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NUMERICAL PROCESSES FOR IDENTIFICATION OF
LANDSCAPE UNITS IN MONTANEOUS AREAS

Denis BLAMONT(), Catherine MERING(2) and Jean-Francois PARROT(2)

ABSTRACT

In montaneous areas, land cover, among other things depends on the versant
exposure and the altitudinal distribution of vegetation. In those regions, spectral
signatures of landscape units are also varying with the degree of illumination of
the slopes while satellites are shooting. To take into account the last problem one
can try to eliminate with appropriate treatments the shadow effects produced by
topography introducing topographical data and a derivated illumination model. On
the other hand, one can treat separetely the topics according to the lighting. Their
identification in areas presenting different degrees of illumination is to be done by
a thresholding process according to radiometry and textural and structural
parameters (variance and radiometric occurence). We shall look then for correlations
between spectral signatures belonging to a family of identical topics set in
different conditions of lighting in the same altitudinal section.

RESUME

Dans les régions montagneuses, le couvert végétal dépend entre autres de
I'exposition des versants et de |'étagement de la végétation. Dans ces régions, les
signatures spectrales des unités de paysage varient également en fonction du degré
d'éclairement des pentes lors des prises de vue satellitaires. Pour prendre en
compte ce dernier probléme, on peut tenter d'éliminer avec des traitements
appropriés les effets d'ombre produits par la topographie en introduisant les données
topographiques et les modeles d'ensoleillement qui en dérivent. En revanche, on
peut traiter séparément les thémes en fonction de ['éclairement. Leur identification
dans des zones présentant différents degrés d'éclairement se fait par un processus
de seuillage automatique tenant compte de la radiométrie et de parametres de
texture et de structure,
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INTRODUCTION

Land wuse generally depends on the nature of soils, climate,
hydrographic nets and human interventions. In montaneous areas it depends
moreover on the altitudinal distribution of vegetation, on exposure of
versants and the degree of slopes.

In these regions, spectral datas from MSS-bands are affected by
the hour of shooting and by the illumination of slopes depending on the
topography. Over Himalaya of the Center of Nepal (cf. fig. 1), the
LANDSAT satellite always flies about 9.20 a.m. At this moment, according
to seasons, azimut and sun elevation are varying respectively between 140°
and 90° and between 30° and 60°. These variations involve modifications
of the angle of incidence and of the direction of the rays : some versants
are whether illuminated or in the shadow. However, steep slopes on
westwards versants will always be in the shade (the light being more or
less grazing on soft slopes) and eastwards versants will always be
illuminated.

We f{first have isolated the radiometric themes studying them in
their environment using the MSS data. These themes are the result of an

automatic thresholding of one of the MSS-band combined with variables

derived from the  radiometry measures, such as texture index. The
unsupervised classification depends on the spatial arrangment of the
radiometric values of the pixels, depending itself on the arrangment of the
various landscape units on the ground.

The process itself is based on the calculation of the following
variables :

. local radiometric occurence in a (mxm) matrix,

. the mean radiometric occurence within a window,

. the thresholding of this last function,

. the variation coefficient in a (mxm) matrix.

In the second part, we took into account the support of the
landscape units; we replaced them in various altitudinal portions and in

various classes of illumination, using topographic data.
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Figure 1. Localization of the studied area on MSS7.




The interpretation of the themes in term of landscape units is
done afterwards, according to our knowledge of training areas on the

ground.

CONCEPTS AND TOOLS

Thresholding

Difficulties encountered during treatments of MSS data on vegetal
cover of hymalayan regions start with the initialization of standart methods
of classification. As we said above in this paper, according to lighting and
slope, a same theme on the ground will surely not have the same
radiometric answer in any of the four bands(), Therefore we studied
radiometry in connection with textural elements. ‘

At this very point, the problem of the thresholding technique
appeared to us. As a matter of fact, very few classification methods on
satellitary images can avoid this preliminary stage. Usual methods of
thresholding images such as inter-active thresholding depending only on the
visualization of a band on a video screen or statistical thresholding
depending of the statistical distribution of a band within a window, were

not satisfactory in our case.

Local radiometric occurence

It appeared to us necessary to introduce, during the process of
thresholding MSS-bands, variables indicatory of the spatial arrangement of a
given radiometrical value. That is why we have defined the local
radiometric occurence on a square matrix (mxm) centered on a pixel i as
the occurence cfi) of the more frequent radiometric value within the matrix

(mxm) centered on pixel i, for any MSS-band.

