
Landsat looks at the Great Barrier Reef 
The Great Barrier Reef is 
the world's largest arid 
most complex aggregation 
of living coral. Some 400 
species of coral, over 
thousands of years, have 
given rise to 2000 
kilometres of reefs, 
from the coastal waters 
of Papua New Guinea 
to just south of the Tropic 
of Capricorn. 

It is no t a c o n t i n u o u s barrier, but a 

b r o k e n maze o f reefs and m o r e than 70 

cora l is lands (cal led cays) . I n p laces , it 

compr ises a series o f narrow ' r ibbon' reefs, 

w h i l e in the sou th it b roadens in to a vast 

wi lderness o f 'patch' reefs separated by 

w i n d i n g channe l s . 

S o m e 2 5 0 0 individual reefs — ranging 

in size f rom less than a hectare to m o r e 

than 100 square k i lometres — have b e e n 

mapped . M o s t o f t h e m are submerged , 

a l t hough l o w tide br ings large n u m b e r s 

in to v i e w . A l l are the accumula t ed skele

tal remains (largely c a l c i u m carbonate) o f 

s imple plants and animals and support a 

v e n e e r o f l i v i n g o r g a n i s m s , i n c l u d i n g 

m o r e than 1500 spec ies o f fish. 

T h e reef e c o s y s t e m is l iable to d a m a g e 

f rom m a n y quarters. P h e n o m e n a s u c h as 

c y c l o n e s and infes ta t ions o f c r o w n - o f -

thorns starfish recur f rom t ime to t ime . 

H u m a n in f luence , constant ly increas ing , 

p o s e s threats t o o . F i s h i n g , r e m o v a l o f 

shel ls and cora l as souvenirs , and p o l l u 

t ion f rom a n u m b e r o f sources c a n upset 

the ba lance . Careful m a n a g e m e n t o f the 

R e e f is needed , but there is a bas ic l ack o f 

k n o w l e d g e about its structure and life 

p rocesses , n o t to m e n t i o n uncertaint ies 

a b o u t t h e e f f e c t s o f e n v i r o n m e n t a l 

c h a n g e s . 

I n 1975 the Great Barrier R e e f M a r i n e 

Park Au thor i ty was created. T h e inten

t ion is that the Author i ty shou ld w o r k to-

w a r d s h a v i n g s e c t i o n s o f t h e R e e f 

progress ive ly declared part o f the Great 

Barrier R e e f M a r i n e Park. T h e Capr icor -

nia sec t ion o f the Park was p r o c l a i m e d 

t w o years a g o , and the Cai rns sec t ion last 

N o v e m b e r . T h e s e t w o areas take in the 
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m o s t heavi ly used parts o f the Reef . T h e 

Capr ico rn ia sec t ion , espec ia l ly , is sub jec t 

to great pressures because it is h igh ly ac

c e s s i b l e and c l o s e to ma jo r cen t res o f 

popu la t ion . 

R e s e a r c h t o h e l p 

A n u m b e r o f research b o d i e s are presently 

furthering o u r unders tanding o f the Reef . 

F o r e x a m p l e , the Aust ra l ian Insti tute o f 

M a r i n e S c i e n c e in T o w n s v i l l e is s tudying 

m a n y o f its env i ronmenta l and phys ica l 

p rocesses , and the Bureau o f Mine ra l R e 

sou rces carries ou t research into its g e o 

l o g i c a l evo lu t ion . 

T h e Univers i ty o f Queens l and , James 

C o o k Unive r s i ty , T o w n s v i l l e , and the 

Austral ian M u s e u m are undertaking basic 

research o n the Reef , and the CSIRO D i v i 

s ion o f O c e a n o g r a p h y studies the physi 

cal o c e a n o g r a p h y o f the ad jo in ing waters. 

Careful management of the 
Reef is needed, but there is a 
basic lack of knowledge. 

T h e Grea t Barrier R e e f M a r i n e Park 

Author i ty ( G B R M P A ) doesn ' t general ly 

carry ou t research itself, but it d o e s c o m 

m i s s i o n others to d o so . O n e s u c h re

s e a r c h p r o j e c t t h a t s h o w s e x c i t i n g 

pos s ib i l i t i e s o c c u p i e s sc ient i s t s at the 

CSIRO D i v i s i o n o f L a n d U s e Resea rch . 

