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_ _  . : 

. .  Abstract . ,  

I n  western a f r i can  Sahel, the  eve r las t i ng  denudation of  the  s o i l s  i s  a 
danger f o r  t h e i r  p o t e n t i a l  p r o d u c t i v i t y ,  a5 bare l i g h t  sandy s o i l s  have 
o f ten  been 'over exp lo i ted  by c u l t i v a t i o n  and grazing.. Hence, ,these areas 
are threatened by sequences leading t o  unpraduc t iv i t y ,  increased by . 
c l i m a t i c  var ia t ions :  t he  well-known droughts from 1972 t o  1974 and 1984 
had heavy impacts and more espec ia l l y  the  enhancement of the  frequency 
o f  s t rong winds. From remote sensing datas of  Landsat MSS, we ,study a 
se t  o f  d e s e r t i f i c a t i o n  ind ica tors .  We experiment reproduc t ib le  
procedures t h a t  may a l low the  i d e n t i f i c a t i o n  and measurement o f  
parameters connected t o  these ind ica tors .  1 

We process two k inds  of  app l i ca t ion :  . .  

- f i r s t ,  desc r ip t i on  o f  s i n d - h i l l  .pat terns by modelizing t h e i r  shapes 
and by q u a n t i f i y i n g  t h e i r  prin'ci.pa1 and secondary o r ien ta t ions ;  

- then, desc r ip t i on  of bare areas around v i l l ages :  typology of  bare 
areas based on t h e i r  shap'ee; modelszation of  t he  "bare s o i l s  5e t "  from 
which can be ca lcu la ted  ' d i f f e r e n t  parameters. 

The employed a lgor i thms run  morphological t ransformat ions and 
measurements of predefined ob jec ts  on the  image, Their degree o f  
genera l i za t ion  l e t  us g i ve  quan t i f i ed  elements t o  b u i l t  t ypo log ies  of 
some pecu l i a r  geographic and geomorphologic fea tures  having t y p i c a l  
shapes. I n  the  same manner, i t  l e t  LIS use them on images coming from. 
d i f  f erent  periods, a l  lowing chrono1 og ica l  studies. 

* Presented a t  the  Twentieth In te rna t i ona l  Symposium on Remote Senging 
of Environment, Nai rob i ,  Kenya, 4-10 December 1986. 
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The atudy o f  na tu ra l  environment and the  study of t ha  impact of human 
a c t i v i t i e s  are not  resolved, i n  t h i s  semi-arid environment, by the  on ly  
spec t ra l  s ignature of ob jects .  Problems of  i n t e r p r e t a t i o n  are r e l a t e d  t o  the  
environment cha rac te r i s t i cs :  i t s  dynamics, r e l a t e d  t o  meteorological and 
c l i m a t i c  changes, a re  very rap id ;  t he  spec t ra l  s ignature of each element 
s e t t i n g  up the  la,ndscape fea tures  are no t  ye t  wellknown; the  spec t ra l  
channels a re  h i g h l y  cor re la ted  and the  landscape u n i t s  are o f ten  
d is t ingu ished on ly  by low rad iomet r ic  gradients; moreover these weak 
cont ras ts  a re  s t i l l  reduced, here i n  the  Sahel, by frequent sandy and dusty 
haze. So, i n  order t o  analyse thematic i n  add i t i on  t o  spec t ra l  answer, we 
use the  concept o f  the  shape o f  t he  objects ,  as seen from the  azimuthal 
p o i n t  of view, the  spectrum beeing an i n t e r f a c e  between the  ob jec ts  and 
t h e i r  shapes. 

Environmental determinismç (as c l imate,  slopes, sur face of  so i l s . .  . )  and 
human impacts (as types of  land-use, f a c t o r s  of  production, and the  
d i f f e r e n t  elements of  t he  r e l a t i o n s h i p  between man and h i s  environment) 
b u i l d  the  fea tures  of the  landscape; the  landscape u n i t s  are in terwined one 
w i th  the  anotherç, o u t l i n i n g  more or  l e s s  regu la r  shapes3 i n  some systematic 
examples, shape may become the  i n d i c a t o r  of t he  v i s i b l e  landscape u n i t :  
l i m i t s  o f  f i e l d s ,  d e n d r i t i c  hydrographic nets, i r r i g a t i o n  fea tures  f o r  
instance... I n  the  sahel ian environment, some of these shapes are connected 
t o  landscape u n i t s  threatened by d e s e r t i f i c a t i o n .  We describe hereaf te r  two 
examples chosen f o r  the  fo l l ow ing  reasons: 

