
Paper E 6 

DETECTION, MAPPING AND ESTIMATION OF RATE OF SPREAD OF GRASS 
FIRES FROM SOUTHERN AFRICAN ERTS-1 IMAGERY 

J .  M .  Wightman, Research Officer, Forest Management Institute, Canadian Forestry 
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Abstract : 

Sequential band-6 imagery of the Zambesi Basin of 
southern Africa recorded substant ia l  changes i n  burn pat terns  r esu l t ing  
from l a t e  drj. season grass f i r e s .  One example from northern Botswa~a, 
iildicates t h a ~  a f i r e  consumed approximately 70 square miles of 
grassland over L 24-hour period. Another example from western Zambia 
indicates increased f i r e  a c t i v i t y  over a 19-day period. Other 
examples c lea r ly  define the area of widespread qrass f i r e s  i n  Angola, 
Botswana, Rhodesia and Zambia. 

From the f i r e  pat terns  v i s i b l e  on the sequential  
portions of the imagery, and the time in te rva l s  j.nvolved, the r a t e s  
of spread of the f i r e s  are  estimated and chinpared with est imates 
derived from experimer~tal burning p lo t s  i n  Zsmbia and Canada. ~t i s  
concluaed tha t  sequential ERTS-1 imagery, of t'.e qua l i ty  studied,  
c lear ly  prokides the  infcrmation needed t o  detect  and map grass 
f i r e s  and t o  monitor t h e i r  r a t e s  of spread i n  t h i s  region during the 
l a t e  dry season. 

In the dry t rop ica l  regions of eastern and southern Africa, 
the  t r ad i t iona l  pract ice  of grass burning during the  winter  dry 
season causes widespread destruction of vegetation and a l t e r a t i o n  of 
wildli5e habi ta ts .  The burning of grass is an in tegra l  component 
of sh i f t ing  cul t ivat ion and i s  therefore l ike ly  t o  p e r s i s t .  In 
these regions man makes use of f i r e  f o r  the  removal of primary o r  
secondary vegetation t o  i r i i t i a t e  o r  continue the  cul t ivat ion of 
subsistence crops. In more local ized s i tua t ions ,  gras. i s  of ten  
burned off  e i t h e r  t o  provide e a r l y  green grazing ?r t o  drive wild 
animals during the hunt. 

A l l  these instances of burning a re  normally aimed at the  
removal of  g r u s  o r  o ther  vegetation over very l imi ted  areas for  
individual requirements. However, d w  px Cmarily t o  the  o p t i n w  
burning conditions which prevai l  (strong hinds, high temperatures, 
and low humidity) pa r t i cu la r ly  during the  end of  the  dry season i n  
September and October, these f i r e s  inevitably s p m d  over v u t  areu.  
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The object  of t h i s  paper i s  t o  demor\%trate tha t  ERTF-1, 
band-6 imagery obtained near the end - f  the d r y  season over these 
regiwis is capable of detecting and mapping t h i s  widespread and 
ecologically-import an' phenomenon. Moreover, it also deillonstrates 
tha t  t h i s  type of sequential imagery can be used t o  monitor the 
increase i n  area of f i r e s  and t o  estimate t h e i r  r a t e s  cf spread. 

THE STIJDY AREA 

The 250,000-square-mi l e  stt*d's - '1 encompasses the uater-  
bned of the upper and middle port ionr ,. ' *r,< Lambezi River a ~ d  
includes p a r t s  of the  t e r r i t o r i e s  0:: 6 n r r  19, Botswana, Rhodesia, 
South West Africa and Zambia i n  sout! , Africa (Fig. 1 )  '&'he 
vegetation i s  coaprised of tropi.ca1, dry, deciduous, p a r t l y - ~ c l e r o p l + : ~ l l  
fo res t ,  xemphi l i c  open woodla~d, spiny shrub and grassland. I t  
is  an area  of low annual r a i n f a l l ,  ranging from 10 inches ( n o r t h e n  
Rotswana) to  30 inches (central  Zambia), which f a l l s  rluriny o period 
r m e l y  exceeding 5 R - 7 t h ~ .  The 7-month dry season nomal ly  exce:lds 
from April t o  October auring which no ra in  fa1  1s .  Temperatures 

0 range from extremes i n  excess of 100 F during October jus t  p r io r  
t o  the onset of the ra ins ,  t o  e w l i  ~.wrning f r o s t s  i n  the  middle 
ot' the winter dry season, normally i n  June. D iring September and 
October, winds tend to i n c r  ase and r e l a t i v e  humidity draps t o  
about 15 Fer cent. 

MTERIALS AVD METHODS -- 
Normti\, undodgud, posi t ive  transparencies of ERTS-1, 

band-6 imagery j~(,? ruged t o  1 : 1,000,000), obtained from the 
EROS Data Centre, ~ l o v i d e d  coverage (Fig. 2 :ad t a b l e  1) of the 
study area.  

