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ABSTRACT 

T h e  Okavango i s  Botswana's major water resource.  
A s  ye t  i t  is e s s e n t i a l l y  undeveloped and suppor ts  
l a r g e  wild l i f e  popula t ions  both w i t h i n  t h e  system 
i tself  and i n  t h e  ad jacen t  semi-arid a reas .  
velopment of t h e  d e l t a  co r  i t s  water resources  and 
r e c r e a t i o n a l  p o t e n t i a l  i s  i n e v i t a b l e  and iminent.  
Much b a s i c  resources  d a t a  is urgent ly  requi red  t o  
f a c i l i t a t e  sound planning. 

De- 

Other  workers have s t u d i e d  ERTS imagery of  t h e  
d e l t a  from a geo log ica l  and hydrological  perspec t ive .  
The p resen t  s tudy  has  been s p e c i f i c a l l y  d i r e c t e d  a t  
mapoine veee ta t ion  tvoes  w i t h i n  t h e  d e l t a  and < .  

lerayly k n c e r n e d  w i t h  f i n d j  
lue t o  p l a n t  and animal ecol 
acted from t h e  imagery. To 
a t  

(11 It is  p o s s i b l e  t o  mar 
types  from t h e  image1 
p repa ra t ion  of a vegc 
dol f a  wh+ m h  a-nnci rlo~.: 

,ng what in format ion  o f  
log is t s  could be ex- 
date it has been found 

I broad vegeta t ion  . ..* 
d( 
w 

'y. T h i s  has enabled 
, t a t ion  map o f  t h e  

yp-Iy -.I_Y.. -Y..--l-- ab ly  r e f i n e s  e x i s t i n g  
maps. 

Imagery of  t h e  d e l t a  records t h e  state of 
t h e  system i n  a manner Which w i l l  f a c i l i t a t e  
long-term s t u d i e s  of  p l a n t  succession.  

Phenological  even t s  can be detected.  This  
may al low in fe rences  t o  be drawn about 
seasonal  movements of  animal populat ions.  

The imagery can be used t o  d e t e c t  and map 
wild fires. This  w i l l  be u s e f u l  i n  deter- 
mining t h e  role of f i re  i n  t h e  ecology of  
t h e  region. 

Using t h e  imagery it i s  t h u s  poss ib le  t o  map e x i s t i n g  ve- 
g e t a t i o n  and monitor both s h o r t  and long-term changes. 

T h a w  r e s u l t s  h e w  been rbtelned after a few mrntha rf 
work using only co lou r  composites o f  t h e  d e l t a  and without  
soph i s t i ca t ed ,  automated techniques of d a t a  e x t r a c t i o n  and 
ana lys i s .  They demonstrate t h a t  ERTS type  imagery can be 



a va luable  t o o l  t o  those  respons ib le  f o r  planning and 
managing t h e  e x p l o i t a t i o n  of n a t u r a l  resources  i n  the 
developing world. 

INTRODUCTION 

Botswana i s  a developing country i n  Southern Afr ica .  
an a rea  of 570 000 km2, much of  which i s  sandy, f e a t u r e l e s s  
tree and shrub savanna. 
people a r e  predominantly rural. The economy of  t h e  country 
has r e c e n t l y  been s t imula ted  by mineral  d i scove r i e s  but  i t  i s  
s t i l l  almost e n t i r e l y  p a s t o r a l  and a g r i c u l t u r a l  w i t h  a s i g -  
n i f i c a n t  f r a c t i o n  of  t h e  populat ion l i v i n g  a t  a subs i s t ance  
l eve l .  
ment ,  a r i d i t y  being amongst t h e  most important  of these. 

It has 

It i s  spa r se ly  populated and i t s  

Seve ra l  f a c t o r s  account f o r  t h i s  low l e v e l  of develop- 

The Okavango d e l t a  i s  a major water  resource  but ,  a l though it 
obviously has a p i v o t a l  r o l e  i n  t h e  f u t u r e  of Botswana, i t  
remains e s s e n t i a l l y  undeveloped. Its r i c h  fauna and f l o r a  a r e  
l a r g e l y  i n t a c t  and u n t i l  r ecen t ly  were u t i l i z e d  pr imar i ly  t o  
meet ind iv idua l  subs i s t ance  requirements.  The s u r v i v a l  of t h e  
d e l t a  i n  a r e l a t i v e l y  p r i s t i n e  condi t ion  is  probably a t t r i b u t a b l e  
t o  i t s  remoteness and t h e  presence of t h e  tsetse f l y  [Glossina 
Morsitansl  hos t  t o  t h e  trypanosome organisms which cause f a t a l  
d i s e a s e s  i n  man and h i s  domestic s tock.  However, t h i s  s t a t e  of  
a f f a i r s  i s  r ap id ly  changing. 
tourism and hunt ing a r e  inc reas ing .  
of t h e  tsetse f l y  w i l l  result i n  pene t r a t ion  of t h e  d e l t a  f o r  
p a s t o r a l  and poss ib ly  a g r i c u l t u r a l  e x p l o i t a t i o n .  The recent 
mineral  d i s c o v e r i e s  i n  Botswana mean t h a t  development of t h e  
Delta's water  resources  f o r  i n d u s t r i a l  purposes i s  i n e v i t a b l e  
and imninent. 