(1) 3.V. DAVE and R. BERNSTEIN, 1982.
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Mean radiometric occurence within a window

This function is defined for each radiometric value n, in one of
the four MSS-bands, within a squared window NxN from the Landsat scene.

It needs the calculation of local radiometric occurence c(i).

N2

Z c(i)gr‘1
i

i=1
HISTC(n,N) =

c(i) is the local radiometric occurence of the pixel occupying the
inth position in the scanning of the window according to columns and then
rows.

We will threshold this last function in order to Initialize the
clustering of the themes (cf. fig. 2).

The maxima correspond to Tradiometric values occuring in the
window and having the highest occurence in a given geometrical
neighbourhood within this window. The minima correspond whether to
transition areas such as valley bottoms or «crest lines, whether to
heterogeneous themes on the ground, or to quickly changing illumination on

one theme, according to topography.

Thresholding of function HISTC(N,n)

This function is not correlated to a statistical distribution.

Therefore we shall not consider modes or minima. In another hand we can

associate the absolute difference between two consecutive values of this

function. The larger is the difference, the more various are the spatial
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Fig. 2. HISTC

Fig. 3. Thresholding MSSé by
the criterium of the absolute
difference (5%).

A. Shady slope

B. lighted slope

Fig 4. Thresholding MSSé by
the criterium of the mean
difference.

Fig. 5. Thresholding green

vegetation index.
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arrangments of the corresponding radiometric values in the window. The
criterium used in the thresholding is relative to the window : it is the
mean difference between consecutive values occuring within the whole

window.

Variation coefficient in a matrix mxm

The calculation of c{i) and HISTC(n,N) does not take into account
the absolute difference between radiometric values of a group of pixels set
in the same geometric neighbourhood. Elementary simulations(!) show that
for a given spatial arrangment of pixels and for a given n affecting this
pixels, the function HISTC(n,N) has various items according to the degree of
heterogeneity of the immediate neighbourhood.

As a matter of fact, the «calculation of HISTC(n,N) could be
applied to any qualitative variable such as the result of a classification but
it does not use the property of measure of the radiometric variable. That
is why we had to calculate the local standart deviation on a (mxm) matrix,
¢ (i), for every pixel i of the window. In our case this parameter will
systematically be higher inside a matrix containing illuminated pixels than
inside one containing pixels in shadow. Therefore we also calculated the
coefficient of variation covi(i) inside a matrix (mxm) balanced by a constant
K chosen by the operator.

covi(i) = _iil_)___
p@ o+ K
where fA(i) is the mean of the m? values in the matrix (mxm) centered on

the pixel i and &' (i) the corresponding standart deviation.

This parameter becomes a new quantitative variable used in the

classification of pixels at the same time with MSS band-variables.

(1) We have calculated that, for a given value n affecting a set of pixels
drawing a given shape, the function HISTC(n,N) can be [,3 higher when the
immediate neighbourhood of that shape is heterogeneous than when the

neighbourhood is an homogeneous set (ie. with the same radiometric value).




METHODOLOGY. RESULTS

Preliminary remarks

The mean radiometric occurence has been calculated, for each
value of one MSS-band in a set of training areas (cf. fig. 1) the size of
which is 30 by 30 pixels. The matrix coming into the calculation of local
occurence and local coefficient of variation is a 3x3 matrix.

Three types of thresholding have been employed. In all cases, one
tests the acceptable limits of variability of HISTC(n,N) between consecutive
values in order to aggregate these values associated then to the reflectance
variability of a same theme.

The two first thresholdings use an absolute criteriu;n : one
aggregates two  consecutive values if the difference between the
corresponding values of HISTC is greater than five per cent of the
maximum difference, and then ten per cent of this maximum.

This technique is avalaible in presence of series of continuums of
the function separated by sensible differences as it happens for training
areas separated in two parts by a crest line or a valley bottom, and
containing a great amount of various themes.

But

in other cases HISTC has

with the maximum and we finally applied the criterium of the mean
difference relative to the window inside which is calculated HISTC.