- ' t h e y  are s i g n i f i c a n t  o f  actua l  processes t h a t  can be observed and measured 
i n  many count r ies  i n  the  Sahel and the  semi-arid area i n  the  world: shapes 
are  s i g n i f i c a n t  o f  processes r e l a t e d  t o  a r i d i t y ;  hence measurements a re  
h i g h l y  usefu l ;  

- the  apparently simple shapes, r e s u l t i n g  from complex geographical 
processes, a l low an easy and s p e c i f i c  modelization. 

The r e l a t i o n s h i p  between the  ob jec ts  on the  f i e l d  and t h e i r  shape from an 
azimuthal p o i n t  of view i s  i d e n t i f i e d ,  hence modelized, by the  thematician. 
Then the  shape is extracted and measured. I n  the  two fo l l ow ing  examples, we 
assume d i f f e r e n t  types of measurements such as o r ien ta t i on ,  perimeters, 
diameters, surfaces... I n  both cases, we use the  q u a n t i t a t i v e  methods: 
f i l t e r i n g  by convolut ion, t ex tu re  ana lys is  and espec ia l l y  Mathematical 

parameters are defined by mathematical formulas, reproduct ib le .  
' Mdrphology. Objects are ext racted by s p e c i f i c  algori thms. Measurement 

MEASURES O F  ORIENTATION: SAND-HILL BARS I N  THE NORTH OF LAKE FAGUIBINE 
---- (MALI) 

I n  the  nor thern p a r t  o f  t he  region, sand-h i l l s  seem t o  be organized as long 
regu la r  bars, approximately o r ien ted  North East - South West, w i t h  a 
coverage of  grass and scare shrubs i n  the  dune va l leys ,  and the  marks of an 
ancient hydr ic  erosion. I n  the  South West, sand-h i l l s  become i r r e g u l a r ,  
o r ien ted  North - South, w i th  more v i s i b l e  g u l l i e s ,  which draw the  very 
s t ruc tu re .  O u r  ob jec t i ve  i s  t o  quant i f y  t he  mod i f i ca t ions  of the  shape of 
sand-h i l l s  i n  order t o  f i n d  a r e l a t i o n  between the  d i f fe rences  i n  t h e i r  
s t r u c t u r e  and hypothesis on t h e i r  genesis. 

The basic image i s  a MSS Landsat, 212-048, May 10 1982. 

To study the  t ransformat ion of t he  sand-h i l l  s t ruc tu re ,  we have se lected 
seven samples having the  same s i z e  (300 p i x e l s  x 300 p i x e l s )  r e g u l a r l y  se t  
along a NE-SW ax is ,  submitted t o  t h e  same numerical treatments. 

The i n i t i a l  processed image i s  i n  any case the  image o f  e igh t  d i r e c t i o n s  
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achieved by a Gabar i t  f i l t e r i n g  on t h e  f i r s t  p r i n c i p a l  component given b y  
t h e  four MSS bands: t h i s  image has e i g h t  d i f f e r e n t  shades o f  grey, each 
shade represent ing t h e  code ( f rom 1 t o  8) o f  t h e  h ighest  l o c a l  gradient  
d i r e c t i o n ,  ca lcu la ted  i n s i d e  a 3 x 3 window by t h e  Gabari t  method 
(Robinson, 1977). 

T w o  types of t reatment have been processed: 

- s t a t i s t i c a l  study on t h e  e i g h t  d i r e c t i o n s  o f  each sample; 

- treatments us ing Mathematical Morphology methods. 

The aim o f  these two d i f f e r e n t  se ts  of  t reatments i s  t o  quant i f y  p r i n c i p a l  
and secondary d i r e c t i o n s  f o r  comparison of  t h e  samples, c a l l e d  
A,B,C,D,E,H,I. The f i g u r e s  hereaf te r  show t h e  samples !4,B and I. 

