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Meteorological Factors Affecting Physical Comfort 
(with Special Reference to Alice Springs, Australia) 

by 

C.  E.  H o u n a m  '~ 

INTRODUCTION 

The m e t e o r o l o g i c a l  v a r i a b l e s  a f f e c t i n g  t h e  t h e r m a l  b a l a n c e  of  warm b l o o d e d  a n i m a l s  
a r e  r a d i a t i o n ,  a i r  t e m p e r a t u r e ,  w a t e r  v a p o u r  a n d  a i r  m o v e m e n t .  

U n d e r  r a d i a t i o n  m u s t  b e  c o n s i d e r e d  l o n g  a n d  s h o r t  wave  r a d i a t i o n  r e c e i v e d  b y  t h e  
body~ t h e  a l b e d o  o f  c l o t h i n g  a n d  t h e  b a c k  r a d i a t i o n  e m i t t e d  by  t h e  b o d y  a n d  c l o t h i n g .  
N o r m a l l y  a s t a t e  o f  n o n - e q u i l i b r i u m  e x i s t s ,  e v e n  i n d o o r s  w h e r e  s h o r t  wave  r a d i a t i o n  
i s  z e r o ,  b e c a u s e  o f  t e m p e r a t u r e  d i f f e r e n c e s  b e t w e e n  t h e  r a d i a t i n g  s u r f a c e s .  The n a -  
t u r e  o f  c l o t h i n g  e x e r t s  a n  i n f l u e n c e  on t h e  r a d i a t i o n  b a l a n c e  t h r o u g h  t h e  i n f l u e n c e  
o f  i t s  c o l o u r  a n d  i n s u l a t i n g  p r o p e r t i e s  on  s u r f a c e  t e m p e r a t u r e .  

The e x c h a n g e  o f  s e n s i b l e  h e a t  b e t w e e n  t h e  a t m o s p h e r e  a n d  t h e  b o d y  i s  i n f l u e n c e d  b y  
b o t h  c o n d u c t i o n  and  c o n v e c t i o n .  C o n d u c t i o n  i s n o r m a l l y  a n  i n e f f i c i e n t  m e a n s  o f  a d d i n g  
t o  t h e  b o d y ' s  h e a t  s t o r e  b u t  i t  i s  a n  i m p o r t a n t  f a c t o r  i n  r e d u c i n g  h e a t  l o s s  b y  v i r -  
t u e  o f  t h e  low t h e r m a l  c o n d u c t i v i t y  o f  many  s u b s t a n c e s ,  e . g .  w o o l l e n  c l o t h i n g  a n d  
i n s u l a t i n g  b u i l d i n g  m a t e r i a l s .  C o n v e c t i v e  o r  t u r b u l e n t  t r a n s f e r  o f  h e a t  i n  t h e  a t -  
m o s p h e r e  c a n  b e  s e v e r a l  o r d e r s  h i g h e r  t h a n  t h e  t r a n s f e r  b y  c o n d u c t i o n .  

U n d e r  n o r m a l  c i r c u m s t a n c e s  t h e  r a t e  o f  t r a n s f e r  o f  l a t e n t  h e a t  d e p e n d s  on  t h e  v a -  
p o u r  p r e s s u r e  o f  t h e  a t m o s p h e r e  w h i c h  c o n t r o l s  t h e  g r a d i e n t  b e t w e e n  t h e  b o d y  a n d  i t s  
e n v i r o n m e n t . T h e  p r o c e s s  i s  c o m p l i c a t e d  b y  t h e  p r e s e n c e  o f  c l o t h i n g  a s  t h i s  m a i n t a i n s  
a t h i n  l a y e r  o f  n e a r l y  s a t u r a t e d  a i r  c l o s e  t o  t h e  s k i n .  P a r t  o f  t h e  e n e r g y  f o r  e v a p -  
o r a t i o n  i s  d r a w n  f r o m  t h e  b o d y  w h i c h  i s  c o n s e q u e n t l y  c o o l e d .  

Wind  i s  i m p o r t a n t  b e c a u s e  i t  a c c e l e r a t e s  h e a t  t r a n s f e r  b y  t u r b u l e n c e  a n d  b y  e v a p -  
o r a t i v e  c o o l i n g .  F o r  e x a m p l e ,  i t  c a n  p r e v e n t  t h e  a c c u m u l a t i o n  o f  h i g h  m o i s t u r e  c o n -  
t e n t  n e x t  t o  t h e  s k i n  a n d  t h u ~  h e l p s  t o  m a i n t a i n  e v a p o r a t i v e  c o o l i n g  n e a r  t h e  p o -  
t e n t i a l  r a t e .  Wind c a n  r e s t o r e  c o m f o r t  t o  a n  o v e r h e a t e d  b o d y  w h i l s t  a t  t h e  c o o l e r  
end  o f  t h e  s c a l e  i t  c a n  r e m o v e  h e a t  f r o m  a b o d y  a n d  i n d u c e  c h i l l ;  i t  c a n  a l s o  i n -  
c r e a s e  t h e  h e a t  l o a d  i f  t h e  a i r  t e m p e r a t u r e  e x c e e d s  s k i n  t e m p e r a t u r e .  