The criterium of ten per cent is not able to isolate the versants
in the shadow or some illuminated themes. On the other hand the criterium
of five per cent leads to a scattering of the illuminated themes (cf. fig.
3A and 3B). Moreover, in some areas, HISTC has such a small variability
that these criteriums can hardly isolate more than one theme. A part from
this extreme case, the mean differences of HISTC within various windows
are generally included between the two criteriums seen above.

We applied the mean difference criterium on the MSS-6 data (cf.
fig. 4) and then on the green vegetation index (cf. fig. 5) in the same
window.
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Classification process

Having thresholded HISTC on one of the MSS-band, we introduced
the coefficient of variation covi in an hypercubic classification(l) process
combined with the result of the HISTC thresholding. Covi has been
thresholded within three levels. By this way, we define on every training
window, areas of small coefficient of variation (they correspond to zones in
which the standart deviation is small or equal to zero), areas with a high
coefficient (generally corresponding to lineaments underlining more frequently
the crossing from shadow to light) and areas with a mean coefficient.

The value of constant K depends on the calibration scale of each
MSS-band. One uses K to balance the difference of the grey level scales
between shadow and light in the calculation of the coefficient of variation.

The combination of the thresholding of HISTC and of the
three-levels-thresholding of the coefficient of variation involves that one
grey level (ie. one class) defined on a MSS-band can be subdivided within
three sub-classes. Comparative statistics on these sub-classes/give indications
about the spatial arrangment of pixels affected by the same grey level.

Therefore, it is not only a cartographic document that can be
supplied by this process, but also criteriums allowing thematicians to analyse

the classified themes.
Results

In order to illustrate the results, we have chosen samples chiefly
showing the oak forests between 2000 and 3500 meters. Moreover, we only
analysed the west-north-west and east-south-east versants, that is to say the
ones that are perpendicular to the solar azimut at the shooting time.

In this sample, the treatment has been applied on MSS5 and MSSé
bands inside two contiguous windows (window D and window B).

Inside window D corresponding to an essentially shady area (ci.
fig. 6), the algorithm supply’ 21 sub-classes on the shady versant and 30

sub-classes on the illuminated one.

(1) ORSTOM (1978)
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Figure 6. Map obtained by hypercubic treatment MSSé/covi (K = 50)
based on the thresholding on training window D.

covi small covi mean

Figure 7. Map obtained by hypercubic treatment MSS6/covi (K = 50)
based on the thresholding on training window B




The following table gives the characteristics of each sub-class

when the constant K is equal to 50 :

TABLE 1

Sub-class Radiometry Value of HISTC Coeff. var. % inside window

1 6 to 8 4y small 6.22
2 6 to 8 44 mean 1.55
3 6 to 8 44 high 0.33
4 9 27 small 1.11
5 9 27 mean 1.00
6 9 27 high . 0.33
7 10 to 14 36 small 10.66
8 10 to 14 36 mean 8.11
9 10 to 14 36 high 1.22
10 15 41 small 4,22
11 15 41 mean 1.22
12 15 4] high 0.33
13 16/17 33 small 2.33
14 16/17 33 mean 4,11
15 16/17 33 high 1.00
16 18/19 24 small 0.66
17 18/19 24 mean 2.66
18 18/19 24 high 0.33
19 20/21 37 small 1.33
20 20/21 37 mean 2.00
21 20/21 37 high 0.33

nota : the three-levels-thresholding of the coefficient of variation has the
following values : 0 to 2, 3 to 6, above 6.

In window B (cf. Table II), where landscape units are again forests
mainly on an illuminated zone (cf. fig. 7), 38 non empty sub-classes are
supplied (among which 24 sub-classes are included in illuminated areas)

The same treatment has been processed on MSS5-band (cf. fig. 8)
where we can notice that the classes are bigger and not so numerous than
with MS386. MSS56 supply more informations inside classes than MSS5.

Furthermore, the green vegetation index has been processed by the

same way.