1. S t a t i s t i c a l  study: 

The f i r s t  bas ic  t reatment cons is ts  i n  working out  t h e  d i s t r i b u t i o n s  o f  t h e  
e i g h t  d i r e c t i o n s  i n  each sample. Th is  ana lys is  i s  completed by two processes 
q u a n t i f y i n g  t h e  r e g u l a r i t y  o f  t h e  d i r e c t i o n s  i n s i d e  each sample. They 
cons is t  i n  comparing s t a t i s t i c s  on two successive windows. 

a) We process c a l c u l a t i o n  o f  t h e  Khi 2 dis tance between two successive 
windows c a l l e d  here Fn and Fn+l,  described by t h e  v a r i a b l e  " D i r e c t i o n "  
obtained by t h e  Gabari t  f i l t e r i n g :  

NF i s  t h e  to ta l 'number  of  windows 
f n j  i s  t h e  r e l a t i v e  frequency o f  p i x e l s  having t h e  d i r e c t i o n  j i n  t h e  

window Fn 

b )  We process c a l c u l a t i o n  of t h e  number of  permutat ions of t h e  order of  t h e  
f requencies o f  t h e  d i r e c t i o n s  between Fn and Fn+l. 

The parameters descr ib ing these samples are  g iven by summing up t h e  150 
values o f  " kh i  2" and "Permutations" r e l a t i v e  t o  t h e  150 concentr ic  windows. 
The r e s u l t s  r e l a t i v e  t o  t h e  seven samples are shown on the  f o l l o w i n g  tab le .  

Samp 1 es C'hi 2 Number of  permutations 

A o. Ur30 1524 133 
B O. 000 1055 24 1 
C O .  000 1245 i 70 
D O. O003 169 1 O2 
E O. OOO2144 120 
H ( 3 .  ( 3 0 0  1858 127 
I O. (3004412 167 

The two v a r i a b l e s  Khi 2 and Permutation are  n o t  corre la ted.  The r e s u l t s  on 
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t h e  sample B are t y p i c a ’ l  w i t h  t h e  lowest Khi 2 a n d  t h e  h i g h e s t  number  of 
p e r m u t a t i o n s .  I t  can b e  e x p l a i n e d  b o t h  b y  t h e  h i g h  number  o f  c h a n g e s  i n  t h e  
local g r a d i e n t  d i r e c t i o n  i n  t h e  s o u t h e r n  p a r t  o f  t h e  s a m p l e  a n d  b y  t h e  
r e g u l a r i t y  o f  t h e  f r e q u e n c y  o f  t h e  c h a n g e s  i n  t h e  same area. T h e  v a l u e s  o f  
t h e  t w o  v a r i a b l e s  Khi  2 a n d  P e r m u t a t i o n  i n d i c a t e  b o t h  t h e  h i g h  number  o f  
p e r m u t a t i o n s  i n  t h e  o r d e r  o f  f r e q u e n c i e s  o f  d i r e c t i o n s  b e t w e e n  t w o  

d i s t r i b u t i o n s  o f  t h e s e  windows.  
=L!=C===i./= $.:inAi:.:= =,cd th= ?=-$-: ?p.,=? =f ,*-ri 1 - 1  * U C * Y I , _  -+.i --- c-cI.l-”- YYb..EEIII cc.- -.I,= 

T h e  s a m p l e  I h a s  t h e  h i g h e s t  Khi  2 a n d  a l o w  number  o f  p e r m u t a t i o n s :  a new 
p a t t e r n  a p p e a r s  i n  t h e  S o u t h - W e s t  o f  t h e  s a m p l e ,  t h e  d i s t a n c e  b e t w e e n  b a r s  
is h i g h e r  t h a n  i n  o t h e r  s a m p l e s  a n d  b a r s  t h e m s e l v e s  h a v e  less l i n e a r  s h a p e s  
t h a n  i n  s a m p l e s  A a n d  B. 

T h e  a n a l y s i s  o f  t h e  d i r e c t i o n a l  g r a d i e n t s  r e p a r t i t i o n  i n  t h e  windows g i v e s  
us s c a l a r  p a r a m e t e r s ;  h o w e v e r ,  i t  d o e s  n o t  a l low t h e  p e r t u r b a t i o n s  o f  
d i r e c t i o n s  t o  b e  l o c a t e d  i n s i d e  t h e  image:  t h i s  is t h e  s u b j e c t  o f  p r e s e n t  
d e v e l o p m e n t ;  m o r e o v e r ,  t h e  s t r u c t u r a l  d i r e c t i o n  i s  r e a c h e d  h e r e  t h r o u g h  a 
local  o r i e n t a t i o n  i n s i d e  t h e  texture. F o r  t h i s  r e a s o n ,  w e  make m e a s u r e m e n t s  
s t a r t i n g  w i t h  t h e  e x t r a c t i o n  o f  t h e  s h a p e s  ( s a n d - h i l l  b a r s ,  g u l l i e s )  
a c h i e v e d  b y  morpho1 o g i  cal  t r a n s f o r m a t i o n s .  