BI 0KETEOROLOGICAL INDICES 

A c o m p r e h e n s i v e  i n d e x  s h o u l d  i n c l u d e  b o t h  m e t e o r o l o g i c a l  a n d  n o n - m e t e o r o l o g i c a l  
f a c t o r s .  The f i r s t  g r o u p  h a s  b e e n  d i s c u s s e d  a b o v e ; t h e  s e c o n d i n c l u d e s  c l o t h i n g  c h a r -  
acteristics (such as albedo~ thermal conductivity and opportunity for convective 
heat exchange near the skin) and respiratory and metabolic rates. Unfortunately re- 
presentative meteorological observations and virtually all non-meteorological meas- 
urements are difficult to make accurately. Radiation in particular is difficult be- 
cause it involves measurement of incoming short wave and both incoming and outgoing 
long wave; furthermore it is difficult to use the radiation balance in a general 
working formula for physical comfort. Nevertheless the importance of radiation re- 
mains and the fact that reasonable results have been obtained using equations from 
which radiation is omitted is probably because dry-bulb temperature follows to a 
considerable degree the same general variations as those of net radiation° 
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B i o m e t e o r o l o g i c a l  i n d i c e s  amenable  to  p r a c t i c a l  a p p l i c a t i o n  by t h e  c l i m a t o l o g i s t  
i n c l u d e :  

- EFFECTIVE TEMPERATURE (ET) .  Th is  may be computed f rom the  Houghton  and Y a g l o g l o u  
(1923)  t y p e  nomogram or f rom a m a t h e m a t i c a l  r e l a t i o n s h i p  d e v e l o p e d  to  f i t  t he  em- 
p i r i c a l l y  d e r i v e d  c u r v e s ,  e . g .  S e i f e r t  ( 1 9 5 8 ) . T h e  m e t e o r o l o g i c a l  v a r i a b l e s  a re  d r y  
and wet  b u l b  t e m p e r a t u r e  ( o r  h u m i d i t y ) a n d  wind speed  b u t  f o r  i n d o o r  a s s e s s m e n t  i t  
i s  u s u a l l y  more r e a l i s t i c  to  a d o p t  a f i x e d  v a l u e  of  speed  a p p r o p r i a t e  to  i n d o o r  
c o n d i t i o n s .  

- DISCOMFORT I~-DEX ( I ) . T h i s  r e p r e s e n t s  an a t t e m p t  by Thom (1959) t o  o b t a i n  an e s t i -  
mate  of  e f f e c t i v e  t e m p e r a t u r e  f rom a l i n e a r  r e l a t i o n s h i p  ba sed  on d r y - a n d  w e t - b u l b  
t e m p e r a t u r e  ( o r  o t h e r  forms of  h u m i d i t y ) .  

- THERMAL STRAIN. Lee ( 1 9 5 8 ) p r e s e n t e d  an e q u a t i o n  wh ich  r e l a t e d  G, t h e  t h e r m a l  s t r a i ~  
to  m e t a b o l i c  r a t e ~  e n e r g y  e x p e n d i t u r e ,  r e s i s t a n c e  of  c l o t h i n g  and a i r  t o  t he  p a s -  
sage  of  h e a t  and w a t e r  v a p o u r  b u t ~ o f  t h e  many v a r i a b l e s  i n  t he  e q u a t i o n ~  the  c l i -  
m a t o l o g i s t  i s  u s u a l l y  a b l e  t o  s u b s t i t u t e  d a t a  f o r  a i r  t e m p e r a t u r e  a n d h t m ~ d i t y  on -  
l y .  R a d i a t i o n  i s  n o t  i n c l u d e d  no r  does  wind speed  a p p e a r  e x p l i c i t l y  a l t h o u g h  a 
f i x e d  v a l u e  i s  i n c o r p o r a t e d  i n  t h e  nomogram u s e d  f o r  t he  e v a l u a t i o n  of  G. 

- HEAT STRESS INDEX. B e l d i n g  and Ha tch  (1955)  u se  t he  r a t i o  be tw een  the  amount of  
swea t  wh ich  must  be e v a p o r a t e d  t o  m a i n t a i n  t h e r m a l  e q u i l i b r i u m  and t h e  maximum 
amount of  e v a p o r a t i o n  wh ich  can o c c u r  u n d e r  t he  p a r t i c u l a r  c o n d i t i o n s . M a k i n g  c e r -  
t a i n  a s s u m p t i o n s  and a p p r o x i m a t i o n s  t h i s  can be r e d u c e d  to  an e q u a t i o n  which  g i v e s  
s t r a i n  as a f u n c t i o n  of  m e t a b o l i c  r a t e ~  w a l l  and a i r  t e m p e r a t u r e ,  wind speed  and 
v a p o u r  p r e s s u r e .  R e c e n t l y  Lee and H e n s c h e l  (1963)  have  m o d i f i e d  t h e  B e l d i n g - H a t c h  
i n d e x  and have  p r o d u c e d  a nomogram of  " r e l a t i v e  s t r a i n " w h i c h  i n c o r p o r a t e s  n e t  r a -  
d i a t i o n  i n  a d d i t i o n  t o  t h e  above v a r i a b l e s .  