T h e A u s t r a l i a n M a r i n e S c i e n c e s and 

T e c h n o l o g i e s A d v i s o r y C o u n c i l is c o n 

tr ibuting funds. 

D r D a v i d Jupp and co l l eagues M r K e v i n 

M a y o , M r s Sandra H e g g e n , and M r Stuart 

K e n d a l l a r e e m p l o y i n g c o m p u t e r 

m e t h o d s to investigate h o w Landsa t sat

el l i te pho tographs c a n b e used to identify 

characteris t ics o f the R e e f and to s h o w u p 

any long- t e rm c h a n g e s in its appearance. 

F o r e x a m p l e , D r Jupp wants to k n o w 

whether Landsa t c a n d is t inguish var ious 

e lements wi th in areas o f l a g o o n , sand, 

sh ing le bank, shoal , cay , cora l , and reef 

flat. N o b o d y k n o w s h o w m u c h o f this type 

o f i n f o r m a t i o n c a n b e ex t rac ted f r o m 

Landsa t p ic tures . E a c h o n e is actually a 

s u m m a t i o n o f four pic tures taken at dif

ferent wave leng ths ( two bands in the v is 

i b l e r e g i o n and t w o i n the infra-red) . 

C o m p u t e r t echn iques c a n b e used to en

h a n c e features in o n e or m o r e o f the bands 

to reveal prev ious ly h idden detail . 

O n e o f the disadvantages o f Landsa t is 

that its r e so lu t ion is l imi ted to the size o f 

the smallest p ic ture e l emen t (or ' p i xe l ' ) , 

c o r r e s p o n d i n g to an area o n the g r o u n d 

L a n d s a t ' s f o u r s e n s i n g b a n d s 

w a v e l e n g t h ( m i c r o m e t r e s ) 

T h e d e t e c t o r s a b o a r d L a n d s a t l o o k a t 

t h e e a r t h i n f o u r b a n d s r a n g i n g f r o m t h e 

v i s i b l e t o t h e i n f r a - r e d . 

E q u i p m e n t u s e d t o m e a s u r e a n d c r o s s 

c h e c k t h e b r i g h t n e s s o f f e a t u r e s s e e n b y 

L a n d s a t . W i t h o u t c o r a l t h e r e ' d b e n o R e e f . 
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Landsat satellite photographs 
can be used to identify 
characteristics of the Reef. 

about 80 metres square. A g a i n s t this mus t 

b e put the large area (185 k i l ome t r e s 

square) its cameras survey and the l o w 

c o s t o f ob ta in ing this imagery. A n Austra

l ian Landsa t r ece iv ing station has b e e n 

operat ing s ince N o v e m b e r 1979 , and a 

library o f Landsa t s c e n e s c o v e r i n g the 

Barrier R e e f area is b e i n g bui l t u p at the 

D i v i s i o n o f L a n d U s e R e s e a r c h f rom this 

source . 

C o m p a r e d w i t h the c o s t o f L a n d s a t 

t a p e s , p h o t o g r a p h y f r o m s p e c i a l l y 

e q u i p p e d a i rcraf t i s v e r y e x p e n s i v e . 

N e v e r t h e l e s s , M s D e b b i e K u c h l e r o f 

James C o o k Universi ty is w o r k i n g wi th 

D r Jupp and his team c o m p a r i n g Landsa t 

scenes wi th aerial pho tographs taken at 

1500 , 4 5 0 0 , or 9 0 0 0 metres . I n this way it 

w i l l b e poss ib le to w o r k ou t what part icu

lar features s h o w u p as reso lu t ion i m 

p r o v e s . I t m a y b e t h a t L a n d s a t 

Reefs the scientists know 

O n e o f the first steps D r Jupp and his c o l 

l eagues had to take was to d e c i d e w h i c h o f 

the hundreds o f reefs they shou ld p i c k to 

study. T h e c h o s e n reefs had to b e fairly 

we l l k n o w n , so that, wi thou t m u c h diffi

cul ty, any feature s h o w i n g u p o n a L a n d 

sat analysis o f it c o u l d , wi th a fair degree 

o f certainty, be attributed to k n o w n exist

i ng features or r e c o g n i z e d as an artefact o f 

the Landsa t imagery. (Artefacts can , for 

e x a m p l e , b e p r o d u c e d b y s m a l l c l o u d 

patches or even by haze.) 

