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The project provided the geographic distribution of forest 
resources and a measurement of land areas occupied by 
major forest-related land-cover types. 

INTRODUCTION 1976, D N R  undertook the task o f  identifying 

T H E  U T I L I Z A T I O N  o f  the forest resources o f  trends in land-cover changes caused by the 
the Republic o f  the Philippines has in- increased utilization o f  the nation's forests. 

creased substantially over the past ten years. This task was the first phase o f  a national 
Harvesting o f  these forests under conces- forest inventory program that will update the 
sions granted by  the government has accel- last intensive nationwide inventory taken in 

ABSTRACT: A nationwide forest land-cover assessment was per- 
formed for the Republic of the Philippines using Landsat digital 
data and aircraft photography. This forest cover assessment was the 
first phase of a national forest inventory program that will update 
the last intensive nationwide inventory conducted in the mid-1960's. 
The objective was to perform a rough estimate of the country's total 
forest resources and to identify the areas that have undergone the 
greatest amount of forest to non-forest land-cover change. Landsat 
multispectral scanner data for thirty 185 by 185 k m  scenes were 
classified into five forest related land-cover classes. Results were 
comprised of thirty 1:500,000 scale thematic overviews of the coun- 
try showing the location of the five major forest-associated land- 
cover types, and of area measurements for each type for each major 
political subdivision and for the entire country. 

erated since the mid-1960's. Shifting culti- 
vation as well as other activities o f  man are 
also claiming portions o f  the forest land and 
hampering reforestation o f  harvested areas. 
The  Department o f  Natural Resources ( D N R )  

o f  the Republic o f  the Philippines is respon- 
sible for monitoring these forest lands. In 
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the mid-1960's. D N R ' S  objectives for this first 
phase were to (1 )  perform a rough estimate o f  
the country's total forest resources and (2 )  
identify the areas that have undergone the 
greatest amount o f  forest to non-forest land- 
cover change since the mid-1960's. 

DNR was required to perform this forest 
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land assessment task within six months. In 
search of new tools to help assess the na- 
tion's forest resources, DNR identified Land- 
sat technology, coupled with limited aerial 
reconnaissance, as a potentially cost- 
effective way to classify the major forest- 
associated land-cover categories. 

The Republic of the Philippines is located ROW 

in the  tropics between 5"N and 20°N NUMBERS 

latitude. The country covers approximately 
300,000 square kilometres, and is composed 
of over 7000 islands of extremely varied to- 
pography. Dipterocarp forests (Philippine 
mahoganies) cover the interior of many is- 
lands. The  thousands of kilometres of 
shoreline sustain dense mangrove stands. 

4 

Inland lowlands are often characterized by 
extensive wetlands and tropical swamps. 

The country's variability in weather and 
climate parallels the diversity of the land 
cover. Characteristic weather conditions in- 
clude high temperature, high humidity, per- 
sistent cloud cover, and tropical rainfall. All IANDSAT PATH NUMBERS 

of these factors pose problems for any land- FIG. 1. Landsat coverage of the Philippine Is- 
cover identification effort, particularly any lands. 
effort that utilizes satellite and aircraft re- 
mote sensing. 

DNR developed an approach in coopera- most recent data available with workable 
tion with the ceneral ~l~~~~~~ company cloud cover. Limited data were available for 
space ~~~~~i~~ to test the utility of ~~~d~~~ 1974-1976 because Landsat 1 had limited re- 
data in stratifying the land areas of the cording capabilities during that period and 
philippines into five forest-associated land dense cloud cover often coincided with 
cover classes. ~h~~~ classes were full and Landsat overpasses. Sun angle, cloud cover, 