W i t h  improved communications, 
The p ro jec t ed  e rad ica t ion  

A t  t h i s  po in t  t h e  ecology of t h e  Del ta  i s  poorly understood and 
much environmental  d a t a  i s  u rgen t ly  requi red  i f  t h e  impending 
developments a r e  t o  be implemented on a sound bas i s .  

The entire Okavango Del ta  has been covered by ERTS imagery. 
The imagery has t h ' u s  f a r  been s tud ied  from t h e  pe r spec t ives  of 
geology [ A k e h u r s t ,  19731 and hydrology [Wilson, 19731. The 
main aim of t h e  p re sen t  s tudy  i s  t o  map broad vegeta t ion  types  
i n  t h e  Delta region. T h i s  o b j e c t i v e  was selected because, as 
pointed ou t  by Anderson e t  a 1  (19731, knowledge of t h e  d i s t r i -  
but ion and Importance o f  vege ta t ion  types  can be app l i ed  i n  a 
wide range of f i e l d s  such as p l a n t  ecology, hydrology, s o i l  
science,  meteorology, wi ld  l i f e  biology and management and l and  
use planning. 

VEGETATION MAPPING 

Only photographic ERTS-1 products  have been a v a i l a b l e  f o r  
t h e  vege ta t ion  mapping program. 
t a i l e d  i n  t h e  Table, are being used. 

A v a r i e t y  of products ,  de- 
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IOTOGRAPHIC PRODUCTS USED I N  OKAVANGO STUDY 

1. B l a c k  and White p a p e r  
p r i n t s ,  MSS Bandr A 

5 8 7. 

2. Black .and  Whi te  I 
p r i n t s ,  i n d i v i d u a l  MSS 
bands 

p a r e n c i e s  MSS bands 4, 
5 8 7. 

4. co 
P r  
8 

5. co 
P r  
8 

l o r  composi te  p a p e r  
i n t s ,  MSS bands 4, 5 
7. 

l o r  composi te  p a p e r  
i n t s ,  MSS bands 4, 5 
7. 

6. Color composi te  p a p e r  
p r i n t s ,  MSS bands 4, 5 
8 7. 

SCALE 

1:1 000 000 

1:l 000 000 

1:l 000 000 

1:l 000 000 

1:500 000 

1:250 000 

APPLICATION 

Annotat ion i n  t h e  f i e l d  

D e l i n e a t i n g  features ac- 
c e n t u a t e d  i n  i n d i v i d u a l  
bands 

D i f f e r e n t i a t i n g  color 
t o n e s  by t r a n s m i s s i o n  
densi tometry.  

I n t e r p r e t a t i o n  and 
mapping a t  t h i s  scale 

Mosaic f o r  f i e l d  work 
a i d  t o  i n t e r p r e t a t i o n .  

I n  t e r p r e  t a t i o n  and 
mapping a t  t h i s  scale. 

f o r  i d e n t i f y i n g  and d e l i n e a t i n g  v e g e t a t i o n  t y p e s  t h e  c o l o r  cdm- 
p o s i t e s  have proved markedly s u p e r i o r  t o  t h e  black and w h i t e  
p r i n t s ,  t h e  l a t t e r  b e i n g  used f o r  f ie ld  a n n o t a t i o n  s imply because 
t h e y  are less expens ive  t o  produce. 

Three  images have so f a r  been s t u d i e d  i n  d e t a i l  f o r  v e g e t a t i o n  
mapping. 
September  15, 1972 and ERTS-E-1055-08023 of  September 16, 1972. 
Image ERTS-E-1054-07565 which p o r t r a y s  a large p o r t i o n  of  t h e  
d e l t a ,  is reproduced as f i g u r e  I. 

These are NASA ERTS-E-1054-07565 and 1054-07571 of 
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FIG. 1 8 ERTS-image o f  the Okavango Delta. t 
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I n i t i a l  in terpretat ion o f  vegetation patterns was based on 
ground truth gathered by photographing vegetation on the 
ground a t  some 86 points i n  the del ta  and the adjacent semi- 
a r i d  areas. 

On the basis of t h i s  data a provisional vegetation map has 
been prepared f r o m  ERTS imagery i n  which s i x  habitat types 
are ident i f ied.  namely t i l  inundated swamp liil dried-up 
swamp (iiil closed woodland twoodland/savanna woodlandl, 
t iv l  open woodland [ t ree and shrubiscrub savannal. [VI mosaic 
o f  trees. shrub/scrub and grass. (vi1 grassland. The in te r -  
pretat ion and mapping has been checked by a i r c r a f t  over f l igh t  
and found t o  be substant ia l ly  correct. 