A l s o , cases w h e r e different types o f land 

c o v e r p r o d u c e d very similar Landsa t sig

natures needed to b e readily r ecogn i zed . 

I m a g e - e n h a n c e m e n t t e c h n i q u e s c o u l d 

then b e used to make it easier to p i ck out 

the different land cover s . 

T h e scient is ts c h o s e the reefs l is ted 

here , as representative o f the southern, 

central , and nor thern z o n e s o f the Grea t 

Barrier Reef . 

H e r o n Is land Reef , wi th in the southern 

z o n e , was c h o s e n because p e o p l e use it 

e x t e n s i v e l y , a n d r e l a t i v e l y a b u n d a n t 

scient i f ic data have b e e n c o l l e c t e d at the 

Univers i ty o f Queens l and ' s research sta

t ion there. T h e m o s t s ignif icant h u m a n 

dis turbance has been the d redg ing o f a 

boat channe l th rough the reef. 

pho tographs as the m a i n source , and a 

smal ler quant i ty o f aircraft shots , w i l l 

prove to be the best means o f p rov id ing 

the i n f o r m a t i o n G B R M P A n e e d s for 

m a n a g e m e n t o f the Reef . T h e researchers 

are trying to find the best trade-off be

tween reso lu t ion and cos t . 

Extending knowledge 

Vast areas o f the R e e f remain largely un

k n o w n . A c c e s s to t h e m is by smal l boat 

on ly , and o n l y for br ief per iods dur ing the 

year c a n s u c h craft venture forth. T h e 

m o n s o o n s e a s o n p r e s e n t s d a n g e r s o f 

c y c l o n e s , and b ig seas and s trong south

easterly w inds normal ly affect the area 

dur ing m u c h o f the remainder o f the year. 

R e m o t e sens ing by satellite is therefore 

very attractive. 

T h e h o p e is that c o m p u t e r m e t h o d s c a n 

be used to transfer an exper i enced reef 

scientist 's k n o w l e d g e o f a small area o f 

the R e e f to other u n k n o w n areas that have 

the same Landsa t ' s igna ture ' . F o r e x 

ample , a pe r son wi th an int imate k n o w 

l e d g e o f o n e ree f c a n labe l par t icular 

c o l o u r s in an enhanced Landsat image o f 

it as c o r r e s p o n d i n g to l ive cora l , sand, 

vegetat ion, and so o n . T h e n , w h e n the 

Wistar i R e e f was c h o s e n for c o m p a r i 

son wi th H e r o n Is land Reef , as it is rela

tively undamaged by man . 

A research station run by the Univers i ty 

o f N e w Sou th W a l e s operates at O n e T r e e 

Reef , w h i c h the Bureau o f Mine ra l R e 

sources has also studied extensively , so 

this reef b e c a m e a subject for study t o o . 

H e r o n Is land Reef , O n e T r e e Reef , and 

Wistar i R e e f all l ie wi th in the p roc l a imed 

Capr icorn ia sec t ion o f the Grea t Barrier 

R e e f M a r i n e Park. 

same c o l o u r s (or signatures) s h o w u p o n 

areas o f u n k n o w n reefs, the c o m p u t e r c a n 

apply the same label l ing. 

D r Jupp, M r M a y o , M r s H e g g e n , and 

M r K e n d a l l have been w o r k i n g wi th M r 

R i c h a r d K e n c h i n g t o n o f G B R M P A and 

a n u m b e r o f reef scientists , i n c l u d i n g M r 

Wistari R e e f as seen by Landsat and 
enhanced by D r Jupp's g roup . 