Some s p e c i a l  i n s t r u m e n t s  have  been  d e v e l o p e d  Which p r o v i d e  d a t a  r e l a t i v e  to  h e a t  
s t r e s s .  Two of  n o t e  a r e  t h e  g l o b e  t h e r m o m e t e r  and t h e  k a t a - t h e r m o m e t e r  b u t  i n s t r u -  
m e n t a t i o n  i s  of  such  l i m i t e d  e x t e n t  t h a t  t h e  c l i m a t o l o g i s t  c a n n o t  make more t h a n  
l o c a l i s e d  use  of  t he  d a t a .  

C0~PARISON OF EFFECTIVE TEMPERATURE WITH STRAIN INDICES 

Given  v a l u e s  f o r  a l l  v a r i a b l e s  i n  t he  e q u a t i o n s  f o r  t h e r m a l  s t r a i n  i n d i c e s  i t  would 
be e x p e c t e d  t h a t  t h e s e  i n d i c e s  would  r e p r e s e n t  p h y s i o l o g i c a l  r e a c t i o n s  t o a t m o s p h e n c  
c o n d i t i o n s  more c l o s e l y  t h a n  would  T E v a l u e s  ba sed  on t h e  same m e t e o r o l o g i c a l  d a t a .  
However ,  t he  c l i m a t o l o g i s t  i s  f r e q u e n t l y  r e q u i r e d  t o  p r e s e n t  t h e  b r o a d s c a l e  p i c t u r e ,  
e . g .  maps showing  c o m f o r t  z o n e s ,  b u t  l a c k s  d a t a  on n o n - m e t e o r o l o g i c a l  v a r i a b l e s  and 
must  make a s s u m p t i o n s .  

I f  c o n s t a n t  v a l u e s  f o r  c l o t h i n g  and p h y s i o l o g i c a l  p a r a m e t e r s  a r e  s u b s t i t u t e d  i n  
t h e  t h e r m a l  s t r a i n  e q u a t i o n s ~  t h e n  the  l a t t e r  i n d i c e s  b e a r  a s i m p l e  r e l a t i o n s h i p  t o  
e f f e c t i v e  t e m p e r a t u r e  b e c a u s e  t h e  o n l y  v a r i a b l e s  a r e  m e t e o r o l o g i c a l .  F i g .  l ( a ) s h o w s  
t h e  r e l a t i o n s h i p  be tween  ET and t h e r m a l  s t r a i n  and F i g .  l ( b ) t h a t  b e t w e e n  ET and t h e  
L e e - H e n s c h e l  (1963,  F i g .  11) r e l a t i v e  s t r a i n  i n d e x ( R S I ) f o r  wind speed  of  200 f t / m i n  
(60 m / m i n ) .  H o w e v e r , a t  h i g h e r  v a l u e s  of  RSI t h e r e  i s  n o t  a u n i q u e  r e l a t i o n s h i p  w i t h  
ET, e . g .  a t  RSI of  1 .0  t h e  ET v a l u e s  have  a r a n g e  o f  a b o u t  ~°F ( 2 . 2 ° C ) f o r  d i f f e r e n t  
c o m b i n a t i o n s  of  d r y - a n d  w e t - b u l b  a t  c o n s t a n t  wind s p e e d . H o w e v e r s f o r  low to  m o d e r a t e  
s t r a i n ,  i . e .  f o r  ET be low 80°F  (27°C)  or  p e r h a p s  as h i g h  a t  85°F (29°C)  e f f e c t i v e  
t e m p e r a t u r e  i s  i n t e r c h a n g e a b l e  w i t h  t h e  s t r a i n  i n d i c e s  when the  o n l y  v a r i a b l e s  a r e  
m e t e o r o l o g i c a l .  ET may be p r e f e r a b l e  as a c o m f o r t  i n d e x  b e c a u s e  i t  i s  r e a d i l y  a d -  
j u s t a b l e  f o r  wind speed  and b e c a u s e  the  c o r r e l a t i o n  w i t h  p h y s i o l o g i c a l  m a c t i o n s  a p -  
p e a r s  t o  have  been  s t u d i e d  e x t e n s i v e l y .  Th i s  does  n o t  o v e r l o o k  o t h e r  d e f i c i e n c i e s  i n  
t h e  u se  of  ET as a c o m f o r t  i n d i c a t o r .  
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F i g .  1. Compar ison  of e f f e c t i v e  t e m p e r a t u r e  w i t h  s t r a i n  i n d i c e s  

CRITERIA FOR COMFORT 

The Amer ican  S o c i e t y  of H e a t i n g ,  R e f r i g e r a t i n g  and A i r  C o n d i t i o n i n g  E n g i n e e r s  
ASttVE (1960)  Guide s t a t e s  t h a t  i n  the  U n i t e d  S t a t e s  the  most  p o p u l a r  E T v a l u e  r a n g e s  
be tween  a b o u t  60°F (19°C) o o i n  the  w i n t e r  and 73 F (23 C ) i n  the  summer w i t h  v a r i a t i o n s  
a c c o r d i n g  to  sex ,  c l o t h i n g ,  o c c u p a t i o n ,  g e o g r a p h i c a l  l o c a t i o n  and d e g r e e  of a c c l i -  
m a t i z a t i o n .  

