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The assessment of forest ecosystem biodiversity by remote sensing
GUO Zhong-Wei, LI Dian-Mo, GAN Ya-Ling  (nstitute of Zoology, Chinese Academy of Sciencess Bei-
jing 100080)

Abstract : Forest biodiversity refers to either the biological diversity within species, between species, and of
ecosystems, and means not only species diversity but also the variation in ecological structures, functions
and processes. Their assessment involves potentially enormous work, and any methods that can be time-
saving for data collecting are therefore of interest. Remote sensing represents such a method although it
has been under-utilized in the studies of forest biodiversity.

Remote sensing operates from the species to the global scale. The grain, the smallest unit in land-
scape ecology, is defined by the pixel size or the scale-dependent resolution of photographs. The major
benefit of remote sensing is the total coverage of extended areas, which assures easy assessment of struc-
tural parameters in a synoptic way, derivation of geographically correct models of the landscape . visualiza-
tion of the area, and documentation of all visible information. Remote sensing thus has the potential to
provide a range of different data for biodiversity studies.

A number of different remote sensing technologies are available and the required resolution of the end
product determines which will be the most appropriate. Photography. which will use the film as data carri-
er, and digital optical images are the two main technologies used to derive information. As film normally
provides a better spatial resolution than digital data, film is mostly used for applications with high require-
ments for detailed textural information, while digital data often provide better spectral information. In ad-
dition, there are some promising remote sensing technologies, which might also provide very interesting

information for the assessment of biodiversity. One such is the use of lasers, which supply information on
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the height and form of the ground surface and the different vegetation layers. Others include thermal re-
mote sensing and radar. Photographs and digital optical images, the most frequently used forms of remote
sensing in ecology, are provided from three different platforms: terrestrial, airborne and spaceborne. Ter-
restrial photography enables the assessment of sections of landscapes. single species. or parts of species,
at large scales and from an earth-bounded perspective. While airborne and spaceborne remote sensing tech-
nologies allow a synoptic view from a bird’s-eye perspective, mostly at scales of 1:1000 upwards. Air-
borne and spaceborne remote sensing enable the assessment of species, habitats and landscapes. The im-
portance of each technology is dependent on the information being sought.

Remote sensing is normally considered as referring to airborne or spaceborne technologies. Airborne
remote sensing methods may be either aerial photography or digital airborne scanner data, while space-
borne remote sensing methods refer mainly to digital satellite data. Radar and lasers might provide infor-
mation about the internal structure of forest stands. Existing earth observation satellites provide data
which are suitable for the assessment of between habitat, landscape and regional to global diversity infor-
mation. The spatial scales for the studies are in general smaller than those provided by aerial photography
and three-dimensional data are not usually accessible.

Forests occur within the context of the landscape. They are embedded within a landscape consisting
not only of forests but also of a variety of other habitats. The overall effect is one of a mosaic of different
habitats. These habitats vary in size, shape, composition and persistence. The degree of habitat fragmen-
tation plays a decisive role affecting the viabilities of both plant and animal populations in the remaining
fragments. The degree of fragmentation appears to influence important ecosystem processes. AVHRR has
been used to look at land cover richness., vegetation richness and vegetation clustering, while high resolu-
tion satellites can provide more detailed spatial information. The investigation of structure diversity at a
landscape level implies the selection of a spatial resolution which may vary from several meters to a kilome-
ter.

The grain size is also variable at intermediate scales. The information requirements may be for a reso-
lution of between less than a meter and tens of meters. Satellite data and airborne digital imagery can be
used for the latter but, for a resolution of less than one meter, only aerial photography provides sufficient-
ly detailed information. The intermediate disturbance hypothesis is related to the idea of the size of gaps
playing an important role. A multitemporal approach using remote sensing methods often allows the visi-
ble documentation of rate, size and temporal correlation of disturbances in landscapes of habitats. Edges
and corridors represent important intermediate scale aspects of the landscape. Both satellite data and aerial
photography have proved useful for the quantitative assessment of edges and for mapping and analyzing the
geometry and spatial organization of corridors.

The majority of assessments of forest biodiversity are limited in scope and are primarily concerned
with species diversity. This is normally best assessed at the scale of the stand. An important distinction in
relation to assessments using remote sensing is between structural and interstitial species. Structural
species create or provide the physical structure of the environment, whereas interstitial species are those
that depend on the structural species. If a structural species or a particular habitat type is used as the indi-
cator, remote sensing may play an important role in monitoring the habitat availability. Terrestrial pho-
togrammetric methods enable the photogrammetric measurement of single trees and bushes as well as tree/
bush sections or groups or sections of landscapes, which mainly contribute to the assessment of microhabi-
tat diversity and within-habitat diversity.