partial canopy dipterocarps, mangrove, high the satellite, and the time between the first 
elevation forests, and non-forest wetlands. and last image of the series all introduced 
~ i ~ i ~ ~ l  multispectral scanner data for thirty variation into the digital analysis. To account 
~~~d~~~ scenes were processed to yield re- for these variations, the digital analysis of 
suits that provided (1) 1:500,000 scale the- each scene had to be considered separately. 
matic overviews of the country showing A full description of the Landsat digital 
major forest-associated land-cover categories analysis techniques used in this project is 
and (2) quantitative estimates of the area oc- presented later in this 

cupied by each category. The results were Prior to the digital Landsat analysis, a 
compared with the last forest inventory, and "lor photographic of the 
conclusions were presented to government of the Philippines was constructed 
officials to demonstrate how the forest- to Serve as an index and ready reference 
associated land-cover had changed over the during analysis. Photographic color corn- 

past ten years. posites of each scene (MSS bands 4,5, and 7) 
were produced and pieced into a precision 

METHODOLOGY mosaic by the General Electric Photographic 
Engineering Laboratory in Beltsville, 

LANDSAT DATA Maryland. The mosaic was not only a valu- 
The land area of the Philippine Islands is able reference during the entire study, but 

covered by approximately thirty ~~~d~~~ also a popular visual within the Philippine 
scenes. Figure 1 illustrates the distribution government. 

of Landsat frames over an outline of the 
major islands. These Landsat scenes were SUPPLEMENTARY DATA 

acquired by Landsats 1 and 2 between Oc- In order to accurately interpret or classify 
tober 1972 and April 1976. The majority of Landsat data, knowledge of the geographic 
the images came from late 1972 to early area being analyzed is imperative. Detailed 
1973. The data selected represented the information about an area, such as its topo- 
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graphic and vegetative composition, pro- 
vides an interpreter with the references 
needed to make intelligent land-cover clas- 
sification decisions. To support this Landsat 
survey of the Philippines, a land and aerial 
"ground truth" mission was conducted by 
DNR and GE personnel. The objectives of the 
ground truth mission were to 

Familiarize the analysts with the variations 
in forest-associated land-cover types 
within the major ecozones and political re- 
gions of the Philippines, 
Collect a documented photographic record 
of land-cover types within representative 
test areas to be used for reference in the 
Landsat digital classification analysis, and 
Compile existing DNR maps (1:50,000 
scale) and aerial photography (1:15,000 
scale) of major areas of interest. 

DNR personnel partitioned the country 
into five major timber producing regions that 
corresponded to the major islands or groups 
of islands. Three to six ground truth test sites 
were then selected within each of these 
major regions. The number and size of the 
sites selected depended on the size of the 
region and the vegetative cover complexity 
within the region. Flight lines for low-level 
reconnaissance by l ight  aircraft were  
planned for each of these test sites. During 
the flights DNR and GE personnel compiled 
observations of forest types, density, crown 
closure characteristics, species, volume es- 
timates, topographic features, and other 
forest-related observables. Observations 
were also made over non-forest areas.  
Thirty-five millimetre slides were taken 
from the aircraft with hand-held cameras in 
order to document each of the test sites. Sev- 
eral sites that were easily accessible were 
also visited on the ground in order to obtain 
another level of information. All observa- 
tions, along with existing DNR maps and ae- 
rial photographs of selected areas, were 
thoroughly reviewed by DNR and GE person- 
nel associated with the analysis of Landsat 
data. These supplementary data provided 
the analysts with the information necessary 
to make knowledgeable Landsat data clas- 
sification decisions. 

SELECTION OF FOREST-ASSOCIATED 
LAND-COVER CLASSES 

The Landsat survey of Philippine forest 
resources was intended as a first step toward 
a comprehensive national forest inventory. 
The land-cover categories that can be dis- 
cerned by a satellite are not equivalent to the 
detailed classes that are required in a con- 
ventional forest inventory. However, several 

forest-related land-cover classes can be de- 
fined by Landsat. Preliminary analysis of 
test site data indicated that five basic forest- 
related land-cover categories applicable to 
DNR'S survey requirements could be uni- 
formly identified. These categories were full 
canopy dipterocarps, partial canopy dip- 
terocarps, mangrove, mossy (high elevation) 