From the  pss i t i ;  5 t ransparencier ,  contact internegatives 
were produced, from which paper o r i n t s  were prep, :ed. 

k i n g  r.$cember 1972, Loon a f t e r  acquis i t ion of . h e  
imager). a t  the  end cf Novembct 19i'Z. the  author was able t o  v i a i t  
areas on the ground ~ v e r . j d  by come of the imagery and. t o  ve r i fy  
sme of the in terpre ted p h e n ~ w n a .  

A l l  i n t e r p r e t a t i m  o f  the '20~:e~y was undertaken on the 
posi t ive  transparencies using a zoom s t t i reooape having a 7- t o  
30-times m g n ~ f i c a t i o n  capabi l i ty  . ,, - roc-vi swing ras pos: i b l  c on 
images frum adjacent Em-1 swaths (Fig. 2 and Tab's ?.I which 

.prcvided about 172 imgn side-lay between th.! l a t i t u i e ,  cdvered 
(approximately l P n 0 '  9 t o  20°0C'Sj. PYA., the  f i r e  pat terns  
apparent an sane sf tne  sequent.lnl portions 02 the imagery, an: 



Table 1 ERTS-1, band-6 coverage of study area. 

Ilaage Approximate 
centre point local time 

Image General Date of image 
Ref.-rence local i ty  1972 acquisition 

'-0 . Lat. Long. (hours! 

tag0 Coutinho, 14'31 (5  21°28'E 
Ango 1 a 

Saanga, Znb ia  1 ~ ~ 5 9  (5  22O32'~ 

bk~cussu, Angola 17O24'~ 22 '11~~ 
(including part  
of the Coprivi 
Str ip  of Sautb 
West Africa) 

Okavmgo, Swamps, 1 8 O ~ l * ~  2 ~ ~ 1 5 ' ~  
Botswana 

Chobe Gee Park, 18O49'~ 2 ~ ~ 1 2 ' ~  
Botswana 

Wankie G p . e  18'45 'S 26'08 * E 
Park, Rhodzsia 

Lake Kariba, 17°1-5'~ 27O58'E 
Zambia/Rhodesia 

Kafue River, 14O30'~ 2 ~ ~ 4 5 ' ~  
Zambia 

1 2  Sept. 

16 Sept. 

16 Sept. 

15 Sept. 

14 Sept. 

13 Sept. 

30 Sep t . 

14 Sept. 

3 O c t  . 

the time intervais  involved, the ra tes  of spread of the f i n s  
were estimated. These estimates were compared with ra tes  of spread 
of experimental grass f i r e s  derived from burning plots  i n  Zambia 
and Canada. 

Same of the imagery was subsequently enhmced electroni- 
cally i n  an attempt t o  accentuate the .ore svbtle aspects cf the 
burning patterns. 



RESULTS -- 
In general, the quality of a l l  the imagery w a s  excellent, 

and in fact  a l l  frames were ranked 8 b;r NASA on a 9-point scale of 
increasing inugs quality.  No cloul?s were evident on eight of the 
nine i n a e s ;  only the Lake Kariba iumge (No. 7) had 108 cloud ccver, 
and t h i s  w.u ent i rely confined t o  the south-west comer of the image. 
Some localired smoke haze resulting from active f i n s  w a s  evident 
on the Chobe 5~me Park image (No. 5) and the Kabompo/Kaoma image 
(No. 9). Portions of the area covered by image No. 9 wen seen by 
the author from the a i r  on S .December, 1972, and two suspected burns 
were vis i ted 2nd cor.firmed on the ground on 7 December, 1972. During 
these v is i t s ,  the ent i re  region was experiencing an exceptionally- 
loxg dry season, as  the onset of rains  was then a f u l l  month overdue, 
and active f i r e s  were still taking place. 

Thiq most s t r iking evidence of M active f i r e  on the imagery 
w a s  on ti- Chobe Game Park image P o .  5).  IYhen the image w u  obtained 
an 14 September at 0953.0 hwts local t h e ,  a f i r e  w a s  burning md  
can be seen in the l e f t  centre of the inage (Pig. 5, upper r ight) .  
Smke moving in r west-rauthwestorly direction can a l ro  be reen. On 
the Okrvmgo S w q s  h g e  (No. 41, acquired from the n u t  adjacent 
ERTS p u s  on 15 September at 0956.5 hours (exactly 24 hours, 5.5 
minutes la te r ) ,  there be seen a considerable areal extension in a 
wbsterly d i r ec t im  of patterns resulting from two lobes of the f i r e  
(Fig. 3, upper l e f t ) .  There w a s  no evidence of smoke on the 
IS September image, indicating that  the f i r e  had probably ceased 
some time during the 24-hmr interval.  There is portion of the 
westerly extension of the f i r e  that was not imaged because a t  these 
lati tudes,  only about 171 image side-lap w a s  available between 
adjacent ERTS-1 passes. By i n t e r p l a t i n g  between the burn patterns 
appearing on the sequential images, 5: was possible t o  estimate the 
to t a l  increase ili area of the two lobes (Fig. 3, lower centre). I t  
w a s  estimated that the northeimst f i r e  bm.ed approximated 29 
squue  milos, and by nuking rhe conservative assumption tha t  it 
burned during the ent i re  period between acquisition of the two images, 
i t  i s  estiaated that  t h i s  f i r e  spread rt the r a t e  of about 13 acres 
per ~rfnutcl.  By similu ca:culatims and msuiuptions, the southern- 
w s t  f i r e  b m e d  8pprO~imItbly 45 square miles, or  spread a t  the ra te  
of rbotlt 20 acres p r  minutel. 