2 .  M o r p h o l o g i c a l  t r a n s f o r m a t i o n s :  

A l g o r i t h m s  are a p p l i e d  t o  t h e  same i m a g e  o f  e i g h t  d i r e c t i o n s  a s  a b o v e .  W e  
m a k e  s e p a r a t e  f i l t e r i n g s  f o r  t h e  m a i n  s t r u c t u r e  ( t h e  b a r s )  a n d  f o r  t h e  
g u l l i e s ,  i n  o r d e r  t o  es t imate  t h e  i m p o r t a n c e  o f  e a c h  d i r e c t i o n  a n d  t o  
c o m p a r e  s a m p l e s  t o  e a c h  o t h e r s :  t h e  use o f  two d i f f e r e n t  a l g o r i t h m s ,  o n e  f o r  
e x t r a c t i o n  a n d  m e a s u r e m e n t  of b a r s ,  o n e  f o r  e x t r a c t i o n  a n d  m e a s u r e m e n t  o f  
g u l l i e s ,  is h e r e  j u s t i f i e d  b y  t h e  d i f f e r e n c e  o f  s i g n i f i c a n t  g r e y  l e v e l  of  
e a c h  t h e m e .  

I . I .  

E i g h t  d i r e c t i o n s  i mage 
( G a b a r i t )  

\ 
Grev l e v e l  t r a n s f o r m a t i o n  

/ 
G r e y  1 e v e 1  ’ t r  a n s f  or  mat i on 
( s a n d - h i  11 b a r s )  ( a u í  1 i es) 

Medi a n  f i 1 ter.i ng M e d i a n  f i l t e r i n g  

R a d i u s  1 O p e n i n g  
t h e n  r a d i u s  2 C l o s i n g  

\ 
I 

R a d i u s  i C l o s i n g  

/ 
One l e v e l  t h r e s h o l d i n g  

( C o n v e r s i o n  t o  b i n a r y  i m a g e )  

I 
I 

E l i m i n a t i o n  o f  i s o l a t e d  
p a r t  i c 1 es 

S k e l e t o n s  

Roses o f  d i r e c t i o n s  
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A s  the  est imat ion of t h e  order o f  d i r e c t i o n s  i s  p rec i se l y  t h e  ob jec t  of our 
research, we choose an i s o t r o p i c  s t r u c t u r i n g  element t o  prevent any "a 
p r i o r i "  about the  anisot ropy of  t he  image. With the  rose of  d i r e c t i o n s  
method (Coster e t  Chermant,l985) we can parameter twelve d i r e c t i o n s  i n  p lace 
of e igh t .  

With t h e  gabar i t  f i l t e r i n g  and t h e  Mathematic Morphology i n  grey l e v e l  
technic ,  we can ob ta in  a siiiäipe r e p ~ e ä e n t e d  by û s& ++ =tn;~qt;=nt grey ?eve? 
and we can study separate ly  each d i rec t i onna l  s t ruc tu re :  i n  every sample t h e  
p r i n c i p a l  s t r u c t u r e  (bars)  and the  secondary s t r u c t u r e  ( g u l l i e s ) .  

The roses of  p r i n c i p a l  d i r e c t i o n  (ENE-WSW) are  we l l  noted i n  samples A and 
E; i n  E we n o t i c e  the  growth of t he  d i r e c t i o n  NNW-SSE (contact  between sand 
dunes and c l a y  I n  H (not  shown here) ,  t h e  prev ious p r i n c i p a l  
d i r e c t i o n  i s  replaced by the  new NNE-SSW: the  phenomena i s  more v i s i b l e  i n  
sample I, where the  d i r e c t i o n  NNE-SSW i s  c l e a r l y  t h e  highest; we n o t i c e  the  
important decreasing of  t he  prev ious ENE-WSW. 

I n  opposi t ion w i t h  the  bars s t ruc tu re ,  t he  d i r e c t i o n s  of g u l l i e s  a re  almost 
t he  same i n  the  samples. The skeletons are  s i m i l a r  and the re  i s  no r o t a t i o n  
o f  the  d i r e c t i o n s  (as seen i n  the  bars) .  

