
Monitoring the health of the arid inland 
What is happening to Australia's arid and semi-arid land? 
Does it grow as much pasture as it used to? Is it eroding 
— and, if so, how badly? And are the native plant com
munities adequately conserved? 

Rangeland in good condition: open 
woodland near Alice Springs. 

A l t h o u g h range lands make u p m o r e 
t h a n 7 0 % o f t h e n a t i o n ' s a r e a , a n d 
a l though s tock first ran over parts o f t h e m 
130 years a g o , w e canno t yet fully answer 
these ques t ions — a state o f affairs that 
researchers at the C S I R O D i v i s i o n o f L a n d 
R e s o u r c e s M a n a g e m e n t are de te rmined 
to change . 

Dry land pastoral country presents its 
o w n particular cha l l enges to bo th graziers 
and scientis ts . N o b o d y p l o u g h s , fertilizes, 
or s o w s seed. Na t ive plants ( augumented 
by s o m e acc identa l al iens) make u p the 
on ly c r o p , grazing and fire the o n l y major 
too ls o f m a n a g e m e n t . 

I f t o o m a n y sheep or cattle feed o n the 
pasture, the plant c o m m u n i t y m a y g o into 
a d e c l i n e r e s e m b l i n g an e c o l o g i c a l 
s u c c e s s i o n in reverse: the c o m m u n i t y ' s 
c o m p o s i t i o n and p r o d u c t i v i t y c h a n g e , 
s o m e spec ies b e c o m e ext inct , and the soil 
may b e c o m e unstable . I n severe cases the 
changes m a y p rove irreversible, particu
larly i f e r o s i o n sets in and o n l y a handful 
o f unpalatable plants remain . 

In essence , these points are on ly too wel l 
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Old pictures and diaries give some 
insight into the land's former condition. 
This 1903 snap of a New South Wales 
property shows tall corkscrew grass, 
young and old poplar box, and burnt 
mulga and native pine. 

k n o w n to those w h o try to wrest a l iv ing 
f rom the arid and semi-arid z o n e ; but , for 
research purposes , broad qualitative gen
eralizations d o no t suff ice. I f scientists are 
to detect c h a n g e s in the 'health ' o f the 
rangelands before ser ious ' s ickness ' sets 
in , they mus t identify and measure the 
factors i nvo lved . 

T h e y m u s t f ind ways to record the ac
c u m u l a t e d k n o w l e d g e o f expe r i enced gra
ziers and agricultural advisers, in a fo rm 
that c a n useful ly b e passed o n to n e w 
c o m e r s . (It is all very we l l to read in an 
o l d diary that 'the country was a sea o f wire-
grass ' , bu t h o w m u c h was 'a sea'? A n d 
w h i c h species o f 'wire-grass' did the writer 
have in m i n d ? ) 

Scient is ts mus t teach pastoralists h o w 
to r e c o g n i z e the early symptoms o f a i l ing 
rangeland: to identify the key spec ies and 
learn their r e sponses to different grazing 
pressures and to different s ea sons . I n 
short, they mus t e n c o u r a g e the pastoralist 
to 'read the land ' . 

A recent S o u t h Austral ian interdepart
menta l w o r k i n g g r o u p inqui r ing into the 
State 's Pastoral Act c o m m e n t e d o n the 
'dearth o f knowledge ' about the arid lands. 
' T o a large extent ' , the g r o u p said in its 
report, ' w e d o n o t k n o w what resources 
these lands support and h o w they are af
fected by var ious land uses. ' Apar t f rom 
pasture, dryland areas serve forestry, water 
supply , m i n i n g , conse rva t ion , tour i sm, 
and other purposes . ' T h e r e is an urgent 
need ' , the report added, ' to create an in
ventory o f arid z o n e resources and deter
m i n e the ex tent , c a u s e , and nature o f 
degradat ion. ' T h e s e remarks apply wi th 
equal validity to the rest o f Austral ia 's 
rangelands. 

The state of the country 

F r o m cons ide ra t ions s u c h as these has 

arisen the idea o f ' range c o n d i t i o n ' . T h i s 

c o n c e p t w a s d e v e l o p e d in the U n i t e d 
States o f A m e r i c a , and different p e o p l e 
have def ined range c o n d i t i o n in different 
ways . 

D r A l l a n W i l s o n , the off icer- in-charge 
o f the D i v i s i o n o f L a n d R e s o u r c e s M a n 
a g e m e n t ' s l a b o r a t o r y at D e n i l i q u i n , 
N . S . W . , l ikes to define the c o n d i t i o n o f 
the land in terms o f its potential va lue . 
I f peop l e ' s use or m a n a g e m e n t o f an area 
has r educed that land 's potent ial , then its 
c o n d i t i o n has deteriorated. 

D r W i l s o n stresses that this def in i t ion 
has no th in g to d o wi th the n o r m a l f luc
tuations in product iv i ty that c o m e wi th 
favourable and p o o r seasons . A l l land, 
whatever its cond i t ion , has both g o o d years 
and bad. ' R a n g e c o n d i t i o n d o e s n o t refer 
to the a m o u n t o f forage g r o w i n g o n the 
land, or to the fatness o f the l ives tock ' , 
he explains. It is a statement o f h o w c lose ly 
a particular area approaches the best per
f o r m a n c e o f w h i c h that l a n d t ype is 
capable . 

It is all very well to read in 
an old diary that 'the country 
was a sea of wire-grass', but 
how much was 'a sea'? 

