows later
in this article.

Air and ground field
work was undertaken to
“calibrate” image features
with ground features. For
about two months, from mid-
April to mid-June 1987,
nineteen slow-speed air re-
connaissances and seven
ground surveys were per-
formed. The field work was
documented by a vast num-
ber of field reports and pho-
tographs from the air and on
the ground.

Some outside reviewers
have argued that the extent
of field work was somewhat
limited, bearing in mind the
large land area of the project.
Reference is merely made to
the above-mentioned tight
time schedule and to the fact
that the rainy season in the
Philippines, which permits
no efficient field work by air
or on the ground, lasted from
June to November-December
1987. Consequently, optimal
use was made of time.

A draft classification
legend was established at the
beginning of the field work.
It was refined regularly in
pace with the increasing
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“calibration” experience,
and was finally established
at the completion of the field
work. The initial eleven land
cover classes were increased
to twenty-two, divided into
five main categories, and
formed a hierarchic legend
structure permitting the clas-
sification of the entire land
area. This legend appears at
the bottom of the resulting
land cover maps, and an ex-
tract/portion/part/section of
one of these maps is shown
in Figure 1.

Twenty-one interpreters
from NAMRIA and SSC per-
formed the classification by
visual interpretation on
light-tables. Manuscripts
were made on transparent
plastic film overlaying the
transparent satellite imagery.
The initial crucial interpreta-
tion was made in the Philip-
pines and the rest in
Sweden. The smallest map-
ping unit was 100 hectares.

The manuscripts were
reduced photographically
from scale 1:100,000 to
1:250,000, the latter being
the scale of presentation pre-
scribed by the World Bank.
After mosaicking, the manu-
scripts were scanned and
vectorized into a vector-
based GIS in which the lay-
out of the final maps was
created. The vectorized map
data was transferred to a ras-
ter-based system for final
plotting of printing originals.
Forty-three land cover maps,
covering the entire Philip-
pines, were printed in black
and white, a reduced sample
of which is shown in Figure
1. A generalized color map
on a scale of 1:2,000,000 was
also compiled, presenting
the country on one map-
sheet and summarizing the
area statistics per region and

for the whole country. Figure
2 presents this map in a fur-
ther generalized and black-
and-white form, reduced to a
scale of 1:8,000,000.

In the above-mentioned
GIS, land cover statistics for
the entire country were com-
puted automatically by re-
gion and province for each
of the twenty-two land cover
classes. These statistics are
contained in the project re-
port.

The interpretation re-
sults showed that 25 percent
of the vegetated land area of
the Philippines was forest,
41 percent extensive land
use, and 34 percent intensive
land use. These three main
categories constituted 98
percent of the project area.
The 25 percent for forest im-
plied an alarming reduction
of forest cover, from 40 per-
cent just fifteen years earlier
— a loss of one percent, or
300,000 hectares yearly dur-
ing this period.

The results of the for-
estry part of the project
agreed well with another
simultaneous forest study
over selected areas of the
Philippines. This other
study, “Philippine-German
Forest Resource Inventory
Project,” the results of which
were “extrapolated” to cover
the whole country and
thereby permit comparison
with the SSC project, was
based on more detailed
ground surveys and studies
of older aerial photos and
Landsat imagery, rather than
the SPOT data used by SSC.

Forest classes were not
entirely the same in the two
studies, since in each case
they were defined for spe-
cific purposes including op-
timal interpretation of the
imagery from which they

were studied. Nevertheless,
their figures concurred suffi-
ciently well on a regional ba-
sis to fully support the
conclusions made regarding
the alarming reduction in the
forest cover.

An immediate result of
the SSC-NAMRIA project,
and probably also a conse-
quence of the conclusions
and results of other studies
and information, was the al-
most total ban on logging in
the entire Philippines im-
posed by President Aquino
and the Philipppine govern-
ment. Obviously, this and
other projects, and the ban
based on their results,
played an important role in
the efforts to halt the fast
denudation of forest re-
sources. Even if these efforts
have not been successful
enough to actually halt the
denudation, it is regrettable
that some outside reviewers
of the forestry situation in
the Philippines advocate that
remote sensing projects in
the country have been a fail-
ure and have not led to im-
proved forest management,
and that the results of the
projects have been ignored
by the Philippine govern-
ment. It is also regrettable
that these reviewers do not
seem to distinguish between
research and project work.