Hence, we have given r i s e  t o  a 12 l e v e l 3  var iab le ,  which a l lows a 
q u a n t i t a t i v e  cha rac te r i za t i on  of  t h e  s t r u c t u r e  anisotropy: we consider t h i s  
Character izat ion as a s ignature  of t he  ex t rac ted  s t ruc tu re .  

MYSUREMENTS OF LAID BARE CULTIVATED AREAS. GOND0 PLAIN. M A L I  

I n  the  Gondo p l a i n ,  permanent set t lements a re  organized as concentr ic  
c i r c l e s  or r ings :  

- i n  the  middle, t h e  v i l l a g e r  h igh  t rees,  shadow of  t he  wal ls ,  f l a t  c l a y  
roofs ;  low l e v e l  o f  radiance; - a t h i n  c i r c l e  of permanent stamping by men and c a t t l e  w i th  q u i t e  bare 
sandy s o i l :  very h igh  radiance; 
- t h e  dense aureole of  c lose  f i e l d s ,  every year under c u l t i v a t i o n  and l a i d  
bare dur ing the  e i g h t  months d ry  season, w i th  scarce t rees  (Acacia a lb ida )  
and shrubs: radianca i s  high; - an area more or l e s s  s t ruc tu red ,  more or  l e s s  c u l t i v a t e d  w i t h  f a l l o w  
f i e l d s ,  where grassy and woody coverage i s  high; t h e  spec t ra l  values are  
numerous and various, genera l l y  lower than i n  t h e  prev ious r i ng ;  
- and the  ex terna l  area of  woody bush used f o r  f i rewood and grazing. 

The sketch (see f o l l o w i n g  pages) g ives an idea of t he  morphological 
organisat ion of these areas, t he  se t  of which makes up the  ' t t e r r o i r ' t  o f  each 
s e t t  1 ement . 
The c i r c l e  of  permanently c u l t i v a t e d  c lose f i e l d s  i s  h i g h l y  threatened by 
degradation because of t he  fanning of  l i g h t  organic elements dur ing a l l  the  
dry  season; i t  i s  equa l ly  important t o  watch over the  f a l l o w  area, as i t s  
i n t e r n a l  border w i  11 probably get degraded. 

On the  scene presented as an example (Landsat MSS, 211-050, March 31, 1976) 
and on the  other scenes we read, t h e  theme " f i e l d s  permanently under 
c u l t i v a t i o n "  i s  e a s i l y  seen (h igh l e v e l  of radiance, c i r c u l a r  shape) bu t  an 
obvious s i n g l e  threshold ing cannot be achieved a% i t  can be f o r  t he  
neighbouring themes. Est imat ion of  i t s  sur face needs a s p e c i f i c  ana lys is  o f  
s p a t i a l  o rgan iza t ion  of  p i x e l  values t o  be done. Such an ana lys is  i s  based 
on the  t o o l s  o r  Mathematical Morphology. The f o l l o w i n g  a lgor i thm shows the  
sequence of  procedures t h a t  leads t o  a c l a s s i f i c a t i o n  and t o  a q u a n t i t a t i v e  
desc r ip t i on  of t he  r ings .  
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Thm steps 

First principal component 
on the four bands 
(Karhunen Loewe Clnalysis) 

Identification of the common 
center of the rings 

Dilation by isotropic and 
increasing structuring elements 

Reckoning of the mean value 
inside each dilation ring 

Graphs of the resulting values , 
according to the radius of dilation 

I 

I 

I 

I 

Measures / 
on the graphs 

Descriptive parameters 
of the rings 

I 

of the procedure are the followings. 

\ Classification 
on types of the circles 
described by the graphs 

1. Idmtification of the center o f  the circles: on interactive terminal, the 
coordonates of a center are identified with a cursor and memorized in a 
binary image. 
2. Successive dilations of this‘ mask with isotropic structuring elements: 
the basic lattice is hexagonal: hence, the structuring elements are 
hexagons. When the radius is increasing, the hexagon looks less and less 
like a very circle, SO we have replaced it by a dodecagon. Dilation by the 
dodecagon i s processed as f o1 1 ows: 

The ordinary dodecagon has the following form: 

Di = nH + n*H*T 

- e-*-*. . _  . -  H= . . .  
. e  . 