Just what per formance may b e expec ted 
o f the land depends , o f cou r se , o n the 
purpose to w h i c h it is b e i n g put, and for 
this reason D r W i l s o n insists that differ
ent scales for measur ing land c o n d i t i o n 
mus t be dev i sed to assess a site's suit
ability for different types o f land use . B y 
this p h i l o s o p h y , the ques t ion 'Wha t is the 

c o n d i t i o n o f this area o f rangeland? ' has 
n o s ingle answer . Overseas , range -con
d i t ion has b e e n var iously de f ined : in the 
Uni t ed States field workers assess it by 
est imating the extent to w h i c h the or ig i 
nal vegeta t ion has u n d e r g o n e e c o l o g i c a l 
c h a n g e , w h i l e S o u t h Afr icans prefer to 
assess it in terms o f the land 's capaci ty 
to carry s tock. 

D r W i l s o n argues that these approaches 
may serve pastoralists w e l l , but that o n e 
mus t a lways r e m e m b e r that the land 's 
suitability for s o m e other purpose , s u c h 
as recreat ion, tour ism, or conserva t ion , 
may b e qui te different. 

E v e n w h e n the land use has b e e n spec 
ified, a n u m b e r o f diff icult ies face the sc i 
entist sett ing ou t to devise a sca le for 
measur ing range c o n d i t i o n . F o r e x a m p l e , 
different land types o r areas wi th different 
cl imates respond in different ways to man ' s 
interference, and separate sca les may be 
needed for each . Fur thermore , the 'back
g round signal ' of, say, a d e c l i n e in the 
land 's c o n d i t i o n mus t b e d i s t inguished 
f rom the ' n o i s e ' caused by f luctuat ing sea
sons . T o make the task yet harder, grazing 
c o n t i n u e s all the t ime , and c a n n o t b e 
halted so that scientists can see wha t hap
pens . A n d researchers a lways face the 
p r o b l e m o f grappl ing wi th the h u g e size 
o f Austral ia 's rangelands. 

Plants come and go 

T h e sys tem o f pastoral land assessment 
used in A m e r i c a dates back to the s e c o n d 
decade o f this century. M r A . W . S a m p s o n 
sugges ted that w h e n a l and-owner no t i ced 
s o m e plants rep lac ing others h e k n e w he 
was grazing the land t o o intensively. T h e 
S o i l Conse rva t ion Serv ice o f the Un i t ed 
States D e p a r t m e n t o f A g r i c u l t u r e f o l -
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l owed u p this idea, and s o o n after W o r l d 

War I I M r E . J. Dyks terhuis , w h o laid the 

basis for cur ren t assessment m e t h o d s , 

def ined range c o n d i t i o n as ' the percent

age o f the present vegeta t ion w h i c h is 

or ig ina l vegeta t ion for that site ' . 

D r W i l s o n expla ins that the Dykster

huis sys tem d o e s no t satisfy Austra l ian 

needs . In the first p l ace , the Un i t ed States 

approach begs the ques t ion whe ther the 

or ig ina l vegeta t ion was necessar i ly 'best ' 

— a ques t ion w h o s e answer mus t d e p e n d 

o n the land use . In any case , in an area 

that has been settled and used for a l o n g 

t ime, scientists may have difficulty estab

l i sh ing just w h i c h plants did make u p the 

o r i g i n a l c o m m u n i t y , a n d i n w h a t 

p ropor t ions . 

In t roduced plant species create another 

obs tac le . T h e r e seems little po in t in c o m 

par ing the vegeta t ion o f a p i e c e o f A u s 

tralian rangeland wi th its supposed pre-

set t lement state i f the in t roduc t ion o f v ig

o r o u s e x o t i c spec ies , s o m e o f t h e m valu

able pasture plants, has guaranteed that 

the 'v irgin ' c o m m u n i t y can never be re

stored under natural cond i t i ons . 

T h e A m e r i c a n system can w o r k we l l 

— it g rew, after all, ou t o f field expe r i ence . 

Bu t the sys tem assumes that the ma in 

c h a n g e to rangeland involves the c o m 

posi t ion o f its plant communi t i e s , and that 

other important changes g o hand in hand 

wi th these shifts in vegetat ion. I n A u s 

tralia these assumpt ions do not always 

h o l d . M o r e o v e r , the A m e r i c a n sys tem ig

nores soi l e r o s i o n and — a vital c o n s i d 

erat ion in o p e n w o o d l a n d — does no t take 

trees in to accoun t . 

A l l in all, D r W i l s o n maintains that the 

c o n d i t i o n o f the land mus t no t b e though t 

o f as a prec ise quantity, s imply wai t ing 

for a researcher to c o m e a long and meas 

ure it wi th scient i f ic p rec i s ion . ' R a n g e 

c o n d i t i o n is a c o n c e p t , l ike s u c c e s s i o n ' , 

h e says. ' Y o u canno t tie it d o w n mathe

mat ica l ly ; it o c c u r s in so many different 

forms. ' 

These saltbush plants cannot recover. A 
dry season and heavy grazing have 
destroyed them. Given a chance, new 
plants will grow from seed. 

This soil erosion in the Alice Springs 
district was not necessarily caused by 
overgrazing, but may be a natural 
feature of this landscape and vegetation. 
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The land's attributes fall in 
three categories: vegetation, 
soil, and productivity. 

Deciding what to measure 

I f range c o n d i t i o n is such a s l ippery ent
ity, h o w then c a n y o u measure it? A c c o r d 
ing to D r W i l s o n , y o u draw u p a list o f 
the site's characteris t ics , usual ly referred 
to as attributes, and rank t h e m in an order 
o f impor t ance that wi l l depend o n the land 
type and the use to w h i c h it is to be put. 