On the other hand, it is
encouraging for those work-
ing within the field of re-
mote sensing that the World
Bank, the client for the Phil-
ippine project, recognizes its
merits. The 1992 Bank re-
port, “Natural Resource and
Environmental Information
for Decisionmaking” con-
cludes that “The project was
remarkable because it clearly
demonstrated that under cer-
tain circumstances national
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Figure 1. Philippines Land Cover Map.

land resource inventories
could be completed in a
short time at extremely low
cost.... This work could not
have been completed in this
time frame or at this cost
with any other technology.”
It is also highly positive
that NAMRIA has success-
fully applied the digital and
analogue satellite data deliv-
ered from the project in over
80 government projects as
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well as many non-govern-
ment projects.

Malawi is experiencing
deforestation as forest prod-
ucts are being used for fuel-
wood or areas are being
converted for agricultural
uses. The aim of the project
was to assess the extent and
condition of Malawi's forest
TEesSoUrces On a reconnais-
sance level, as well as land
use changes that had oc-

curred from 1972-73 to 1990-
91. The Activity Flow Chart
is shown in Figure 3.

The land area of Malawi,
is approximately 100,000
sq.km. in size. The area was
mapped by visual interpreta-
tion in the same way as in
the Philippine project, but
the satellite data originated
from the Landsat TM and
MSS sensors instead of from
SPOT. The TM data (pixel

size 30 x 30 metres), from
which the “existing situa-
tion” was interpreted, was
from 1990-91, and the MSS
data (80 x 80 metres) from
1972-73. Twelve TM scenes
and eleven MSS scenes were
utilized to cover Malawi, re-
spectively. In a forest change
detection study, a compari-
son was made between the
mapping performed from the
two Landsat data sets. Fi-
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nally, the Biomass Assess-
ment emphasized forestry
and was based on the results
of the interpretation of the
Landsat TM data of 1990-91.

Precision-corrected
Landsat TM and MSS scenes
were mosaicked and sec-
tioned digitally into ten
transparent Satellite Image
Maps (SIMs) on a scale of
1:150,000 from each set of
data, both covering the area
of Malawi, These tranparen-
cies, which were used for
the interpretation, had the
same geographic coverage as
the corresponding ten sheets
of the existing topographic
maps on a scale of 1:250,000.
SIMs were also made to this
scale on photographic paper.

Field work for the land
cover mapping and biomass
measurements was carried
out in Malawi from late May
to mid-October 1992, Nine
field reconnaissances were
made by vehicle, visiting al-
most every land cover class
of Malawi, and three recon-
naissance flights covered the
country from north to south.
Field measurements for the
Biomass Assessment were
made by three biomass teams
in parallel with the land
cover reconnaissances.

The visual interpretation
of the Landsat TM data was
carried out at the Depart-
ment of Forestry in Lilongwe
by a joint team of Depart-
ment and SSC staff. The re-
sults were presented
gradually to the biomass
team.

In the same way as in
the Philippine project, the
legend was developed after
an iterative process in pace
with experience gained from
the field work. The legend is
shown in Figure 4 and on
the resulting Land Cover
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Maps. In all, 25 land cover
classes were interpreted. The
smallest mapping unit was
100 hectares.

The interpretation man-
uscripts were digitized into a
vector-based GIS and then
transferred to a raster-based
system for final plotting of
originals for printing in
colors. A summary land
cover map was also prepared
in colors, on a scale of
1:1,000,000. All maps were
printed in Sweden.

The area of each land
cover class was computed
automatically in the GIS.
The statistics were presented
for the three regions of Ma-
lawi and for the 24 districts

. PHILIPPINES

LAND USE MAP

Figure 2. Land Use Map, Philippines.

making up these regions.
The results for the “existing
situation” (Landsat TM from
1990-91) showed that forest
areas made up about 28 per-
cent of the land area; exten-
sive agriculture in forest area
about 25 percent; and arable
land in the main class, in-
tensive agriculture, 29 per-
cent.

