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In 1916 an Australian meteorologist, Griffith Taylor, 
divided the continent into four climate zones: scorch­
ing, muggy, keen, and raw. Although crude, this effort 
at classification did express the notion that people are 
strongly interested in describing the nature of the cli­
mate where they live; indeed, climate in many ways 
determines where people live and what sort of liveli­
hood can be followed there. 

Basical ly , peop le w o u l d l ike to k n o w 

h o w comfor tab le they wi l l be at a certain 

p lace . M a n y different ways o f put t ing a 

measure o n the c l imat ic side o f h u m a n 

comfor t have been p roposed . T h e Uni ted 

States Quartermaster Genera l ' s c l o t h i n g 

z o n e s are based o n w i n d ch i l l and air 

temperature . T h e c o m p l i c a t i o n is that 

this s c h e m e assigns two-thirds o f the A u s ­

t ra l ian c o n t i n e n t , i n c l u d i n g the eas t 

coast , to a hot dry desert r eg ime . Other 

mis l ead ing measures have i n c l u d e d the 

n u m b e r o f days wi th a mean wet bu lb 

temperature in e x c e s s o f 2 1 ° C — this 

g ives the e r roneous impress ion that little 

d i scomfor t is expe r i enced in the major 

popu la t ion centres south o f 3 0 ° latitude. 

I n general , t hough , f ew c l imate maps 

drawn u p in h u m a n comfor t terms have 

been drawn for Austral ia. C o l d stress has 

usual ly b e e n n e g l e c t e d and o n l y fairly 

bas ic and genera l ized measures o f heat 

stress have been c o m p u t e d . 

In the quest for scient i f ic p rec i s ion in 

this matter, two researchers have recent ly 

deve loped a n e w s c h e m e in w h i c h the 

thermal e q u i l i b r i u m b e t w e e n a p e r s o n 

and the a tmosphere is calculated; D r Jetse 

K a l m a o f the CSIRO D i v i s i o n o f L a n d U s e 

Resea rch and D r Andr i s A u l i c i e m s o f the 

G e o g r a p h y D e p a r t m e n t o f Q u e e n s l a n d 

Universi ty be l ieve their approach offers a 

way to specify, in physica l ly mean ingfu l 

number s , the degree o f comfor t experi­

e n c e d by p e o p l e l iv ing anywhere in A u ­

stralia. 

T h e pair used theoret ical and semi-

Lake St Clair in July. You would feel 
colder here than at any other place in 
Tasmania, and quite possibly in 
Australia. 

The researchers calculated 
the heat load on a naked 
person standing outdoors 
facing north. 

empir ica l approaches to ca lcula te , for any 

t ime o f day, the heat load o n a naked per­

son standing ou tdoors fac ing north. T h e 

express ions used take in to a c c o u n t air 

t empera tu re , h u m i d i t y , rad ia t ion , and 

w i n d speed. 

T h e advantage o f the s c h e m e is that it 

e l i m i n a t e s d i f f e r e n c e s c a u s e d b y 

p h y s i o l o g i c a l adaptation or c lo th ing pre­

ferences . 

C a l c u l a t i o n s w e r e m a d e f o r 1 4 4 

loca t ions at 9 a.m. and 3 p . m . l oca l t ime in 

m i d January and m i d July. T h e results for 

3 p . m . are s h o w n in the t w o maps — heat 

stress is s h o w n by pos i t ive values and c o l d 

stress by negat ive o n e s . 

T h e measures o f heat and c o l d stress 

are expressed in watts, and this b e c o m e s 

m o r e meaningfu l i f w e l o o k at the a m o u n t 

o f me tabo l i c heat p r o d u c e d by a n u m b e r o f 

activit ies. T h u s , w h e n sitting w e generate 

about 110 watts; wa lk ing , 220 W ; go l f ing , 

650 W ; and sawing, 1000 W or m o r e . T h i s 

Marble Bar's postmaster records the 
town's weather data. By the researchers' 
reckoning, this place scores the highest 
heat stress for January afternoons. 

heat p r o d u c t i o n adds to any heat stress 

b rought about by the env i ronment , and it 

must be dissipated by sweat ing. 

T h e h u m a n b o d y c a n p u m p o u t a 

m a x i m u m o f about a litre o f sweat per 

hou r ; i f heat lost by this p rocess is less 

than the total ga ined f r o m the environ­

men t and me tabo l i c exer t ion , then the 

temperature o f the b o d y rises and danger 

o f heat stroke arises. 

M e t a b o l i c heat can o f c o u r s e lessen 

c o l d s t r e s s , o r w e c a n pu t o n m o r e 

c l o t h i n g to d o the same. Put t ing o n a 

substantial overcoa t (with a w i n d speed o f 

1•5 metres per s e c o n d ) w i l l r educe heat 

loss by about 300 W . 

T h e greatest c o l d stress ev idenced was 

for a station at L a k e St Clair in central 

T a s m a n i a ( in the absence o f data for the 

Austral ian alps) , wi th a f igure o f m i n u s 

1462 W for 9 a.m. in July. T h i s c o l d stress 

c o u l d b e c o u n t e r e d by w e a r i n g street 

c l o t h i n g and p r o d u c i n g 2 0 0 - 3 0 0 W o f 

m e t a b o l i c warmth (by a brisk walk , for 

example ) . 