T h e land ' s attributes fall i n to three 
ca tegor ies : vegeta t ion, so i l , and p r o d u c 
tivity. T y p i c a l vege ta t ion attributes in
c l u d e t h e c o m p o s i t i o n o f t h e p l a n t 
c o m m u n i t y , the d e n s i t y o f t r ees and 
shrubs, and the extent o f c o v e r afforded 
by smaller plants. T h e vegeta t ion beg ins 
to s h o w the impac t o f grazing or other use 
before either soi l o r product ivi ty , and is 
the easiest to measure . 

A soi l ' s attributes inc lude its structure 
and fertility, whe ther it is e rod ing (and, 
if s o , h o w fast), and whe ther the surface 
has d e v e l o p e d a crust. 

Product iv i ty may be assessed in terms 
o f the n u m b e r o f animals that the land 
supports , the quali ty o f the forage it p ro
d u c e s , its ability to withstand d rough t , its 
value as wi ld l i fe habitat or for t ou r i sm or 
the conse rva t ion o f rare plant and an imal 
spec ies , o r even (if it forms part o f a ca tch
m e n t area for water supply) the a m o u n t 
o f water it y ie lds . 

S o i l e ro s ion , D r W i l s o n emphas izes , 
mus t always be g iven the top priority (the 
extent and rate o f so i l e ro s ion in Austral ia 
were desc r ibed in Ecos 2 5 ) . L a n d use wi l l 
de termine w h i c h attribute to put nex t o n 
the list. 

H o w in prac t ice , then, d o y o u set about 
assess ing the c o n d i t i o n o f a part icular 
rangeland property? T o answer this ques 
t ion , let us l o o k in m o r e detail at o n e 
widespread type o f pasture land, the blad
der sa l tbush (Atriplex vesicaria) c o m m u 
nity, and let us start by cons ide r ing h o w 
to arrive at a measuremen t (often ca l led 
an index) o f the vegetat ion. 

Assessing saltbush country 

In general , y o u can make t w o measure 
ments o f the plants: qualitative and quan
titative. A qualitative approach invo lves 
recording w h i c h species o c c u r in the study 
site; y o u c a n make it semi-quanti tat ive by 
r e c o r d i n g e a c h o n e ' s f r e q u e n c y o f 
o c c u r r e n c e . 

What teeth and hooves can do: severe 
degradation around a drinking trough. 

F o r a fully quantitative index , y o u mus t 
measure s o m e feature o f the plants, s u c h 
as their b iomass ( h o w m u c h they w e i g h ) , 
or — m o r e s imply — h o w m u c h they c o n 
tribute to the total cover . T h e quantitative 
measures s e e m m o r e prec ise , but unfor
tunately they are a lso m o r e sensi t ive to 
grazing, and so researchers have r e c o m 
m e n d e d that in bladder saltbush coun t ry 
y o u shou ld measure e a c h spec ies ' c o n 
tr ibution to the cover , but o n l y dur ing 
per iods o f l ight grazing. 

A l t h o u g h c h a n g e s in the vege ta t ion 
make u p o n e o f the mos t striking and rapid 
results o f heavy grazing, the c o n d i t i o n o f 
the land may we l l h inge far m o r e o n the 
stability o f the so i l . A p a d d o c k may l o o k 
grazed to exhaus t ion , but, p rov ided the 
soil has not b e g u n to erode, it may no t have 
suffered any i r revers ib le d a m a g e and , 
g iven g o o d rains and w i s e managemen t , 
the land may w e l l recover . 

O n c e e ro s ion sets in, howeve r , the soi l 
loses bo th those vital nutrients that were 
he ld in the top layers and its capaci ty to 
h o l d a g o o d p ropor t ion o f the water re
ce ived in a d o w n p o u r . Light-textured soils 
w a s h away, and ' dup l ex ' soi ls ( those in 
w h i c h o n e type o f earth over l ies another 
contrast ing o n e ) b e c o m e sca lded — that 
is, they l o s e their fertile, p o r o u s upper 
layer, e x p o s i n g an infertile, hard n e w sur
face that takes in little water and supports 
sparse, p o o r vegetat ion. 

In order to j udge whether a particular 
paddock has b e g u n to e rode , y o u mus t 
devise an i n d e x appropriate to that so i l 
type. S o m e t i m e s the ratio o f plant c o v e r 
to bare, e roded g round provides a satis
factory measure ; some t imes y o u wi l l need 
to assess s u c h symptoms o f e ros ion as rills, 
gul l ies , and 'pedestals ' o f h igher soi l o n 
w h i c h tussocks o f grass g r o w , sur rounded 
by lower , m o r e eroded, so i l . 

In N e w Sou th W a l e s , researchers are 
testing t w o measures : the p ropor t ion o f 
the surface area that has suffered sheet 

Saltbush in good condition (left) and 
eaten out. Both paddocks can carry the 
same density of sheep and produce 
equally good wool, but the one on the 
right is more likely to erode and lose 
productivity. 

e r o s i o n ( loss o f the upper layer) or scald
ing , and the extent o f those s y m p t o m s l ike 
rills and gul l ies . Sca ld ing affects saltbush 
count ry ; sheet e ros ion , ril ls, and gul l ies 
o c c u r in savannah w o o d l a n d s . 