Remote sensing can provide a rapid answer to the assessment of the potential conservation value of a
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forested landscape. For example, a number of studies in the boreal zone have indicated that species losses

accelerate once the original forest cover falls below 30% of the original forest cover. Such information can

be derived relatively easily by remote sensing, and could provide an indication of the likelihood that species

losses have already occurred within an area.

This literature review has demonstrated that remote sensing can be used effectively in biodiversity

studies. It can provide an important starting point for documenting changes in the landscape which can

then form the basis for studying the processes operating over the landscape. It would also be useful for

monitoring biodiversity-related changes in forested landscapes as a result of management interventions.

Key words :forest ecosystem; biodiversity; remote sensing; landscape assessment; satellite imagery.
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Fig. 1  Assessment of a single oak tree with terrestrial photogrammetry presented from different viewing

points™81). The height of the tree is 24m
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(Linear Canonical Discriminant Analysis) Landsat TM s
[37]
1
Table 1 List of major existing and planned high resolution optical satellite systems
Name State Spectral ‘(m? ‘(km) (a) (d) View (pm)
. Spatial Swathe Repeat angle Wavelengths
resolution . . Launch
resolution width frequency
LANDSAT 5 6 + 30/120 185 1984 16 (1) 0.45~0.52
™ 1 (2) 0.52~0.60
(3) 0.63~0.69
(4) 0.76~0.90
(5) 1.55~1.75
(6) 10.4~12.4
(7) 2.08~2.35
LANDSAT 7 15 185 1998 16 0.52~0.90
™ (HRMSIY)
LANDSAT 7 6 + (1) 15 185 1998 16 (1) 0.45~0.515
™ 1 (2,3,4,5,7) 30 (HRMSIY) (2) 0.525~0. 605
(6) 60 (3) 0.63~0.69
(4) 0.75~0.90
(5) 1.55~1.75
(6) 10.4~12.5
(7) 2.09~2.35
IKONOS 1 0.8~2 11 1998 1402 0.45~0.90
IKONOS T 4 11 1998 1402 (1) 0.45~0.52
(2) 0.52~0. 60
(3) 0.63~0.69
(4) 0.76~0.90
SOPT HR 10 60 SPOT 4. 26 0.51~0.73
)3 1998
SPOT 2.
1990
SPOT XS SPOT 2:3 20 60 SPOT 4. 26 (1) *0.50~0.59
SPOT 4.3 )3 1998 (2) 0.61~0. 68
+SWIR® SPOT 2. (3) 0.79~0.89
1990 (SWIR) 1. 58~
1.75
JERS T OPS 4 18 75 1992 44 (1) 0.52~0. 60
(2) 0.63~0.69
(3) 0.76~0. 86
(4) 0.76~0. 86
(5) 1.60~1.716
(6) 2.01~2.12
(7) 2.27~2.40
IRS-1c 6 74 1995 248 0.5~0.75
(PAN)
IRS-1Ic 4 23.57 (1~3)141 1995 248 (1) 0.52~0.59
(LISS-IID) SWIR:70.77 (4)148 (2) 0.62~0.68

(3> 0.77~0. 86
(SWIR) 1. 55~
1.70




8 1375
1
Name State Spectral (m? (lem) (a) . View Cprm)
. Spatial Swathe Repeat angle Wavelengths
resolution . . Launch
resolution width frequency
IRS-Ic 2 188 806 1995 5 (1) 0.62~0. 68
(WiFS%) (2) 0.77~0. 86
IRS-1d 6 74 1997 248 0.5~0.75
(PAN)
IRS-1d 4 23.57 (1~3)141 1997 248 (1) 0.52~0.59
(LISS-TID SWIR:.70.7  (4)148 (2) 0.62~0. 68
(3) 0.77~0. 86
(SWIR) 1.55~
1.70
IRS-1d 2 188 806 1997 5 (1) 0.62~0. 68
(WIiFS) (2) 0.77~0. 86
SPOT 5/6 1 60 SPOT 5: 26 0.51~0.73
2002
SPOT 5/6 3 + 10/20 60 SPOT 5. 26 (1) 0.50~0.59
1 2002 (2) 0.61~0. 68
(3) 0.79~0. 89
Quick Bird 1 22 1999 1~4° 0.45~0.90
Quick Bird 4 4 22 1999 1~4° (1) 0.45~0.52
(2) 0.52~0. 60
(3) 0.63~0.69
(4) 0.76~0.90
IKONOS 2 0.8~2 11 1999 <140' 0.45~0.90
IKONOS 2 4 11 1999 <140' (1) 0.45~0.52
(2) 0.52~0.60
(3) 0.63~0.69
(4) 0.76~0.90
1 HRMSI, 0 2 . 52°% o 3 s s
( ) s s 117 km, 3 km
.4 (), . 5 SWIR, . 6 . 7 WiFS, . 8 25m, 9
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Fig. 4 Tree measured using terrestrial photogrammetric methods that assess branch diameters and total crown
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