A s for heat stress, h i g h levels may be 

reached dur ing summer , but i f c lo thes c a n 

be freely discarded, e n o u g h heat can be 

lost by sweat ing to a l l o w all but the m o s t 

s t r e n u o u s o f a c t i v i t i e s . T h e h i g h e s t 

3 p . m . January heat stress was ca lcula ted 

for Marb le Bar, where the thermal stress 

reached 651 W , permit t ing on ly modera te 
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a c t i v i t y to b e u n d e r t a k e n b e f o r e t he 
m a x i m u m sweat rate is reached. 

Often, o f cou r se , sweat ing is i m p e d e d 
by c u s t o m or the necess i t ies o f p ro tec t ion 
against sunburn . T a k e into a c c o u n t t o o 
that average January figures have b e e n 
used ; in excep t iona l ly ho t weather it may 
be all a person can d o to sit in the shade 
dr inking a favourite c o l d l iquid . 

A n interesting feature o f the January 
m a p is that c o l d stress c a n o c c u r at 3 p . m . 
a long the southern coast , in the Austra­
l ian alps, and in T a s m a n i a . 

A s an extra detail , the maps s h o w those 
areas where the 9 a.m. heat ba lance f igure 
fell short o f the 3 p . m . f igure by m o r e than 
4 0 0 W . I n other w o r d s , the temperature o f 
those areas f luctuated a lot because o f 
their cont inenta l c l imate and clear skies. 

From outdoors to indoors 

I f our naked pe rson is uncomfor t ab l e out­
d o o r s , our natural response is to g o ins ide . 
W e are usual ly m o r e comfor tab le there, i f 
for n o other reason than that at least a 
heater, or a fan, is usual ly available. 

It is we l l k n o w n that air temperature is 
the mos t important factor in de te rmin ing 
i n d o o r comfor t , w h i l e humidi ty , air speed , 
and radia t ion are o f s econda ry i m p o r ­
tance. T h i s makes c o m f o r t ca lcu la t ions 
relatively easy, and in fact many o f the 
comfor t maps drawn decades a g o g ive us 
qui te satisfactory ind ica t ions o f i n d o o r 
thermal comfor t . 

D r K a l m a and D r A u l i c i e m s were able 
to g o o n e step further, h o w e v e r , and ca lcu ­
late the a m o u n t o f fuel energy needed to 
keep p e o p l e comfor tab le at 163 stations 
across Austra l ia — a useful g u i d e for 
p e o p l e w h o take e n e r g y c o n s e r v a t i o n 
ser iously. 

T h i s work was based o n two scient i f ic 
f indings . T h e first was that a temperature 
o f 1 8 ° C is the b a l a n c e temperature at 
w h i c h natural heat gains are just suffi­
c ient to provide i n d o o r comfor t wi thout 
space heating. T h e s e c o n d is that for the 
e ight Austral ian capital ci t ies there is an 
exce l l en t linear relat ion be tween , o n the 
o n e hand, the annual per capita energy 
use and, o n the other, the annual total o f 
'degree-hours ' b e l o w 1 8 ° C . T h i s relat ion 
is s h o w n in the graph. 

F r o m this graph w e can extract a c o n ­
v e r s i o n f a c t o r r e l a t i n g d e g r e e - h o u r s 
b e l o w 1 8 ° C to e n e r g y c o n s u m p t i o n . 
U s i n g this factor , the t w o researchers 
appl ied it to all the Austral ian c l imate sta­
t ions and c a m e u p wi th a map s h o w i n g 
energy used for space heat ing. 

M a x i m u m values are o f cour se found in 
the Austral ian alps and central T a s m a n i a , 
wi th values e x c e e d i n g 34 g iga jou les per 
pe r son per year. M o s t o f the Tab l e l ands 
and the S n o w y M o u n t a i n s districts o f 
N e w Sou th W a l e s , as we l l as the w h o l e o f 
T a s m a n i a , a l so e x c e e d 29 g iga jou les . 

The straight line of the graph suggests 
that residents of the eight Australian 
capital cities are inclined to turn their 
heaters on, or up, when the (indoor) 
temperature drops below 18°C. 

In a similar fashion, a m a p o f degree-
hours above 2 5 ° C was obta ined, w h i c h 
incorpora ted a cor rec t ion for intensity o f 
s o l a r r a d i a t i o n . T o g i v e an i d e a o f 
m a x i m u m c o o l i n g requi rements across 
the country , s o m e figures o n electr ici ty 
c o n s u m p t i o n o f fu l ly a i r - c o n d i t i o n e d 
h o u s e s were used to ach ieve a c o n v e r s i o n 
to energy needed for c o o l i n g . T h i s map 
then s h o w s that the h ighes t f igures are 
f o u n d i n the K i m b e r l e y R a n g e s a n d 
around Marb le Bar. M o s t o f the coastal 
r eg ions south f rom Br isbane and around 
to Perth s h o w small c o o l i n g energy re­
qui rements . 

C o m b i n i n g the maps o f actual energy 
u s e d i n s p a c e h e a t i n g a n d m a x i m u m 
energy needs in space c o o l i n g gives an 
idea o f h o w m u c h energy w o u l d be needed 
to make us all comfor tab le . T h i s s h o w s 
that all the m a i n l a n d capi tals ( e x c e p t 
D a r w i n ) w o u l d need some th ing less than 
4 0 g i g a j o u l e s p e r p e r s o n p e r yea r . 
M i n i m u m values are found near Bunbury 
i n Western Austral ia and a long the east 
coast be tween M a r y b o r o u g h and T a r e e . 
T h i s conf i rms what quite a number o f 
alternative-lifestyle practi t ioners have hit 
o n already. 

Andrew Bell 
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The figures give the heat stress, in watts, on a naked person outdoors. Negative values indicate cold stress. 
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