T h e p rocedure for assessing sal tbush 
and b luebush country (col lect ively k n o w n 
as c h e n o p o d shrublands) is be ing devised 
and tested by co l labora t ing teams o f re
searchers f rom the Sou th Austra l ian Pas
toral Board , the N e w S o u t h Wale s So i l 
C o n s e r v a t i o n S e r v i c e , and the C S I R O 
D i v i s i o n o f L a n d R e s o u r c e s M a n a g e 
ment . A l t h o u g h the details remain to b e 
w o r k e d out , w e can picture fairly clearly 
h o w a l and-owner or an adviser wi l l set 
about quant i fying the c o n d i t i o n o f a par
ticular property. 

F o r a really t h o r o u g h examina t ion o f 
the property, the assessors w o u l d measure 
the vegeta t ion and other attributes at five 
sites in every paddock . In prac t ice , there 
wi l l probably not be e n o u g h t ime or people 
to permi t this, and so e a c h p a d d o c k (or 
as m a n y as pos s ib l e ) w i l l r ece ive a general 
survey, c o m p l e m e n t e d by measurements 
at just o n e o r t w o carefully c h o s e n sites. 

F r o m the survey, an expe r i enced as
sessor w i l l ascertain the present c o n d i t i o n 
o f the land; then repeated measurements 
in subsequent years w i l l p inpo in t changes 
— in particular, g iv ing early warn ing o f 
any deteriorat ion. 

If maps o f the land systems mak ing u p 
the property are available, the assessors 
wi l l consu l t these before se lec t ing w h i c h 
paddocks to survey. Fa i l ing maps , a pre
l iminary study o f the dis t r ibut ion o f the 
land types w i l l d o ; the p a d d o c k s studied 
s h o u l d i n c l u d e at least o n e in e a c h ma in 
land type. 

In m a k i n g their general survey o f a pad-
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The 'background signal' of a 
decline in land's condition 
must be distinguished from 
the 'noise' caused by good 
and bad seasons. 

d o c k , the assessors wi l l ' s co re ' the land 

o n three c o u n t s : the c h e n o p o d shrubs, 

perennia l forage plants, and quali ty o f the 

soil surface. E a c h o f these attributes c o u l d 

be given a rating o n , say, a five-point scale : 

exce l len t , g o o d , fair, p o o r , or very p o o r . 

I f they are to m e a n anything to p e o p l e in 

the future, these ca tegor ies mus t be pre

c i se ly def ined. In the past, s u c h survey 

es t imates , u s i n g i l l -def ined ca t ego r i e s , 

have p roved o f little value. 

Lines and transects 

T h e assessors wi l l g ive careful t hough t 

to c h o o s i n g the i r m e a s u r e m e n t s i t es . 

T h e s e sites w i l l cont r ibute e n o r m o u s l y , 

no t o n l y to the ratings that this p a d d o c k 

rece ives w h e n the land is first e x a m i n e d , 

but a lso to the impress ion that assessors 

obta in over the years o f any c h a n g e s in 

the land 's c o n d i t i o n . T h e sites s h o u l d no t 

suffer heavy s tock movemen t s , and should 

therefore b e at least 1•5 k m f rom any 

watering point , and away from fence-l ines. 

T h e a s s e s s o r s w i l l p r o b a b l y m a k e 

measurements o f plant canopy cover a long 

a 5 0 0 - m transect, push ing a long the l ine 

a w h e e l bear ing several spikes. A s a spike 

t ouches the g round , the assessors record 

what spec ies is g r o w i n g at that point . T h e 

spike may land o n bare soi l , in w h i c h case 

the assessors w i l l no te its state — for ex

ample , whe ther it is scalded. 

M e a s u r i n g the density o f bushes w i l l 

require a transect abou t 100 m l o n g and 

1 m or m o r e w i d e . 

T o c o m p l e t e their r ecord of the specia l 

study sites, the assessors wi l l take several 

pho tographs , f o l l o w i n g a standard pro

cedure . Al ready State gove rnmen t offi

cers in S o u t h Austral ia have establ ished 

s o m e 7 0 0 ' pho topo in t s ' , marked by posts , 

at w h i c h p ic tu res are regular ly taken, 

partly to c o m p l e m e n t other in format ion 

o n changes in the landscape brought about 

by ' seasonal or m a n a g e m e n t in f luences , 

and partly for the impac t they can br ing 

to an e x t e n s i o n o f f i c e r ' s r e c o m m e n 

dat ions . 

After a p a d d o c k has been e x a m i n e d in 

this way, it w i l l be awarded separate rat

ings for shrubs, forage, and soi l . Just h o w 

Dr Wilson suggests that anybody 
wishing to assess land's condition must 
choose from among these attributes. 
Which ones are emphasized will depend 
on the use to which the land is put: 
grazing, wildlife conservation, or water 
catchment, for example. 

Rangeland properties 

A u s t r a l i a ' s r a n g e l a n d s c o n t a i n 

about 4 0 0 0 propert ies , with an aver

age size o f s o m e 500 sq k m . M o s t 

fall o n the smal l side o f the average; 

typically, a sheep station o c c u p i e s 

2 0 0 sq k m , a n d a ca t t l e s t a t ion 

12 0 0 0 sq k m . A l m o s t all the land 

is leased f rom State government s 

for 40—50 years. T h e r e are virtually 

n o , f e d e r a l l y o w n e d , o r c o m m o n 

lands. E a c h State retains o w n e r s h i p 

o f the arid lands wi th in its borders , 

and the responsibi l i ty for manage 

ment rests wi th o n e o r m o r e State 

agenc ies . 

these three ratings are c o m b i n e d into o n e 

final s c o r e remains to b e d e c i d e d . R e 

searchers say it w o u l d be m e a n i n g l e s s 

s imply to average the three f igures, as the 

importance o f e a c h attribute wi l l vary from 

place to p lace . T h e stability o f the soi l 

s h o u l d a l w a y s r e c e i v e t h e h e a v i e s t 

we igh t ing . 