Carparison o f  f igures z ana 3 snows t na t  the map prepared 
from ERTS imagery consitutes a considerable refinement o f  
ex is t ing  vegetation maps o f  the region. 
map venetation tvDes are delineated w i t h  s ign i f i can t ly  more 

On the ERTS based 

deta i l  W S *  

I .- 
L mii preciyion thsn on ex is t ing  i 

FIG. 2 : Vegetation map prepared from ERTS imagery o f  the 
Oicavango b i t e .  
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FIG. 3 : Portion o f  Provisional Vegetation Map o f  Botswana 
by P.R. Wears and A. Yalala. 
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It i s  hoped t h a t  it w i l l  be p o s s i b l e  t o  f u r t h e r  r e f i n e  t h e  
map by a comparat ive s t u d y  of s e q u e n t i a l  imagery, t o  which 
I have n o t  y e t  had access. 
l ihood t h a t  t h e  s e q u e n t i a l  imagery w i l l  e n a b l e  two impor tan t  
d i s t i n c t i o n s  t o  be made. 
s e p a r a t e  areas t h a t  a r e  s e a s o n a l l y  f looded  from areas of 
permanent swamp. 
areas dominated by i n d i v i d u a l  s p e c i e s ,  such  as mopane [Colophos- 
permum mopanel . on t h e  b a s i a  of phenologica l  characteristics. 

T h i s  hope is based on t h e  l i k e -  

F i r s t l y  it should be p o s s i b l e  t o  

Secondly it should  be p o s s i b l e  t o  d i s t i n g u i s h  

FUTURE AREAS OF STUDY 

The a p p l i c a t i o n  o f  ERTS imagery i n  o t h e r  ways seems feasible 
and needs t o  be i n v e s t i g a t e d  i n  f u r t h e r  s t u d i e s .  
of c o n s i d e r a b l e  importance i s  t h e  fact t h a t  t h e  imagery re- 
c o r e s  t h e  v e g e t a t i o n  of t h e  d e l t a  i n  a way t h a t  w i l l  faci l i ta te  
long-term s t u d i e s  o f  p l a n t  success ion .  
b e f o r e  any major development or e x p l o i t a t i o n  of t h e  d e l t a  and 
i t  r e c o r d s  i m p o r t a n t  features. fo r  i n s t a n c e  t h e  wet land-upland 
boundary, very c l e a r l y .  
developments w i l l  i n d u c e  s u c c e s s i o n a l  changes. 
imagery of a la ter  d a t e  w i l l  r a p i d l y  r e v e a l  any d e g r a d a t i o n  or 
a d v e r s  

The  imagery also recoras phenologica l  events .  
s e a s o n a l  changes i n  v e g e t a t i o n  and t h e  d i s t r i b u t i o n  of s u r f a c e  
water it should  be p o s s i b l e  t o  draw i n f e r e n c e s  about  t h e  
s e a s o n a l  movements of  animal  populat ions.  

For example, 

The imagery was g a t h e r e d  

It  is almost c e r t a i n  t h a t  impending 
Comparison w i t h  

I r e s u l t  from such  developments.  

By o b s e r v i n g  

F i n a l l y ,  Wightman (19731 has  shown t h a t  ERTS imagery can be 
used t o  d e t e c t  and map wildf i res .  
time e n a b l e  t h e  compi la t ion  o f  a comprehensive r e c o r d  of 
burn ing  and p r o v i d e  a d e f i n i t i v e  I n s i g h t  i n t o  t h e  role of f i re  
i n  t h e  ecology of t h e  region.  

This w i l l  f o r  t h e  first 

SUMMARY AND CONCLUSION 

The p r e s e n t  s t u d y  has  been i n  p r o g r e s s  f o r  f i v e  months. It 
h a s  used no sophis t icated t e c h n i q u e s  of data e x t r a c t i o n  and 
a n a l y s i s .  
of t h e  Okavango d e l t a  have been improved and s t u d y  of  s e q u e n t i a l  
imagery i s  expec ted  t o  allow f u r t h e r  ref inement  of v e g e t a t i o n  
mapping. It  w i l l  very l i k e l y , b e  feasible t o  moni tor  bo th  
s h o r t -  and long-term changes i n  t h e  v e g e t a t i o n  o f  t h e  delta 
w i t h  ERTS t y p e  coverage. The ERTS system t h u s  e n a b l e s  t h e  
I n v e n t o r y  and surveillance of a key environmental  component. 

Using ERTS c o l o r  composites e x i s t i n g  v e g e t a t i o n  maps 
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This capabi l i ty  w i l l  c lear ly  enhance Botswana's a b i l i t y  t o  
manage i t s  natura l  resources. 
valuable t o o l  t o  those responsible for  planning and managing 
the explo i ta t ion o f  natural  resources i n  the developing nations. 

ERTS imagery can thus be a 
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