Lee (1958)  t a b u l a t e s  t h e r m a l  s t r a i n  (G) v a l u e s  and i n d i c a t e s  t h e i r  p h y s i o l o g i c a l  
s i g n i f i c a n c e .  He says  t h a t  most  p e o u l e  a re  c o m f o r t a b l e  a t  G = ~ to  4½ which  ~ o r r e s -  

0 0 0 ~ u 0 ponds to  ET 71 to  72 F (22 C) f o r  wind speed  20 f t / m i n  (6 m/ mi n ) a nd  69 to 70 F(21 C) 
at 200 ft/min (60 m/min). 

Lee and H e n s c h e l  (1963)  u s i n g  the  r e l a t i v e  s t r a i n  i n d e x  (RSI)  s t a t e  t h a t  100~ of 
i n d i v i d u a l s  w i l l  be c o m f o r t a b l e  i n  the  r ange  0 .1  to  0 . 2  u n t i l  e n v i r o n m e n t a l  c o n d i -  
t i o n s  r e a c h  the  0 .2  l e v e l  when a t  l e a s t  85~ w i l l  c o n s i d e r  c o n d i t i o n s  a c c e p t a b l e . T h e  
r ange  0 . 1 ,  t o  0 .2  c o r r e s p o n d s  to  ET 67 to  7~°F (19 ° to  25°C) w i t h  a i r  movement a t  
200 ft/min (60 m/min). 

Thom (1959)  has found  t h a t  10~ of the  p o p u l a t i o n  becomes u n c o m f o r t a b l e  when h i s  
i n d e x  I r e a c h e s  70 w h i l s t  50~ a re  u n c o m f o r t a b l e  a t  75.  At 79 e v e r y b o d y  i s  uncom- 
f o r t a b l e ,  The Thom e q u a t i o n  i s  d e s i g n e d  f o r  use  w i t h  t e m p e r a t u r e  i n  the  F a h r e n h e i t  
s c a l e  and v a l u e s  a re  i n  e f f e c t  ET i n  OF. 

MEAN MONTHLY PHYSICAL COMFORT INDICES AT ALICE SPRINGS 

In examining climatological data for a station it is convenient to start with ob- 
servations at a particular hour and where discomfort results primarily from heat as 
a t  A l i c e  S p r i n g s ,  t he  15:00 hr  o b s e r v a t i o n s  a re  most  s u i t a b l e  f o r  a f i r s t  l o o k .  
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Tab le  1 shows v a l u e s  of ET (V = 20 f t / m i n )  (6 m / mi n ) ,  G, I - ( t h e  Thom i n d e x  u s i n g  
dew p o i n t )  and RSI f o r  A l i c e  S p r i n g s  computed from a ve r a ge  d r y -  and w e t - b u l b  s c r e e n  
t e m p e r a t u r e  a t  15 :00  h r .  

TABLE 1. Compar ison  of ET, G, I and RSI a t  A l i c e  S p r i n g s  ba se d  on a v e r a g e  s c r e e n  
t e m p e r a t u r e s  a t  15:00 h r  

ET, OF 

ET~ °C 

G 

I 

RSI 

J a n .  Febro~March A p r i l  May June  ~July Aug. S e p t .  Oct.  Nov. Dec. 

79 79 77 72 67 62 61 6~ 69 

26 26 25 22 19 17 16 18 21 

9 .0  892 6 .8  b, o5 2.b, 1 .0  0 .9  1 .6  3 .0  

79 79 76 70 66 62 61 6~ 69 

0.30 0.28 0.2~ 0.1~ 0.1 0 .1  O.1 0.1 0.10 

7~ 77 78 

23 25 26 

5.2 6.8 8.0 

7~ 77 79 

0 . 1 8  0 . 2 ~  0 . 2 8  

Thus a c c e p t i n g  the  c r i t e r i a  q u o t e d  above ( f o r  l i g h t l y  c l o t h e d  p e r s o n s  p e r f o r m i n g  
e q u i v a l e n c e  of o f f i c e  work) i t  would be assumed t h a t  most  p e r s o n s  would be uncom- 
f o r t a b l e  a t  15:00 h r  from November to  March w i t h  some u n c o m f o r t a b l e  i n  Oc tobe r .  Ac- 
c l i m a t i z a t i o n  migh t  r e s u l t  i n  a more r e s t r i c t e d  p e r i o d  of d i s c o m f o r t ,  p e r h a p s  as 
s h o r t  as December to  F e b r u a r y  f o r  some p e r s o n s .  