In order to el iminate the relatively short

l ived effects o f varying seasons , the re

searchers s u g g e s t that the s tudy sites 

shou ld always b e compared wi th a 'ref

e r e n c e area ' . I n the U n i t e d States o f 

A m e r i c a , w h e r e this idea or ig ina ted , a 

reference area cons is t s o f a p i e c e o f land 

o f the same type as the study site, f enced 

o f f against s tock . 

A u s t r a l i a n p a d d o c k s g e n e r a l l y l a c k 

fenced-of f sec t ions , and in any case sc i 

entists have s o m e reservations abou t the 

value o f e l imina t ing s tock entirely f rom 

a reference area, as the vegeta t ion may 

b e c o m e s e n e s c e n t or o v e r g r o w n w i t h 

shrubs. 

W h e r e c h e n o p o d s g r o w , the reference 

area c o u l d b e a l ight ly grazed site, say 5 

k m from a water h o l e . In saltbush country, 

particularly, w h e r e their f o o d con ta ins 

qui te large amoun t s o f salt, the animals 

general ly graze o n l y l ightly land that is 

far f rom water. 

In Wes te rn Austral ia, the State Depar t 

men t o f Agr i cu l tu re has been d e v e l o p i n g 

m e t h o d s for assess ing range c o n d i t i o n for 

s o m e 12 years. D u r i n g the cou r se o f large-

scale surveys o f the State's pastoral re

sources , f ield workers c o m p a r e the so i l 

and vegeta t ion wi th agreed standards for 

the land systems be ing e x a m i n e d , and 

c o m e u p wi th scores for bo th e r o s i o n and 

pasture c o n d i t i o n . F r o m these scores the 

assessors c a n ass ign each land sys tem to 

a range c o n d i t i o n ca tegory . 

T h e s e assessments have been used in 

d rawing u p r e c o m m e n d a t i o n s o n s u c h 

m a n a g e m e n t matters as s tock-car ry ing 

capaci t ies , f enc ing , and even the wi th

drawal o f badly affected land f rom use to 

a l l ow it to r ecover . 

H e r e , t o o , reference areas o r ' b e n c h 

mark sites' w i l l provide a measure o f the 

effects o f c l ima te over the years. B y ref

e rence to these sites, the Western A u s 

t ra l ian f i e l d w o r k e r s w i l l b e ab l e to 

dist inguish be tween seasonal variation o n 

the o n e hand, and, o n the other, changes 

in range cond i t i on due to managemen t 

Landsat picks up light of a wide range 
of wavelengths. As infra-red is invisible, 
scientists represent it by a visible 
colour, and shift other colours 
accordingly. 
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pract ices . Assesso r s wi l l m o n i t o r trends 

in c o n d i t i o n at f ixed sites, w h e r e they w i l l 

r e c o r d the p lan t c o m m u n i t y ' s s p e c i e s 

c o m p o s i t i o n , and measure plant densi ty 

and vegeta t ion cove r . 

S i m i l a r p r i n c i p l e s w i l l g o v e r n the 

assessment o f other types o f rangeland, 

but the detailed procedure must be worked 

ou t separately in e a c h case . Researchers 

f rom the N e w S o u t h Wale s So i l C o n s e r 

vat ion Serv ice and C S I R O are d rawing u p 

s u g g e s t i o n s for s e m i - a r i d w o o d l a n d s . 

H e r e , heavy grazing leads to an invas ion 

o f ined ib le shrubs, and the land 's c o n 

d i t ion w i l l perhaps b e expressed ma in ly 

in terms o f tree and shrub c o v e r and the 

degree o f soi l e ros ion . 

Cattle country 

F o r cattle count ry in central Austral ia , an 

assessment too l ca l l ed S T A R C (Stand

ards for T e s t i n g and A s s e s s i n g R a n g e 

C o n d i t i o n ) has been deve loped by m e m 

bers o f t w o Nor the rn Terr i tory agenc ie s 

(the Depar tmen t o f Primary P r o d u c t i o n 

and the L a n d Conse rva t ion Un i t o f the 

Conservat ion C o m m i s s i o n ) and the CSIRO 
D i v i s i o n o f L a n d R e s o u r c e s M a n a g e 

m e n t at A l i c e Spr ings . 

A b o u t one- third o f all the propert ies in 

the A l i c e Spr ings district have n o w been 

Each paddock will receive a 
general survey, with 
measurements at just one or 
two carefully chosen sites. 

assessed us ing S T A R C , w h i c h invo lves 

analysing the c o m p o s i t i o n o f the plant 

c o m m u n i t y f o u n d at each study site. E x 

tens ion officers o f the Depa r tmen t o f Pri

mary P r o d u c t i o n , w h o have used S T A R C 

w h e n examin ing properties, see it as a too l 

that he lps assessment , and therefore ul

timately management , but have found that 

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

c o m p l e m e n t i n g . 

M o d i f i c a t i o n s are required because , as 

it h a p p e n e d , S T A R C w a s d e v e l o p e d 

dur ing a run o f g o o d seasons . S i n c e then 

the district has exper i enced drier weather ; 

p ioneer and c o l o n i z i n g spec ies make u p 

a larger p ropor t ion o f the vegeta t ion, and 

perennial grasses have dec l ined . 