With reference to the
low resolution of the MSS
data (80 x 80 m pixels), it
was concluded that some
classes, mainly agricultural,
could not be subject to the
same criteria when interpret-
ing the MSS imagery as
those used for the TM data.
Since the emphasis of the

change study was on for-
estry, however, we judged
that this short-fall was insig-
nificant.

With the GIS, ten forest
change maps were plotted in
a raster-based system on
transparent film as overlays,
with the same coverage and
scale (1:250,000) as the
corresponding land cover
maps.

The area computation in
the GIS showed that the ex-
tent of Brachystegia forests
had declined drastically. In
1972-73 these forests occu-
pied 45 percent of the total
land area of Malawi while in
1990-91 the figure was 25
percent, implying that be-
tween 1972-73 and 1990-91
the area occupied by these
forests declined by 44 per-
cent.

One overall conclusion
that can be drawn from the
results is that the higher res-
olution of Landsat TM data
proved its definite superior-
ity over MSS data for land
cover interpretation. If the
project only had access to
MSS data, considerably less
information would have
been extracted from the
interpretation than was in
fact the case.

The Biomass Assessment
part of the project aimed at
describing the major land
cover classes in terms of
wood biomass. The estima-
tion was made from mea-
surements on sample plots,
laid out systematically in
cluster arrangements in five
selected land cover classes
which contained considera-
ble volumes of natural forest.

Each cluster was made
up of twelve sample plots.
On each plot, a sample tree
was selected, and the tree
and stem heights were mea-
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Activity Flow Chart

Acquisition of Landsat TM and MSS Data
Collection of Maps and Documents

Geometric Correction of Satellite Data

Enhancement of Contrast and Colour Balance

Production of Computer Compatible
Tapes (CCTs) of TM Scenes

Digital Mosaicking of Satellite Scenes into
Satellite Image Maps (SIMs)

Acquisition of Biomass Field
Measurement Equipment

Production of Quarter Inch Casettes (Q1Cs) of TM SIMs
Production of Photographic Copies of TM and MSS SIMs,
scales 1:150 000 (for interpretation) and 1:250 000 (for presentation)

Study of Background Material

Ground Field Work

Draft Interpretation of TN SIMs, scale 1:150 000

Design of Interpretation Legend

Further Ground Field Work, scale 1:150 000
Reconnaissance Flights
Definition of Final Interpretation Legend

Final Interpretation of TM SIMs

Forest Change Interpretation of MSS SIMs, scale 1:150 000

Digitizing of Interpretation Manuscripts into a

Geographic Information System (GIS)

Design of Biomass
Field Measurements

Biomass Field Measurements

Computer Processing of
Biomass Statistics

Area C

Digital Cartography

Total Biomass Volume
Calculations

Plotting of Printing Originals for Land Cover Maps, scale 1:250 000,
and for Overview Land Cover Map, scale 1:1 (00 000

Plotting of Forest Change Map, scale 1:250 0040,

and of Biomass Map, scale 1:1 000 000

Printing of Land Cover Maps

Final Report

Figure 3. Forest Resource Mapping and Biomass Assessment for

Malawi.

sured and recorded. On one
sample plot per cluster, the
sample tree was felled for
measurement of the tree vol-
ume. Based on the data from
the trees felled, a regression
analysis was performed to
express the tree volume as a
function of diameter and
height.

The estimate of volume
per hectare by land cover
class and region gave a fig-
ure for Brachystegia forest in
hilly areas varying from 123
cubic metres per hectare in
the Northern and Central Re-
gions to 81 cubic metres per
hectare in the Southern Re-
gion. In flat areas the figures
for this forest class were
about 20 percent lower. The
estimated total biomass in
natural forest in Malawi in
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1990-91 was about 460 mil-
lion cubic metres of which
some 47 percent fell in the
Northern Region, 31 percent
in the Central Region, and 22
percent in the Southern Re-
gion.