However~ such  c o n c l u s i o n s  based  on mean m o n t h l y  v a l u e s  c ou l d  be u n r e l i a b l e  b e c a u s e  
the  h i g h  v a r i a b i l i t y  of d a i l y  t e m p e r a t u r e  s u g g e s t s  t h a t  t h e r e  a r e  l i k e l y  to  be many 
u n c o m f o r t a b l e  days i n  the  autumn and s p r i n g  m o n t h s .  The d i s t r i b u t i o n  of d a i l y  e f -  
f e c t i v e  t e m p e r a t u r e  i s  shown i n  the  n e x t  s e c t i o n .  

Tab le  2 shows the  i n f l u e n c e  of wind speed on e f f e c t i v e  t e m p e r a t u r e .  ET i s  d e r i v e d  
from 15:00  hr  o b s e r v a t i o n s .  

TABLE 2. E f f e c t  of wind speed  on e f f e c t i v e  t e m p e r a t u r e . A v e r a g e  ET f o r  A l i c e  S p r i n g s  
w i t h  speeds  of 20 to  500 f t / m i n  (6 to  150 m/min)  

Wind speed 
in ft/~in 
(m/rain) 

J a n .  F e b r .  March Apr.  May June  J u l y  Aug. S e p t .  Oct. Nov. Dec. 

20 °F 79 79 77 72 67 62 61 6~ 69 7~ 77 78 

(6) °C 26 26 25 22 19 17 16 18 21 2j 25 26 

200 °F 78 77 75 7O 63 58 57 61 67 72 75 77 

(60)  °C 26 25 2~ 21 17 1~ 1~ 16 19 22 2~ 25 

5OO °F 77 76 7~ 68 6O 5~ 53 58 65 71 7~ 75 

(150)  °C 25 2~ 23 20 16 12 12 1~ 18 22 25 2~ 

Speeds of 250 ft/min (75 m/min) and over would be too high for convenience indoors 
in most  c i r c u m s t a n c e s .  

Tab le  2 i n d i c a t e s  t h a t  i n c r e a s e d  wind speed i n  the  summer months  p r o d u c e s  a v e r y  
s m a l l  d e c r e a s e  i n  e f f e c t i v e  t e m p e r a t u r e . T h i s  would be the  compromise r e s u l t  of a ho t  

• o o a i r  mass~ say  over  90 F or 32 C s a d d i n g  h e a t  to  a body and a h e a t  l o s s  due to  a low 
humidity, 
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VARIABILITY OF DAILY EFFECTIVE TEMPERATURE 

Frequency distribution of daily ET (15:00 hr)are shown in Table 5 for each month. 
These have been computed from Seifert (1958), 

TABLE 5, Percentage (cumulated) frequency of occurrence of ET (15:00 hr)values d~- 
ring each month at Alice Springs (V = 20 ft/min or 6 m/min)based on period 
195o-1959 

ET 
~15:00 hr) J a n .  F e b r .  March Apr.  May 

ET 
June  J u l y  Aug. S e p t .  Oct.  Nov. Dec. ~15:00 hr) 

~C 

86 5 1 1 1 2 30 .0  

84 12 9 ~ 1 5 12 28 .9  

82 32 28 11 1 1 5 17 30 27 .8  

80 56 50 24 5 2 15 34 48 ] 26 .7  

78 76 66 ~2 1~ 1 1 ~ 28 50 62 I 25 .6  

76 88 78 62 29 3 1 2 8 ~0 6~ 75 2~ .4  

7~ 94 87 78 ~ 9 2 1 5 20 54 76 86 23 .5  

72 97 92 90 60 19 6 3 11 38 65 85 93 22 .2  

70 * 95 96 72 30 13 7 19 5i  78 92 96 21.1  

68 * * 83 ~5 20 13 29 62 88 96 * 20 .0  

66 90 60 31 21 40 72 95 * 18 ,9  

6~ 73 ~3 32 5~ 83 17 .8  

*) H ighe r  pe r  c e n t  f r e q u e n c i e s  u n r e l i a b l e .  

I t  would be h e l p f u l  i f  a l i n e  cou ld  be drawn on Tab le  3 ~ c o r r e s p o n d i n g  to  the  most  
u u . 

p o p u l a r  v a l u e  of ET f o r  each p e r s o n .  For example ,  76 F (2~ C) mi gh t  be an a c c e p t a b l e  
summer l e v e l  f o r  a c c l i m a t i z e d  p e r s o n s  a t  4 1 i c e  S p r i n g s  w h i l s t  a w i n t e r  optimum of 
66°F (19°C) i s  a r e a s o n a b l e  e s t i m a t e  (ASHRAE Guide ,  1960) .The  t a b l e  i n d i c a t e s  a p r o -  
nounced  need f o r  a f t e r n o o n  c o o l i n g  i n  the  summer; f o r  example ,  i n  J a n u a r y  882 of ET 
v a l u e s  a t  15:00 hr  exceed the  assumed comfor t  l e v e l  of 76°F (2~°C) i n d o o r s . T h e  w i n -  
t e r  p i c t u r e  i s  l e s s  p o s i t i v e  b u t ,  u s i n g  66°F ( 1 9 ° C ) a s  a r e f e r e n c e  l e v e l , t h e r e  would 
be r e q u i r e m e n t s  f o r  b o t h  h e a t i n g  and c o o l i n g  i n d o o r s .  