T h e present S T A R C scales therefore 

give a mis leading impress ion o f the range's 

c o n d i t i o n after a dry spell . T h e Depar t 

men t o f Pr imary P roduc t ion , in a j o in t 

projec t wi th the D i v i s i o n o f L a n d R e -

A spiked wheel helps sample the 
vegetation along a transect. 

sources M a n a g e m e n t , in tends to carry out 

the necessary research to adapt the sys tem 

for the c o n d i t i o n s that prevail dur ing and 

s o o n after d rought . 

In the revised S T A R C , as in the scales 

be ing deve loped for c h e n o p o d shrublands 

and semi-arid w o o d l a n d s , assessments o f 

bo th shrubs and so i l w i l l c o m p l e m e n t for

age indices . Assessors in the A l i c e Springs 

district have found that s imply measur ing 

the b iomass percentages o f fodder plants 

does not g ive a full e n o u g h picture o f the 

state o f the land. 

How Landsat can help 

Every set o f measurements takes up a great 

deal o f t ime — and still leaves the p r o b l e m 

that the site c h o s e n may no t typify the 

p a d d o c k under study. In arid count ry , o n e 

paddock may o c c u p y m o r e than 100 sq k m . 

Ar id zone researchers are therefore keen 

to d e v e l o p satisfactory ways o f es t imat ing 

vegeta t ion c o v e r and the extent o f soi l 

e ros ion . 

Aer ia l pho tography has p roved a useful 

too l , g iv ing impress ions o f entire prop

erties and he lp ing wi th m a p p i n g — for 

e x a m p l e , o f land sys tems; but the regular 

orbits o f the Landsa t satellite p rovide a 

steady stream o f in format ion that, i f it can 

be suitably interpreted, m a y prove o f c o n 

siderable value for the m a n a g e m e n t o f 

Austral ia 's in land propert ies. 

T h e earth's surface acts as a partial 

mirror , ref lect ing s o m e wave lengths o f 

Range condition is a concept; 
you cannot tie it down 
mathematically. 

sunl ight u p into the sky. A s Landsat passes 

overhead, its o w n mirror scans to and fro, 

r ece iv ing the l ight reflected f rom a strip 

o f the planet 's surface that l ies adjacent 

to the strip surveyed dur ing the satellite 's 

previous orbit . In this way Landsa t ' l o o k s 

at' every p o i n t o n the planet o n c e every 

18 days. 

T h e satellite's mirror reflects the l ight 

it rece ives o n t o e q u i p m e n t that r e sponds 

to four bands o f wave lengths , conver t ing 

the energy o f these wavelengths in to radio 

s ignals p i c k e d u p b y tracking stations o n 

the g round . T h e Austra l ian station is at 

A l i c e Spr ings . 

F r o m these s ignals , scientists r econ 

stitute the i m a g e ' seen ' by Landsat . B e 

cause two o f the bands o f wave leng ths 

measured by the satellite l ie in the infra

red, and therefore canno t b e seen by the 

h u m a n e y e , s c i e n t i s t s c o m p i l e t h e i r 

Landsat images in 'false c o l o u r s ' : they may 

represent infra-red as red, and ob jec t s that 

to the satellite appeared red may c o m e o u t 

o n a Landsa t picture in green, and so o n . 

T h e result ing g lossy , co lour fu l prints 

make striking wal l displays — but h o w 

can they h e l p managemen t? 

T o b e o f use , the images m u s t c o n v e y 

va luab le i n f o r m a t i o n a b o u t the l and ' s 

c o n d i t i o n . I n other w o r d s , if Landsa t ' s 

images can tell us the extent o f vegeta t ion 

cover and any other attributes that asses

sors study o n the g round , then the sat

ellite c o u l d prove a major too l in rangeland 

assessment . 

Before they c o u l d translate a Landsa t 

image into shrubs and so i l , researchers 

had to find o u t h o w m u c h l ight , in e a c h 

o f the four w a v e l e n g t h bands Landsa t 

uses , b o u n c e d back o f f the different k inds 

o f surface f o u n d o n a pastoral property. 

T o d o this they used a hand-held radi

ometer , an ins t rument that recorded the 

amounts o f l ight it received in those bands. 

Down to earth 

By h o l d i n g the radiometer in turn over 

bare so i l , sparse vegeta t ion , dense cove r , 

and so o n , D r D e a n Graetz o f the D i v i s i o n 

o f L a n d R e s o u r c e s M a n a g e m e n t f o u n d 

that the sort o f information needed for land 

assessment c o u l d b e extracted f rom just 

t w o o f the wave length bands (numbered 

5 and 7 ) ; the other two bands virtually 

dupl ica ted this informat ion . 
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channel 5 
Bare red soil reflects light brightly; the 
darkest images come from shadows, 
from dark rocks, and from places 
completely covered in vegetation. 

T h e scientists examined s o m e 4 0 0 sites. 

E a c h type o f land reflected l ight in a par

ticular way, characterist ic o f that type o f 

l and in that c o n d i t i o n . W h e n the re

searchers p l aced e a c h site o n a graph, 

p lot t ing the strength o f l ight reflected in 

band 5 against that reflected in band 7, 

they found that all the sites fell m o r e or 

less into a triangular pattern. 

Just where in that triangle o n e site ended 

u p depended essential ly o n t w o factors: 

the p ropor t ion o f bare soi l and the green

ness o f the vegeta t ion (see the d iagram) . 