TABLE I
Sub-class Radiometry Value of HISTC Coeff. var. % inside window
20 11 small 0
11 20 11 mean 0.22
12 20 11 high 0.11
21 to 23 28 small 0
13 21 to 23 28 mean 2.66
14 21 to 23 28 high 0.66
15 25 30 small 0.11
16 25 30 mean 1.55
17 25 30 high 0.33
18 26 17 small 0.11
19 26 17 mean 0.38
20 26 17 high 0.22
21 27.28 26 small 3.66
22 27.28 26 mean 4,883
23 27.28 28 high 0.44
24 29.30 35 small 10.11
25 29.30 35 mean 6.55
26 29/30 35 high 0,55
27 3] to 36 30 small 23.22
28 31 to 36 30 mean 19.11
29 31 to 36 30 high 0.33
30 37 to 39 32 small 5.44
31 37 to 39 32 mean 6.00
37 to 39 32 high 0
32 40/41 28 small L.44
33 40/41 28 mean 2.11
40/41 28 high 0
42 36 small 0
34 42 36 mean 1.00
42 . 36 high 0
35 43 30 small 0.88
36 43 30 mean 1.00
43 30 high 0
37 46 2! small 0.11
38 Le 21 mean 0.22
TS 21 high 0
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Thematic interpretation

Covi being applied pixelwise, whereas the thresholding of HISTC is
done for the whole window, the cla}ssific:ation of the pixels in one of the
three sub-classes allows to identify' them as precise landscape units. The
pixels classified in one small covi sub-—class are representative of one
landscape unit (ie. dense oak forest on lighted slopes).

The pixels which are classified in the mean covi sub-classes are,
when isolated, transition between two landscape units (ie. dense forest and
degraded forest), and, when spatially grouped, heterogeneous units : some of
the classes identified by the thresholding of HISTC do even have the
majority (if not the totality) Iof their pixels comprised in the mean covi
sub-class (cf. sub-class n°® 14, 17 and 20 of Table I and sub-class 1!, 3,
is, lé, 22, 31, 33, 34, 36 and 38 of Table II). Ther are representative of
heterogeneous (ie. degraded forest) and transition units (ie. degraded forest
in the valley bottoms) between two equally or even more heterogeneous
units.

The pixels classified in high covi sub-classes are representative of
limits between lighted and shady slopes when in lines; and, when grouped,
representative of vegetation units on versants where light is grazing. As the
quick variation of radiometry due to variations of lighting conditions
prevents their correct mapping during the general process, they will have to
be treated separetely : the classes representing very homogeneous landscape
units do not have in this case the majority of their pixels in the small
covi sub-classes.

This method allows then to map satisfactorily oak forests
(according to their density and stages), their limits with other landscape
units (cultivated areas, pastures...), other degraded forests and some cropped
areas, regardless of the lighting, on the training window. '

The classification thus obtained from the MSSé data has to be
made up with a similar classification on other MSS-bands, even on values

like green vegetation index, to allow its extension to the whole area.
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ALTITUDE AND TOPOGRAPHY

Although our purpose in this paper is limitated to the study of a
certain type of landscape units in determined altitudinal portions, we will
briefly talk about the use of topographic data and illumination classes in a

simple way.

Altitudinal portions

The figure 9 shows a supervised classification on green vegetation
index combined with a subset of topographic data. It is then possible to
map different landscape units (high leveled pastures or low altitude wheat
fields for exemple) which were classified as only one theme before.

Of course this process can be applied to altitudinal portions
whether systematically or by selecting portions corresponding to known facts
on the ground (ie. known change of vegetation type at a certain altitude,

and so on).

Ilumination classes

An unsupervised treatment can also be processed combining the
results of the classifiéation described above and classes of illumination.
These classes’ are supplied applying the following model to topographic
datall) .

class = CS(Z) + CR(i) + CSOL(i) + OMBRE()
where

CS(Z) = absorption coefficient (flunction of the altitude of the
point)

CR(i) = absorption coefficient (function of the sun elevation)

CSOL(i) = projection of the sunbeam on the normal to the ground

OMBRE(i) = . 0 when the point is in the shadow

| when the point is under the sun.

i depends on the hour of the shooting.

(1) This model has been calculated by IGN (French National Geographic

Institute).
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Another simple application is to map the themes in a stochastic

process for a same illumination class.

CONCLUSION

The utilized processes on LANDSAT data made possible a
satisfactory automatic mapping of vegetation wunits in an himalayan
mountaneous area regardless of the lighting conditions within working
windows because they are based on the consideration of not only the
radiometry but also the index of local repartition of radiometric values and
the index of mean spatial repartition of radiometric values in the working
window.

The introduction of exogeneous data such as altitude allows to
remove the ambiguities remaining after the processing of the treatment to
a larger area.
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