W i t h i n the central z o n e o f the Great 

Barrier Reef , W h e e l e r R e e f and Dav ie s 

R e e f are access ib le and are be ing studied 

by scientists at the Austra l ian Institute o f 

M a r i n e S c i e n c e at T o w n s v i l l e and James 

C o o k Universi ty. 

B o r d e r i n g the d i v i s i o n b e t w e e n the 

central and northern zones is G r e e n Is 

land Reef . T h i s was selected for study be

cause use o f the reef flat has g iven rise to 

env i ronmenta l p rob l ems . H u m a n influ

e n c e o n G r e e n Is land R e e f w i l l b e c o m 

pared wi th that o n H e r o n I s land Reef . 

I n the nor thern z o n e , Carter and Y o n g e 

Reef s were adopted as examples o f r ibbon 

reefs. A l s o , they fo rm part o f the outer bar

rier, in contrast wi th the others c h o s e n for 

study, w h i c h are examples o f inner plat

fo rm reefs. M a r i n e scientists k n o w Carter 

R e e f we l l , it is easily access ib le , and it is 

serviced by the Austra l ian M u s e u m ' s re

search station at Lizard Is land. I n addi

t ion , there is a smal l research platform o n 

the reef itself. 

A r l i n g t o n R e e f was c h o s e n because o f 

its large area c o m p a r e d wi th the others. A 

large reef is easier to m a p by satellite than 

a smaller o n e because relatively fewer p i c 

ture e lements take in a mix ture o f differ

ent (border ing) land cover s . 
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T h e reefs s tudied 

southern region — Capricorn-Bunker 
area 

Heron Island 
Wistari Reef 
One Tree Reef 

central region — Townsville area 
Wheeler Reef 
Davies Reef 

northern region — Cairns-Cape Melville 
area 

Green Island 
Arlington Reef 
Lizard Island 
Carter Reef 
Yonge Reef 



D r Jupp and M r M a y o have devised a Bar
r i e r R e e f I m a g e A n a l y s i s S y s t e m 
( B R I A N ) to take the Landsat images and 
conver t t h e m to maps o f reef z o n e s . T h e 
maps s h o w e a c h type o f land c o v e r as a 
different c o l o u r . T h i s is h o w it's d o n e . 

T h e starting po in t — the Landsa t i m 
age — is m a d e u p f rom supe r imposed i m 
ages , e a c h in a different wave leng th band 
( two in the vis ible band and t w o in the 
infra-red). 

T h e image in e a c h wave leng th band 
c o m p r i s e s n u m e r o u s pic ture e lements or 
p ixe l s (a p ixe l co r responds to a pa tch o n 
the g r o u n d about 80 metres square) . E a c h 
p ixe l appears as o n e o f 6 4 shades o f grey, 
a c c o r d i n g to its br ightness in the partic
ular wave leng th band. 

A c o l o u r Landsat i m a g e c a n b e p ro 
d u c e d o n a v ideo screen by ass ign ing dif
ferent c o l o u r s to any three o f the four 
wave leng th bands , and supe r impos ing all 
three c o l o u r s . T h e result can b e m a d e to 
r e semble h o w the scene w o u l d l o o k to our 
eye ; but, m o r e often, a fa l se -co lour image 
is p r o d u c e d . 

I n the latter case , the infra-red band, for 
example , may be c o m b i n e d wi th the others 
to g ive a s t rong purple c o l o u r to certain 
c h o s e n land covers . T h e a im is to en
h a n c e the features o f s ign i f icance . 

L i v i n g vegetation shows u p mos t clearly 
w h e n the infra-red band is emphas ized . 
Algae -covered pavement areas o n reef r ims 
( w h i c h have been c o m p a c t e d by waves) 
are a l so p i cked ou t we l l wi th this treat
ment . I n other w o r d s , the 's ignature ' for 
an a lgae-covered pavement has a s t rong 
infra-red c o m p o n e n t . 

A major a im o f the scientists is to iden
tify the s igna ture o f e a c h o f the b i o 
l og i ca l l y s ignif icant z o n e s o n the R e e f so 
that, us ing the images p roduced , the c o m 
puter c a n m a p these zones clearly. 