T h e D i v i s i o n organized an even m o r e 

c o m p r e h e n s i v e cal ibrat ion o f Landsat ' s 

imagery last s u m m e r , w h e n researchers 

visi ted 43 sites in Sou th Austral ia, west 

o f B roken H i l l . A t e a c h site they took 

rad iomete r read ings and m e a s u r e d the 

ratio o f vegeta t ion c o v e r to bare so i l , the 

amoun t o f plant litter, and the extent to 

w h i c h l i c h e n encrus ted the so i l — li

c h e n ' s ref lectance is m u c h l ike that o f 

saltbush. In addi t ion, every plot was p h o -

There is an urgent need for 
an inventory of arid zone 
resources. 

tographed f rom an altitude o f 3 0 0 - 5 0 0 

m . 

T h e researchers made these measure

ments o n or about 17 D e c e m b e r , w h e n 

Landsa t passed over the area. Unfor tu

nately the satellite's v i e w o f the g round 

that day was o b s c u r e d by c l o u d , but n o 

s u c h p r o b l e m marred the f o l l o w i n g orbit , 

o n 4 January. A s the in tervening pe r iod 

had been free o f rain, the state o f the land 

had remained virtually the same, and the 

researchers are n o w analysing the mass 

o f in format ion c o l l e c t e d in the field and 

ma tch ing it against the Landsat pictures 

o f 4 January. 

A m o n g other things, the scientists want 

to sort o u t exact ly what in f luence the at

m o s p h e r e exerts o n the Landsat i m a g e : 

it seems that the air absorbs s o m e o f the 

wavelengths registered by the satellite, but 

no t others . 

T h e m o r e c lues a detect ive examines , 

the m o r e c o m p l e t e his recons t ruc t ion o f 

the scene o f the c r ime wi l l be . L i k e w i s e , 

scientists a u g m e n t satellite pictures wi th 

other in format ion : for example , Landsa t 

tells y o u h o w m u c h vegetat ion is g r o w 

ing, but by taking into a c c o u n t the t ime 

o f year and recent rainfall f igures y o u can 

d e d u c e h o w m u c h o f that fo l iage is per

ennial and h o w m u c h mus t be ephemera l . 

N o n e t h e l e s s , Landsa t can tell y o u on ly 

so m u c h about the land. Study sites o n 

the g round wi l l always be needed , both 

for fuller in format ion and for c o n t i n u o u s 

cal ibrat ion o f the satellite's images . 

A b o v e all, land cond i t i on depends o n 

managemen t , and for a full interpretation 

o f satellite images researchers therefore 

need to k n o w h o w each property is man

aged (see the b o x ) and w h e r e the property 

boundar ies l ie . 

Getting straightened out 

M u c h o f this addit ional in format ion is 

s tored o n c o n v e n t i o n a l m a p s , and re

searchers have therefore needed to 'stretch' 

or ' squash ' the satellite pictures in order 

to br ing t h e m into l ine wi th these maps . 

Landsa t images have a shape o f their o w n , 

de te rmined by various things — inc lud

ing the varying speed at w h i c h the mirror 

performs its s w e e p , any yawing or pi tch

ing by the satellite, perspect ive , and the 

earth's curvature. 

A radiometer, by picking up the same 
reflected wavelengths as Landsat, helps 
scientists to calibrate the satellite's 
images. 

T o a l i g n satel l i te p ic tu res w i t h the 

Aus t ra l i an M a p G r i d , the resea rchers 

identify landmarks s u c h as c reek junc 

tions or road intersections and re-scale the 

satellite image accord ing ly . 

O n c e the image has been ' rectif ied' in 

this way, scientists can readily super im

pose o n it s u c h informat ion as property 

boundar ies , rainfall statistics, s tock rec

ords, con tou r s , and soi l types. T h e c o l 

lected informat ion then const i tutes the 

heart o f L I B R I S , a L a n d Image-Based 

R e s o u r c e In format ion Sys tem, deve loped 

by D r D e a n Graetz o f the D i v i s i o n o f L a n d 

R e s o u r c e s M a n a g e m e n t , D r J o h n 

O 'Ca l l aghan o f the D i v i s i o n o f C o m p u t 

ing Resea rch , and the Sou th Austral ian 

Pastoral Board . 

L I B R I S , w h i c h the scientists devel

oped f rom a s imilar sys tem dev i sed in 

California to examine land use in and near 

ci t ies , const i tutes a store o f informat ion 

that may be analysed and drawn u p o n to 

assist our unders tanding o f the land and 

h o w it can b e used. 

T o put L I B R I S th rough its paces , the 

researchers c h o s e an area o f m o r e than 

8000 square k m o f South Australian sheep 

country wes t o f B r o k e n Hi l l , con ta in ing 

about 50 propert ies and ranging f rom salt-

bush shrubland in the south to sandplain 

m u l g a in the nor th . (Last D e c e m b e r ' s 

ca l ib ra t ion e x e r c i s e t o o k p l ace in this 

area.) T h e y analysed t w o sets o f pictures 

taken 5 years apart, in July 1973 and July 

1978, taking a grid o f points about 200 

m apart, and de te rmin ing f rom the sat

ellite image the extent o f vegeta t ion cover 

at each po in t . 
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When the information from two Landsat 
channels is plotted, points fall more or 
less within a 'cover-greenness triangle'. 