The regional variations
in biomass volume per hec-
tare and land cover class
were shown on a transparent
Biomass Map on a scale of
1:1,000,000. Estimates were
made of the standard devia-
tion and the standard error
for each land cover class by
region. The relative variation
differed significantly be-
tween land cover classes,
The most homogeneous land
cover class was Brachystegia
forest in hilly areas where
the relative variation was
low in all three regions

(about 40 percent), and the
error comparatively low.

It was concluded from
the Biomass Assessment that
the five selected land cover
classes had a fairly unique
distribution of species and
that, consequently, they had
been adequately interpreted
and delineated in the land
COVer maps.

Differences in results be-
tween projects or studies
may depend on their respec-
tive levels of generalization.
A detailed and costly survey
performed over many years
and based on a great number
of data will, for many rea-

LEGEND STRUCTURE

sons, have a high degree of
accuracy. On the other hand,
it will by nature also contain
uncertainties in comparison
with a project for which re-
cent data is used. The bal-
ance between these two
aspects, and differences in
costs and degree of accuracy,
must be considered by
clients when drawing up
terms of reference for proj-
ects with long and short exe-
cution times. In comparison
with aerial photographs, sat-
ellite data offers the decisive
advantage for many projects
of comprising recent data in
both analogue and digital

(mapping units representing delineated areas are marked with squares; minimum delineated ares i

100 hestares, spproximatively 7 x 7 mm at & scale of 1:150 000)

Level 1 Level 2 Level 3
Forest F Evergreen E
(less than 20%
open land) Brachystegia Fh Brachystegia in
hilly area
rachystegia in
flat area
Plantation Fp Eucalyptus
Gmelina
Pine
Rubber
Tung
Logged ]
Open natural o] Grass [Og]
vegetation Dambo (Od]
(often cultivated)
Savanna
Extensive E Agriculture in @
agriculture \ forest area
(20 - 0% Agriculture in [Eg)
cultivated land) mainly grass
area
Intensive IT‘Anble E
agriculture Plantati Ip Coffee/Tea/Macad
(more than T0% Sugar
cultivated Jand) ‘obacco/Maize
Luecena
Rice scheme IEI
Marshy area E
or swamp
(often pantly
cultivated)
Nonvegetated N Bare rock ]
land T River bed
or beach
Built-up area

Water surface E

Figure 4. Malawian Legand Structure.




This work
could not
have been
completed in
this time

frame or at
this cost
with any
other
technology.

form at a low cost, and of
permitting further processing
of the digital data by the
client. On the other hand,
aerial photos may have
higher degree of interpreta-
bility and can be used on
larger scales than satellite
data. Therefore, these two
types of information should
be regarded as supplement-
ing, rather than conflicting
with each other.

In order to make opti-
mum use of a certain type of
specified information within
a project, such as SPOT or
Landsat, definitions of land
cover classes may differ from
those used in earlier studies,
thereby seemingly giving dif-
ferences in results. This di-
vergence in definitions
should be borne in mind
when comparing results be-
tween surveys in which the
names of classes resemble
each other. In fact, the use-
fulness of the results of dif-
ferent projects can be
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increased considerably in
many cases if, in a construc-
tive way, the results are re-
garded as supplementing
each other rather than, in a
negative academic way, as
opposing each other,

As is gradually becom-
ing more recognized, the cost
of satellite data is low per
unit area covered. Further-
more, the cost of the data is
often a comparatively low
component of the overall
cost of projects involving
many other ingredients — in
some cases, even a marginal
cost. It is, therefore, strongly
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recommended that a project
should not contain only one
set of satellite data, such as
SPOT or Landsat, but both,
or even more sets whenever
possible. This “generous
supply of input” will pro-
vide many advantages, not
only during the interpreta-
tion stage of the project, but
also during the client’s fu-
ture use when refining or ex-
tending the project work or
making use of the data for
other projects. Different sets
of data can offer higher geo-
metric resolution which in-
fluences the interpreta tion
scale (SPOT vs. Land-sat);
more spectral bands facilitat-

Figure 5. President Corazon Aquino

ing the distiction between
certain vegetation types
(Landsat vs. SPOT); the cov-
erage of different seasons
(leaves on vs. defoliation),
etc. On the other hand, a
crucial aspect may be that
one set of data is much more
readily available than others,
such as SPOT in the case of
the Philippine project.