O n e prerequisi te for success in this en
terprise is the ' r econc i l i a t ion ' o f Landsa t 
images taken at different t imes . T h e c o m 
puter is p r o g r a m m e d to c o m p a r e images 
and e l iminate variations due to angle o f 
the sun, c l o u d , tide height , wind , and other 
ephemeral inf luences . W h e n this has been 
d o n e , m a p p i n g c a n beg in . 

F o r this purpose, a person w h o has g o o d 
k n o w l e d g e o f a reef l o o k s at the Landsat 
scene o n a v i d e o screen and labels the dif
ferent areas presented to h i m by the c o m 
puter. T h e c o m p u t e r p i cks out those w i th 
dis t inct ive signatures. After c o m p a r i n g a 
n u m b e r o f different c o l o u r enhancemen t s 
(each wave leng th band is , in turn, g iven 
a s t rong c o l o u r ) , the scientists se lect o n e 
that s eems to best p i ck ou t the area in 
ques t ion . 

P ixe l s at boundar ies be tween land types 
n e e d to be p rocessed carefully, as they 
con ta in m i x e d signatures. T h e y are no t a 
strange third land type; rather, as D r Jupp 
no tes , they are ' m i x e l s ' , and the analysts 
have to dec ide to w h i c h type e a c h s h o u l d 
be assigned. 

T h e result o f ca rv ing u p the image o n 
the screen in to a small n u m b e r o f types is 
a c o m p u t e r l is t ing or c o l o u r m a p o f s imi
lar, a l though n o t ident ical , signatures for 
e a c h type. 

T h e c o m p u t e r has the task o f w o r k i n g 
ou t an average signature for e a c h type, 
and the a m o u n t o f variation f rom the aver

age that can b e encoun te red . It works out 
what over lapping c a n exist , and h o w fre
quently this is likely to happen in practice. 

It a lso estimates h o w best to specify the 
bounda r i e s b e t w e e n z o n e s o f different 
signatures — that is , the best threshold 
s ignature (where o n e z o n e ' s s ignature 
c h a n g e s to another zone ' s ) — so that a 
m i n i m u m o f reef is w r o n g l y label led. T h e 
pe rson familiar wi th an area may make 
fresh visits there to see what is c a u s i n g 
over lap o f signatures in particular cases . 

I n S e p t e m b e r 1 9 8 0 and M a y 1 9 8 1 , 
d u r i n g L a n d s a t overpasses c o i n c i d i n g 
wi th l o w tides, m e m b e r s o f the research 
g r o u p visi ted H e r o n Is land R e e f and car
r ied ou t f ie ld measu remen t s o f a tmos
pher ic c o n d i t i o n s and water propert ies 
u s i n g radiometers and infra-red p h o t o 
graphy o f e x p o s e d and sl ightly submerged 
cora l . T h e y also m a d e on-the-spot c h e c k s 
o f land c o v e r at 162 sites. T h i s informa
t ion was used to adjust the labe l l ing sig
n a t u r e s t o a c h i e v e t h e s h a r p e s t 
differentiation poss ib le be tween adjoin
ing reef zones . 

U n l i k e p rev ious Landsat- image-analy-
sis m e t h o d s , the B R I A N system has the 
c o m p u t e r learning to label areas i tself and 
even g iv ing itself a s co re for accuracy . 

T h e B R I A N m e t h o d for large-area inven

tory and m o n i t o r i n g . D . L . B . Jupp , 

K . K . M a y o , D . K u c h l e r , S. J. H e g g e n , 

and S. W . K e n d a l l . Proceedings of the Sec
ond Australian Remote Sensing Conference, 
Canberra, September 1981. 

T o u r i s m may damage the Reef . 

6 

How the computer analyses Landsat images 



L e n Z e l l o f G B R M P A , M s A n n e Bo th -
w e l l o f the Univers i ty o f Q ueens l and , and 
M s V i c k y H a r r i o t t o f t he A u s t r a l i a n 
M u s e u m . T h e scientists are b e c o m i n g in
c reas ing ly conf iden t that the c o m p u t e r 
c a n c o r r e c t l y l abe l u n k n o w n areas o f 
Landsa t images (see the b o x o n page 6 ) . 