Analys i s o f Landsa t images o f the range-
lands wes t o f Broken H i l l reveals man-
made patterns in a number o f places . S o m e 
o f these patterns c a n b e e x p l a i n e d by 
property boundar ies : perhaps the land may 
have less c o v e r o n o n e side o f a f ence 
because that pastoralist has s tocked m o r e 
sheep to the hectare than his n e i g h b o u r . 

Other l ines o n the images c o r r e s p o n d 
no t to m o d e r n boundar ies but to fences 
that were pu l led ou t at least 4 0 years a g o . 
T h i s is o n e o f the unexpec t ed d i scover ies 
made by M s Mel i s sa G i b b s , a s o c i o l o g i s t 
w i t h the D i v i s i o n o f L a n d R e s o u r c e s 
M a n a g e m e n t , w h o is invest igat ing the 
soc ia l factors that in f luence pastoralists ' 
m a n a g e m e n t d e c i s i o n s . 

M i s s G i b b s has visited 30 propert ies in 
the L I B R I S study area o f north-eastern 
Sou th Austral ia. 

She is asking h o w peop le manage their 
land ( h o w many s tock they run and so o n ) , 

Landsat 's view o f Broken Hill, with 
property boundaries super imposed by 
computer . 

B y a d d i n g i n f o r m a t i o n o n p rope r ty 
boundar i e s , the scient is ts we re able to 
calculate whether the a m o u n t o f c o v e r o n 
each property had improved or deter io
rated over the 5-year per iod. A n d , s ince 
bare soi l s o o n e rodes , this informat ion 
referred to bo th the quantity o f fodder and 
the stability o f the soi l o n these propert ies . 

T h e researchers have stored all this in
format ion (property boundar ies , Landsa t 
s ignals, and so o n ) o n compute r , and can 
'ca l l up ' o n a screen a m a p o f the study 
area wi th , say, the property boundar ies or 
rainfall f igures super imposed . 

T o he lp analyse the results, the sc i 
entists often ass ign c o l o u r s to the differ
ent types o f information that interest them. 
F o r example , in their analysis o f the t w o 
Landsa t images taken 5 years apart, they 

and asking for details o f their famil ies , o f 
the i r f i n a n c i a l c i r c u m s t a n c e s ( w h e r e 
peop le are prepared to d ivu lge these) , and 
o f the history o f the property. W h e n she 
has f in ished gathering and analysing all 
this informat ion , she hopes to b e able to 
p inpo in t w h i c h soc ia l and other factors 
exert the greatest effect o n the c o n d i t i o n 
o f the land. 

A s she po in t s out , y o u can learn quite 
a lot f rom Landsa t images , but y o u c a n n o t 
always expla in what y o u see. It is all very 
we l l to record that 'this land is in p o o r 
c o n d i t i o n ' , but does the cause l ie in to
day's management or in that practised half 
a century ago? 

A n d h o w far are pastoralists ' op t ions 
restricted by soc ia l factors? W i t h n o loca l 
s c h o o l s , many graziers feel they have to 
send their ch i ld ren to board ing s c h o o l in 
A d e l a i d e — an expens ive c o m m i t m e n t 
that, l ike debt, may rule out those man-

instructed the compute r to work out w h i c h 
areas had expe r i enced an i m p r o v e m e n t 
in cove r and to mark them in o n e c o l o u r , 
g iv ing another c o l o u r to areas that had 
deteriorated, and a third to areas s h o w i n g 
n o appreciable change . 

But can this t echn ique provide a c c u 
rate, useful in format ion o n the c o n d i t i o n 
o f the land? Y e s , say the researchers; the 
L I B R I S assessment o f vegeta t ion cove r 
generally agreed with measurements made 
o n the g round , and, as a result o f exerc ises 
l ike the o n e c o n d u c t e d last D e c e m b e r , the 
interpretation o f Landsa t images wi l l g o 
o n improv ing . 

If all g o e s we l l , the Pastoral Board o f 
Sou th Austral ia, w h i c h carries respon
sibility for the land under survey, w i l l 
eventual ly use L I B R I S as a too l to assist 
in g iv ing m a n a g e m e n t advice . T h e Board 
has agreed to evaluate the project . 

Landsat , then, c o u l d play an important 
role in the assessment o f range c o n d i t i o n 
and in m o n i t o r i n g the effects o f manage 
men t programs. Ideally, this shou ld assist 
pastoralists and gove rnmen t departments 
to deve lop m a n a g e m e n t practices that ex
tract the best product iv i ty f rom range-
l a n d s that c a n b e a c h i e v e d w i t h o u t 
pre judice to the long- te rm stability and 
fertility o f the land. 

John Seymour 

M o r e a b o u t the t o p i c 

C o n c e p t s and factors app l icab le to the 

measurement o f range c o n d i t i o n . A . D . 

agement op t ions that put less pressure o n 

the land but yield lower immediate returns. 

M i s s G i b b s w o u l d also l ike to k n o w 
m o r e prec ise ly what the w o r d ' d rough t ' 
c o n v e y s to pastoralists; she is asking t h e m 
h o w they def ine a d rough t and what s igns 
t h e y l o o k fo r i n d e c i d i n g w h e t h e r a 
d rough t has b e g u n and s tock shou ld be 
m o v e d . In the same vein, she is investi
gat ing the pastoralists' percep t ions o f the 
quality o f their land and the extent — and 
ser iousness — o f e ros ion . 

But w h e n all is said and statistically 
d o n e , q u e s t i o n n a i r e s a re , M s G i b b s 
stresses, o f l imi ted value. ' Y o u also have 
to wa tch p e o p l e in a d rough t and see what 
they actually d o . ' 
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