COMPARISON OF DISTRIBUTIONS BETWEEN STATIONS. Annua l  d i s t r i b u t i o n s  have b e e n  c o m -  
p u t e d  f o r  a number of the  major  A u s t r a l i a n  c e n t r e s  and some of the  d i f f e r e n c e s  n o t e d  
be tween  d i f f e r e n t  c l i m a t i c  a r e a s  c o u l d  have a s i g n i f i c a n t  e f f e c t  i n  p l a n n i n g .  

I f  t he  c r i t i c a l  d e s i g n  v a l u e  of ET were chosen  a t  75OF(24°C) then  i t  i s  found  t h a t  
t h i s  i s  excee4ed  w i t h  ave r age  a n n u a l  f r e q u e n c y  of 97 a t  B r i s b a n e  i n  a warm m o i s t  
c l i m a t e  and 55 a t  P e r t h  i n  a warm dry  c l i m a t e , i  e .  B r i s b a n e  e x n e r i e n c e s  more uncom- 

. . . .  O O 

f o r t a b l e  days  t h a n  P e r t h .  However,  i f  t he  c r x t e r x o n  i s  r a x s e d  to  79 F (26 C) t h e n  
the  p o s i t i o n  i s  r e v e r s e d  w i t h  a n n u a l  f r e q u e n c i e s  of 13 a t  B r i s b a n e  and 26 a t  P e r t h .  
A s i m i l a r  s i t u a t i o n  i s  found  w i t h  C a i r n s  i n  the  humid t r o p i c s  and C l o n c u r r y  i n  t he  

• . . O O 

semi a r i d  t r o p ! c s :  f r e q u e n c i e s  above 75 F (2~ C) a re  r e s p e c t i v e l y  227 and 225 and 
above 79UF (25°C) 97 and 149. 

Thus c o n s i d e r a b l e  ca re  must  be t a k e n  i n  s e l e c t i n g  a d e s i g n  v a l u e  p a r t i c u l a r l y  i n  
c a se s  where" i t  i s  r e q u i r e d  to  a s s e s s  r e l a t i v e  comfor t  l e v e l s  a t  a n u m b e r  of s t a t i o n s  
in different climatic zones. 
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DIURNAL VARIATION OF EFFECTIVE TEgPEI~TURE 

DIURNAL VARIATION AS A COMFORT FACTOR. P h y s i c a l  c o m f o r t  c a n n o t  be s a t i s f a c t o r i l y  
summar ized  by r e f e r e n c e s  t o  a s i n g l e  a v e r a g e  m o n t h l y  v a l u e  b e c a u s e  o f t h e v a r i a b i l i t y  
of  ET a t  a f i x e d  hour  as d e m o n s t r a t e d  i n  Tab le  3 and t h e  d i u r n a l  v a r i a t i o n  i n E T . T h e  
p h y s i o l o g i c a l  e f f e c t  o f  t h e  c o o l  n i g h t / h o t  day s e q u e n c e  i s  i m p o r t a n t  i n  day t ime  
c o m f o r t  b e c a u s e  a f t e r  a c o m f o r t a b l e  n i g h t  one i s  b e t t e r  a b l e  t o  s t a n d  up t o  an u n -  
c o m f o r t a b l e  day .  

S t a t i o n s  w i t h  a p p r o x i m a t e l y  t he  same a v e r a g e  J a n u a r y  ET a t  15 :00  hr (79OF or 26°C) 
as A l i c e  S p r i n g s  a r e  T o w n s v i l l e ,  K a l g o o r l i e  and W i l c a n n i a .  The m i n i m u m ( e a r l y  m o r n i n ~  
v a l u e s  o f  ET a t  t h e s e  p l a c e s  a~e 75°~ 62 ° and 64°F (29 ° ,  17 ° and 18°C) r e s p e c t i v e l y  
compared w i t h  A l i c e  S p r i n g s  67~F (19UC)o Thus n i g h t s  a r e  more c o m f o r t a b l e  on the  
a v e r a g e  a t  s o u t h e r n  i n l a n d  a r i d  c e n t r e s  t h a n  i n  t h e  n o r t h  c o a s t a l  d i s t r i c t s .  