. o . .  - y’.. ’ e  * Q . .* - . . .  . . . .  
(n+l) (n- 1) 
3119 (ri*+ 1) To obtain the following one, calculate = 

If o( < 1, then Di+1 = (n+li H @ r ? H T  
if not, Di+l = (n-1) H @ ( n * + i ) H *  

i l l  2 3 4 5 6 7 B 9 i (3 

l i  2 1 2 3 2 3 4 5 4  
o (3 1 1 i 1 2 .  -7 L .l L 2 3  
7 19 31 55 85 109 151 199 25.3 295 

This sequence cannot be used for a granulometry. For 
instance: Db is not open by D5. One has to take o n e  
decagon out of two from i-4. 
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3. Computation of each d i l a t i o n  r ing :  

mask mask x image 0 0  . .-: . 0 0  .... :- . .. . .. . . .. . 
si Ti S i + l  Ti+ 1 

step i step i+ l  

S = sur face 
T = sum of  numeric values 

For each v i l l a g e ,  we process t o  a graph of 40 po in ts .  

4.Hierarchical c l a s s i f i c a t i o n  t ree:  t he  c o r r e l a t i o n  between a l l  these graphs 
i s  computed. A f t e r  descending h ie ra rch i ca l  c lass i f i c -a t i on ,  one can n o t i c e  a 
d isc r im ina t ion :  t he  c i r c l e s  of  t he  nor thern v i l l a g e s  are  th inner  and more 
r e f  l e c t a n t  than t h e  southern ones. 
5.Direct measures on the  graphs: abscissa and ord ina te  of t he  maximum, width 
of  the  lobe a t  a given height ,  slope from a given distance. 

This  whole procedure 15 founded on t h e  est imat ion of  a d is tance from a 
center: i t  i s  s p e c i f i c  o f  t h e  desc r ip t i on  of  a simple concentr ic  c i r c u l a r  
system. We have experimented an other procedure, t h a t  can be used f o r  
geometr ica l ly  more complex systems. This second procedure i s  founded on the  
compacity o f  t he  shapes o u t l i n e d  by c lose  grey leve ls ;  f o r  each grey l e v e l  a 
compacity index o f  t h e  corresponding b inary  image i s  estimated by 
ca l cu la t i ng  t h e  quot ient  o f  t he  sur face of  t he  Opening by the  surface of  t he  
Closingr the  graph A represents the  s t a b i l i t y  o f  t he  surface: 

5 = Surface, O = Opening, C = Closing. 

The graph 0 represents the  s t a b i l i t y  o f  t he  number o f  p a r t i c l e s :  

P = number of  p a r t i c l e s .  

Both g ives US th ree  thresholds. The o r i g i n a l  image ( p r i n c i p a l  component) i s  
r e s t i t u t e d  from these th ree  thresholds, g i v i n g  a four  classes image: 

- permanently c u l t i v a t e d  area, - woody bush 

and between them, two classes which are supposed t o  be two d i f f e r e n t  types 
of f a l l o w  f i e l d s :  a v e r i f i c a t i o n  on the  ground i s  t o  be done. 

The app l i ca t i on  o f  these procedures t o  t h e  whole Gondo p l a i n  may a l low 
quan t i t a t i ve  s tud ies  upon d i f f e r e n c i e s  between ' I t e r r o i r s N ,  d i f f e r e n c i e s  
which are t o  be explained by phys ica l  o r  human f a c t o r s  (pedology, land-use, 
h is tory . . . ) .  The app l i ca t i on  t o  chronologica l  sequences o f  MSS images may 
a l low a q u a n t i f i c a t i o n  of  t he  evo lu t ion  i n  each " t e r r o i r " ,  p a r t i c u l a r l y  t he  
q u a n t i f i c a t i o n  of  t he  amount o f  t he  permanently c u l t i v a t e d  areas. It should 
g i ve  use fu l  in fo rmat ions  f o r  f u r t h e r  con t ro l  o f  t he  p o t e n t i a l  .of product ion 
a t  t he  l o c a l  and reg iona l  leve ls .  

565 



Z l O  

mo 
i w  

180 

170 

160 

160 

740 

130 

120 t I l t 

10 20 JO 
d 

YOMIOU 

GRAPH A 
thrahold 1 

indm of campacity of 
the binary imgs 