forests, and wetlands in the proximity of 
forest areas. Other land-cover categories 
such as agriculture, range, and urban were 
also extracted over specific regions of inter- 
est to DNR, but a national inventory of these 
land-cover types was not attempted. The five 
identified forest-related categories met DNR'S 

requirement to identify the major trends in 
the utilization of the nation's forest re- 
sources. 

ANALYSIS OF LANDSAT DATA 

The primary goal of digital processing was 
to classify the data from the thirty Landsat 
scenes that cover the Philippine Islands into 
major forest-related land cover types and to 
compute the total land area occupied by 
each forest type. 

All digital processing was performed at 
General Electric Company's Digital Image 
Analysis Laboratory (DIAL) in Beltsville, 
Maryland. DIAL processing capabilities rely 
primarily on a minicomputer-based, man- 
machine interactive processing system. Due 
to the variation in Landsat source data as de- 
scribed previously, the spectral nature of the 
forest-related land-cover classes had to be 
addressed on an individual scene basis. No 
attempt was made to extend signatures be- 
tween scenes. For a typical scene, four to six 
identified subscenes (9 by 9 miles each) as- 
sociated with ground truth test areas were 
extracted from the Landsat computer com- 
patible tapes. The subscenes were then dis- 
played on the DIAL color TV monitor and in- 
teractively analyzed to obtain multispectral 
signatures for each land-cover class. Indi- 
vidual class signatures were normally con- 
sistent within a scene. However, when sub- 
stantial atmospheric or ecozone variations 
existed within a scene, multiple sets of sig- 
natures for the same land-cover class were 
required. Developing the best multispectral 
signature set for a scene was an iterative pro- 
cess. DIAL interactive computer processing 
capabilities facilitate this iterative process 
because they allow the analyst to evaluate 
his classification immediately and to modify 
results as appropriate to obtain the most 
meaningful and accurate classification. The 
qualitative accuracy of each class in this 
study was evaluated by the analysts against 
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the available ground truth. Upon completion 
of the digital analysis, classification accuracy 
tests were performed by DNR for selected 
areas. 

The multispectral signature sets estab- 
lished on the subscenes were then applied 
to classify the entire Landsat scene using 
DIAL bulk, or large area, processing. Political 
boundaries and other polygons can be intro- 
duced into the bulk processing in order to 
calculate and output results for selected 
areas within the full scene. The polygon in- 
puts provide the capability to account for 
Landsat scene overlap, cloud cover, and 
other spatial considerations. Bulk results 
also include printouts of picture element 
counts documenting how much land area in 
each scene was occupied by each forest- 
related land-cover class. The pixel counts 
were readily converted to hectares and ap- 
propriately combined to yield the final area 
measurements. 

The final step was to transfer the classifi- 
cation results from digital form to photo- 
graphic form by means of a digital film re- 
corder. Information for the entire Landsat 
scene was transferred onto a film transpar- 
ency, which in turn was enlarged to a paper 
print at desired scale. This individual scene 
analysis technique was repeated 30 times 
until scenes covering the entire nation were 
processed. 

This cooperative Philippine DNR and Gen- 
eral Electric Company project provided two 
important parameters relative to the forest 
resources of the Republic of the Philippines: 
(1) the geographic distribution of forest re- 
sources and (2) a measurement of land areas 
occupied by major forest-related land-cover 
types. 

The geographic distribution of the major 
forest cover types was   resented in the form 
of thirty 1:500,000 photographic prints cov- 
ering the entire country. Each print covered 
an area equivalent to one Landsat scene (185 
bv 185 km). The forest-related cover tvves . - 
that were classified and mapped included 

Full canopy closure dipterocarps 
Partial canopy closure dipterocarps- 
reproduction areas and brush 
Mangrove forest 
Mossy or high elevation forest 
Non-forest land-wetlands, marshy areas, 
and small water bodies in the proximity of 
forested areas. 

on the photographic prints in a unique color. 
Areas that were not classified (i.e., agricul- 
tural areas, urban, etc.) were retained in 
their original false color rendition, similar to 
Landsat color composites. This provided 
scene background for easier geographic 
orientation. Where possible, areas that were 
obscured by clouds on the selected Landsat 
images were analyzed using supplementary 
Landsat images from different dates when 
that area was cloud-free. 