'i8560 acres 
1445.3 minates 



These r a t e s  of spread can be compa:ed with those estimated 
from a 30-year-old experimental burning plot  near Ndola, Zambia, i n  
which each October, 11 acres burn i n  an average of 1 minute and 27 
seconds, lshich is equivalent t o  a r a t e  of spread of 7.6 acres  per  
mlnute. Similar test-bnrning s i t e s  i n  Canada indicate  t h a t  3 - to  4- 
foot grasses, a t  4% moisture content with a 19-mile-per-hour wind, 
would burn along a 400-foot f ron t  a t  a r a t e  of about 7 acres  per  
minute (Pers. comm. Dr.  Peter Kourtz). 

The patterns resul t ing from many f i r e s  can be seen on 
much of the imagery, and in another example, the  increase i n  area of 
these pat terns  has a l so  been monitored. When the  Kafue National Park 
imzge (No. 8) was obtained on 14 September a t  0949.5 hours local  time, 
a charac te r i s t i ca l ly  lobate burn pattern was c lea r ly  evident i n  the  
l e f t  centre of the  image (Fig. 9 ,  q p e r  r i g h t ) .  On the  Kabompo/Kaorna 
image (No. S) acquired from the adjacent ERTS pass on 3 October 
a t  0955.3 hours (exactly 19 days, 5.8 minutes l a t e r )  the  same burn 
pattern had increased in  s i z e  r i ~ m  about 7.5 square miles t o  about 
12.5 square mfles (Fig. 4, upper l e f t ) .  Areal increases of o ther  
bum patterns are  a l so  c lea r ly  evident in the  v ic in i ty  (Fig. 4, 
lower centre) . 

DISCUSSION AND CONCLUSiONS 

In the study area, the nature of the  climate is such t h a t  
cloud-free ERTS imagery i s  v i r t u a l l y  guaranteed from l a t e  April 
m t i l  the  end of October, and in fac t ,  during 1972, these cond i t ims  
pers is ted well i n t o  December. Moreover, conditions i n  the  region 
are  normally ideal  fo r  detecting and mapping pat terns  resu l t ing  
from grass f i r e s ,  because of the  great contrast  between the  inherent 
reflectance from burned and unburned grass land and the  f a c t  t h a t  
from June onwards deciduous t r e e  species are  without t h e i r  impeding 
foliage.  

With the imagery avai lable  it was unfortunately not 
possible t o  achieve complete sequential coverage of any s ing le  
e n t i r e  ERTS--? frame. However, sequential coverage over a 24-hour 
period was obtained for  some areas due t o  about 175 s idelap on the  
13th, 14th, and lSth of September (Fig. 3), and over a 19-day period 
on the 14th of September and the 3rd of October (Fig. 4). However, 
even w i t ?  the re la t ive ly  small portions of the  ground sequential ly 
covered, it was possible t o  monitor the  increase i n  area  and d i r e c t i m  
of mvement of recent and act ive  grass f i r e s ,  and t o  roughly estimate 
t h e i r  r a t e s  of spread. 

Given similar circumstances i n  terms of image qua l i ty ,  
cloud-free conditions and sequential coverage the re  is no reasan why 
ERTS-1 imagery could not be used t o  detect ,  map and m n i t c r  f i r e s  i n  



a variety of vegetation types in  temperate la t i tudes.  In northern 
Canada, for example, widespread f i r e s  occur in forest and tundra, 
urd although the frequency of cloud-free conditions is considerably 
less,  the greater image side-lap (571 a t  6 0 O ~ )  would provide more 
opportunities for sequential coverage a t  24-hour intervals.  

More imagery of the study area has been ordered, and it 
is ?aped t o  see haw f i r e  patterns are  obscured by deciduous t ree 
foliage and cloud on imagery acquired during the rainy season. 
Parallel studies with imagery from northern Canada are  also undernay. 



Fig. 1 .  Location Map of  study area. 

Fig. 2.  ERTS-1, band-5 coverage nf s=arly area. 
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