AVERAGE DIURNAL VARIATION.Curves showing the diurnal variations of the average ET 
for each month can be readily constructed and the average number of hours per day 
during which ET exceeds specified levels can be computed. However, this approach is 
inadequate because the relevant periods are those during which ET exceeds the crit- 
ical level and only these should be used in determining averages. If averages are 
based on all days they are reduced by ET values below the critical level and are 
thus underestimates of the heat stress. 

E~WELOPE POLYGONS BASED ON VARIATIONS. The p s y c h r o m e t r i c  d i a g r a m  has  been  used  i n  
more t h a n  one form to  compute e f f e c t i v e  t e m p e r a t u r e  b u t  i£  can a l s o  be used  f o r  a 
p i c t o r i a l  d i s p l a y  of  s t a t i o n  d a t a .  F i g .  2 shows a s e t  of  p o l y g o n s  f o r  A l i c e  S p r i n g s  
ba sed  on the  12 m o n t h l y  means f o r  t h e  h o u r s  0 6 : 0 0 ,  0 9 : 0 0 ,  12:00 and 15:0@ and t h e  
d i s p l a c e m e n t  of  p o l y g o n s  a c r o s s  t he  ET i s o t h e r m s  i s  a measure  of  d i u r n a l  v a r i a t i o n  
o f  ET. 

I 

] \ t ' \ "  J" 

"o 

l 
~ ~ \ ,  \ 

REI.&TIY~" I"IUI~IDII"Y PER C~'NI 

P 

1GO 

F i g .  2. E f f e c t i v e  t e m p e r a t u r e  d i a g r a m  showing  a v e r a g e  m o n t h l y  ET a t  06:00~ 09:00~ 
12 :00  and 15:00  h r  f o r  A l i c e  S p r i n g s ~  based  on l O - y e a r  p e r i o d  (1955-196~)°  
Wind speed  20 f t / m i n  or  6 m/min .  
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P a r t  of  e a c h  p o l y g o n  i s  common t o  a number of  o t h e r  h o u r l y  p o l y g o n s , t h a t  i s , t h e r e  
i s  c l i m a t i c  s i m i l a r i t y  b e t w e e n  a v e r a g e  t e m p e r a t u r e  and h u m i d i t y  a t  d i f f e r e n t  hou r s  
and months ,  e . g .  A p r i l  15 :00  hr  = March 12:00  hr  = December 09 :00  h r .  Th is  c o n c e p t  
can be t a k e n  one s t e p  f u r t h e r  by c o n s t r u c t i n g  an e n v e l o p i n g  p o l y g o n  which  c o n t a i n s  
a v e r a g e  v a l u e s  f o r  a l l  months and a l l  h o u r s .  S t a r t i n g  w i t h  F i g .  2 a b a n a n a - s h a p e d  
f i g u r e  can be drawn e x t e n d i n g  f rom slimmer 1 5 : 0 0 - h r  v a l u e s  ( a p p r o a c h i n g  the  maximum 
v a l u e s )  t o  w i n t e r  0 6 : 0 0 - h r  v a l u e s  ( a p p r o a c h i n g  t h e  m i n i m a ) .  The shape  of  t h i s  c u r v e  
would  be c h a r a c t e r i s t i c  of  t h e  c l i m a t e  of  t h e  s t a t i o n .  

The same f i g u r e  would  be a r r i v e d  a t  by c o n n e c t i n g  a l l  h o u r l y  v a l u e s  f o r  J a n u a r y  
( i n  t h e  c a s e  of  A l i c e  S p r i n g s  by a s t r a i g h t  l i n e ) a n d  s i m i l a r l y  for each  of  t h e  o t h e r  
mon ths .  The f i g u r e  e n v e l o p i n g  t h e s e  12 l i n e s  would  be t h e  same as t h a t  d e r i v e d  above. 

DISTRIBUTION OF HOURLY VALUES ON PSYCHR0~IETRIC DIAGRAM. The above  c o n s i d e r a t i o n s  
a r e  b a s e d  on a v e r a g e  v a l u e s  of  ET b u t  f o r  many d e s i g n  p u r p o s e s  i t  i s  n e c e s s a r y  t o  
examine  i n d i v i d u a l  d a i l y  v a l u e s .  A s c a t t e r  d i a g r a m  was t h e r e f o r e  p r e p a r e d  on a p s y -  
c h r o m e t r i c  b a s e  u s i n g  each  of  8 t h r e e  h o u r l y  b b s e r v a t i o n s  f o r  each  day ,  of  t h e  lO-  
y e a r  p e r i o d  1955-196~.  The compu te r  p r i n t o u t  shows f r e q u e n c i e s  o f  ET as w e l l  as d r ~  
b u l b  and r e l a t i v e  h u m i d i t y .  