The area measurements for the major 
forests types were compiled for each Land- 
sat scene, and then appropriately combined 
for the following political subdivisions: 
Mindanao, Luzon, Mindoro, Palawan, and 
Visayas. The overlap between the Landsat 
frames was accounted for during the bulk 
classification process by properly selecting 
only a portion of each 185 by 185 km frame. 

The results were verified by DNR person- 
nel by comparing selected portions of Land- 
sat thematic maps with corresponding recent 
aerial photographs and with conditions on 
the ground at several of the  previously 
selected test sites. DNR personnel concluded 
that the overall accuracy of classification of 
the major forest types was between 85 and 
95 percent, depending on the complexity of 
the area. Areas with more homogeneous 
forest cover and not in mountainous terrain 
exhibited high classification accuracies. The 
major item contributing to misclassification 
was high relief and its associated shadow 
areas, especially in Landsat data acquired 
during winter (low sun elevation). The use 
of Landsat data from many different dates 
also contributed to some inconsistencies in 
classification in the overlap region between 
scenes. 

The  final area measurements for this 
forest-associated land-cover classification 
are summarized in Table 1. The area totals 
for each forest type are listed by region, and 
for the entire nation. The results show that 
38 percent of the country is covered by 
forest. The largest portion of these resources 
is composed of the full canopy dipterocarp 
forest. 

The victoria1 and numerical results to- 
gether make up a synoptic view of the forest 
situation in the Philippines. This approach 
provided the DNR with a unique view of the 
entire country. Even though this information 
is of limited value for the intensive day-to- 
day management of forest resources, it pro- 
vided several facets of great importance to 
the Philippine government. Most important, 
when compared with the previous inven- 

Each of the above classes was represented tory, it indicated numerous areas, especially 
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Land-Cover Category1 Forest Coverage 
Area .Measurcrnents in Hectares By Region** 

Island Total Forest Forest Forest Non- 
or Land Full Partial Obscured Forest Forest forest 

Region Area Closure Closure By Clouds Mangrove Mossy Wetlands Hectares % 

Mindanao* 
Palawan 
Luzon 
Mindoro 
Visayas 

TOTALS 
In Hectares 

% 

* Area lneasurements include Basilan and Sulu Archipelago 
*' Forest coverage does not include non-forest wetlands 

in Mindanao and Mindoro, where forest Philippines. The results of this project rep- 
cover gave way to other land uses. In addi- resent a useful pictorial and numerical base 
tion, the forest-related land-cover area mea- that can be used as a guide to formulate na- 
surements by region and for the entire tional forest utilization policies and to plan 
country, when compared with similar num- more intensive forest inventories. Images 
hers from previous years, highlighted trends that are relatively cloud free can serve as 
in forest utilization (deforestation) in the base material for overlaying political bound- 
Philippines. aries and forest concession boundaries, and 

The entire project was performed in a pe- for overall assessment of the condition of 
riod of six months. The computer processing forest resources on a regional basis. 
of Landsat data (classification, area mea- 
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The use of satellite multispectral scanner this article. 
data is a new and unique way to survey (Received June 2,1978; revised and accepted June 
forest resources for an area as large as the 4, 1979) 

Forum 
ISP Commission IV Symposium 

I N HIS ExcELLEwr review of the Symposium 
of Commission IV, Ottawa, October 1978 

(Photogrammetric Engineering and Remote 
Sensing, April 1979, p. 491) Dr. James B. 
Case says that in my paper, "Some Con- 
straints in Orthophotography," I " e ~ n -  
phasized flight planning (flying height three 
to four times elevation differences, timed to 
avoid shadows)." Sir, I have been sadly mis- 
quoted for I said no such thing! It is true that 
I emphasized flight planning, but the other 
two statements are not mine. What I actually 
wrote was "an enlargement from photo to 
orthophoto of 3x  to 4 x  is by far the most 

common" and "it is vitally important to 
avoid the hot-spot effect . . . (but) shadows 
should not be excessively long." 

I am sure Dr. Case will agree that eleva- 
tion differences of 25 percent to 33 percent 
of the flying height are not common in or- 
thophoto production (though we have pro- 
duced orthophotos with elevation differ- 
ences over 30 percent). As for shadows, an 
orthophoto without shadows should be, I 
suspect, a dull, lifeless thing even if it were 
possible to achieve it. 

-P. B .  Stewardson 
Wild Heerbrugg Ltd. 