Checking it out 

A c r o s s - c h e c k has been d o n e in w h i c h 
Landsat- label led areas o f H e r o n I s land 
R e e f were c o m p a r e d wi th the results o f an 
exped i t ion by boat (and o c c a s i o n a l l y o n 
f o o t ) to the Ree f . A t the m o m e n t the 
s c i e n t i s t s h a v e r e a s o n to b e l i e v e the 
labe l l ing is at least 9 3 % accurate for major 
l a n d - c o v e r c a t e g o r i e s — s u c h as c a y , 
l a g o o n , reef flat, reef r im , and reef front 
— and 7 6 % accurate for finer ca tegor ies 
wi th in these — s u c h as areas o f a lgae-cov
ered coral , and sha l low, m e d i u m , and deep 
l a g o o n s that have var ious c o m b i n a t i o n s 
o f sand and cora l patches . 

T h e y have f o u n d that, for Landsa t to 
provide useful in format ion about the finer 
ca tegor ies , the tide mus t be l o w (less than 
1•5 metres above its lowes t po in t ) and the 
a tmosphere reasonably c lear (less than 
three-eighths c l o u d c o v e r ) . U n d e r these 
c o n d i t i o n s , they have f o u n d Landsa t ' s 

Computer techniques can be 
used to reveal previously 
hidden detail. 

Carter and Yonge Reefs — northern 
outer-barrier reefs. 

infra-red bands very useful in d i sc r imi 
nat ing areas o f l iv ing cora l and z o n e s c o v 
ered by algae. Sand, sh ing le banks , and 
vegetat ion o n cays are a l so easi ly distin
g u i s h e d u s i n g these b a n d s . U n f o r t u 
nately, infra-red rays are rapidly absorbed 
by water, so l o w tides are a necess i ty . 

Wea ther patterns make the necessary 
c o m b i n a t i o n o f l o w tide and l o w c l o u d 
c o v e r fairly rare. A l s o needed for c lear i m 
ages are gent le w i n d s (so that the water 
surface is still) and the sun reasonably 
h i g h in the sky. A s wi th satellite images 
o f land, the direct l ight f rom the sun and 
the scattered l ight f rom the sky cont r ibute 
differently to the Landsat s ignal , and the 
effects o f the t w o mus t be separated in the 
c o m p u t e r analysis. 

A l t h o u g h Landsa t passes over any o n e 
po in t every 18 days, in s o m e years o n l y 
t w o or three o f the poss ib l e 2 0 overpasses 
may have the necessary l o w tide and g o o d 
weather . Never the less , a c o u p l e o f g o o d 
images usual ly provide sufficient data to 
reso lve a m b i g u o u s signals ( s u c h as may 
arise f rom an ep i sode o f turbid water) . 

N u m e r o u s images , w h e n available, al
l o w the scientists to track the m o v e m e n t 
o f sediments and f o l l o w the growth , or 
con t rac t ion , o f areas o f dead or damaged 
cora l . 

T h e scientists in tend to p r o d u c e an in
ventory o f features o f the u n k n o w n parts 
o f the Reef . T h e y also h o p e to p in-poin t 
p laces o n the R e e f where c h a n g e s appear 
to be o c c u r r i n g . I n this w a y G B R M P A 
c o u l d b e alerted to un toward happen ings 
in the R e e f ecosys t em. 

Andrew Bell 

More about the topic 

R e m o t e sens ing by Landsat as support for 
m a n a g e m e n t o f the Great Barrier Reef . 
D . L . Jupp, K . K . M a y o , D . K u c h l e r , 
S. J. H e g g e n , and S. W . K e n d a l l . Pro
ceedings of the Second Australian Remote 
Sensing Conference, Canberra, September 
1981. 

' A Cora l R e e f H a n d b o o k : a G u i d e to the 
Fauna , F lora , and G e o l o g y o f H e r o n Is 
land and A d j a c e n t Reefs and Cays. ' Ed . 
Patricia Mather and I s o b e l l Bennet t . 
(Grea t Barrier R e e f C o m m i t t e e : Bris
bane 1978.) 
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