The difficulty of acquir-
ing cloud-free data in certain
regions should be recognized
at an early stage of the proj-
ect, Where distinct cloud-
free seasons are regular, the
time schedule for the project

must take such seasons into
consideration. On the other
hand, the aim of mapping
the vegetation may not focus
on the situation during these
seasons (due to defoliation,
etc.), and in such cases, as
well as in regions without
cloud-free seasons, project
time schedules should make
due provision for the time
required to receive cloud-
free imagery.

A project on interpreta-
tion and mapping of land
cover cannot be executed as
a desk study without per-
forming an essential part of
the work in the project coun-
try. Cooperation between lo-
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cal expertise and
interpretation specialists is
required to permit the opti-
mum “calibration” between
the image and the actual
countryside discussed earlier
in this article. Such coopera-
tion, taking the form of on-
the-job training in many
cases, also provides the nec-
essary technology transfer for
a smooth transition to the
post-project situation. Fur-
thermore, collegial in-coun-
try cooperation ensures
efficient use of existing in-
formation contained in
maps, aerial photos, litera-
ture, etc.

It is recommended that
interpretation be made from
Satellite Image Maps (SIMs)
rather than from precision-
corrected satellite scenes.
SIMs are made from scene
data by digital mosaicking
and sectioning into map-
sheets on the same scale and
with the same geographic
coverage as existing topo-
graphic maps of the area.
This gives the interpreter
considerably better familiar-
ity and more efficient and
economical use of the im-
agery than if satellite scenes
were to be used. It is recog-
nized that SIMs are some-
what more costly than
satellite scenes.

For projects incorporat-
ing the land cover mapping
of large areas or regions for
the first time, visual (man-
ual) interpretation is supe-
rior to digital classification
in many aspects. It is a sim-
ple method from the practi-
cal point of view, including
training, and requires no so-
phisticated equipment for
the crucial element of manu-
script preparation. It is also
much more “clever” and
gives more diversity and bet-
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ter results than digital classi-

fication which cannot
compete with the human
brain during first time inter-
pretation. A descriptive ex-
ample is the many stages
(signals/colors in the im-
agery) of a rice area (wet,
partly or fully covered by
green matter, moist, dry,
newly harvested, barren,
etc.) which presents no diffi-
culty during visual inter-
preation but which has to be
calibrated extensively for
digital classification. Finally,
visual interpretation is far
less costly,

Project planning should
start from the assumption
that no work in the host
country should be com-
menced until a substantial

portion of the imagery to be
interpreted, such as SIMs, is
at site. Time and effort have
been wasted in past projects
when this assumption is ig-
nored.
The establishment and

common use of an interpre-

tation legend, and of a useful
key to the application of this
legend, is the most important
activity of a project. Failure
to accept this fact and to act
accordingly, will result in
confusion, conflicts, delay,
and project failure. Rushing
into the field for ground tru-
thing in an unplanned way
must be avoided. Instead, by
adopting the iterative inter-
pretation/field work process
described earlier for the
Philippine and Malawian
projects, efforts, conflicts
and costs will be minimized.
The future use of land
cover maps resulting from an
interpretation project should
determine the “degree of so-
phistication” of the cartogra-
phy of these maps. It may

not be necessary in all proj-
ects to produce maps to the
highest cartographic map-
ping standard plotted from a
raster-based system. Instead,
it could sometimes even be
sufficient merely to copy the
interpretation manuscripts.
In other cases, it could be
enough to go “half-way” by
plotting maps from the GIS
into which the manuscripts
have been scanned and/or
digitized and in which the
input data has been edited.

Finally, a project always
takes longer time to execute
than is planned.

Hans Rasch is Head of
Section for Projects Execu-
tion, SSC Satellitbild,
P.O.Box 816, 981 28 Kiruna,
Sweden.
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