F i g .  3 shows t h e  e n v e l o p e  p o l y g o n  f o r  A l i c e  S p r i n g s  and a s e t  of  ET l i n e s  c o r -  
r e s p o n d i n g  t o  s p e c i f i e d  e x c e e d a n c e  v a l u e s  b o t h  d e r i v e d  f rom t h e  same s e t  o f  t h r e e  
h o u r l y  o b s e r v a t i o n s .  Th is  shows t h a t  25~ of  t h e  o b s e r v a t i o n s  e o r r e s u o n d  w i t h  ET 

0 0 - -  0 0 . 
v a l u e s  of  72 F (22 C) a n d ^ o v e r , ^ l O % w i t h  77 F (25 C) and o v e r  w h i l s t  5% of  a l l  ET 
v a l u e s  e q u a l  or  e x c e e d  79~F (26UC).Th~ c r i t i c a l  l e v e l  of  73VF (23VC) i s  e x c e e d e d  on 

t " u u 22% of  he y e a r  w h i l s t  t h e  assumed 76 F (2~ C) f o r  a c c l i m a t i z e d  p e r s o n s  i s  e x c e e d e d  
on 13% of  t h e  y e a r ;  t h i s  l a t t e r  f r e q u e n c y  would  be c o n c e n t r a t e d  i n  t h e  d a y - t i m e  o f  
t h e  summer months ,  t a p e r i n g  o f f  t o  a r a r e  o c c u r r e n c e  b e t w e e n  May and S e p t e m b e r .  

1 0  l O  - -  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . .  1o 

. . . . . . . . . . . . .  ~ ~ h  ~lass of ~ative humidW "'~.~".,,.,.,.~ 

. . . . . . . .  L ~  of m~ian ~ l u ~  @ miathm h u m ~  ~ ' \  
~ r  ~ch  d ~  ~ ~ p e r a ~ m  

- '  ~o ~ ~ ~ ~ 4 ~., I 
RELA~VEHUMIo~PERCENT 

F i g .  3. D i s t r i b u t i o n  of e f f e c t i v e  t e m p e r a t u r e  a t  A l i c e  S p r i n g s  (1955 -196~)  showing :  
(1 )  e n v e l o p e  of  a l l  h o u r l y  v a l u e s  of  d r y - b u l b ~  h u m i d i t y  and e f f e c t i v e  t e m -  
p e r a t u r e ;  ~2) p e r  c e n t  f r e q u e n c y  of  e f f e c t i v e  t e m p e r a t u r e  above  s p e c i f i e d  
l e v e l s  ( b a s e d  on a l l  h o u r s  of  o b s e r v a t i o n ) ;  (3)  l o c i  of  med ian  v a l u e s  o f  a i r  
t e m p e r a t u r e  and r e l a t i v e  h u m i d i t y  ( b a s e d  on a l l  h o u r s  of  o b s e r v a t i o n )  wind 
speed  20 ft/min or 6 m/min) 
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F i g .  ~ .  A v e r a g e  e f f e c t i v e  t e m p e r a t u r e  a t  1 5 : 0 0  h r  f o r  e a c h  m o n t h  f o r  
Australian cities. Wind speed 20 ft/min or 6 m/min 

COMPARISON OF ET AT ALICE SPRINGS WITH OTHER CENTRES 

F i g .  ~ c o m p a r e s  a v e r a g e  ET a t  1 5 : 0 0  h r  a t  A l i c e  S p r i n g s  w i t h  c o r r e s p o n d i n g  v a l u e s  
a t  s e l e c t e d  A u s t r a l i a n  c i t i e s .  

On t h e  b a s i s  o f  t h e s e  a v e r a g e  v a l u e s  t h e  summer  a f t e r n o o n  i n d o o r  c l i m a t e  o f  A l i c e  
S p r i n g s  i s  o n l y  s l i g h t l y  m o r e  u n c o m f o r t a b l e  t h a n  t h a t  a t  B r i s b a n e . I t  i s  a p p r e c i a b l y  
w o r s e  t h a n  t h a i  a t  t h e  o t h e r  S t a t e  c a p i t a l s  w i t h  t h e  e x c e p t i o n  o f  D a r w i n  w h i c h  i s  
b y  f a r  t h e  m o s t  u n c o m f o r t a b l e  o f  t h e  p l a c e s  s h o w n  i n  F i g .  ~ .  The c o n t i n e n t a l  i n -  
f l u e n c e  on c l i m a t e  i s  m o r e  n o t i c e a b l e  i n  t h e  w i n t e r  m o n t h s ;  ET v a l u e s  a r e  1 o r  2 ° F  
l o w e r  a t  A l i c e  S p r i n g s  t h a n  a t  B r i s b a n e  w h i l s t  t h e  c o m f o r t  m a r g i n  b e t w e e n  A l i c e  
S " . . 0 0 p r l n g s  a n d  D a r w i n  i n c r e a s e s  f r o m  3 F ( 1 . 7  C) i n  summer  t o  1 6 ° F  ( 9 ° C )  i n  w i n t e r .  

I t  i s  i n t e r e s t i n g  t o  c o m p a r e  c l i m a t i c  d i s c o m f o r t  a t  A l i c e  S p r i n g s  ~ t h  a r i d c e n t r e s  
i n  some o t h e r  c o u n t r i e s .  ET ( m a x . )  was  c a l c u l a t e d  ~ o m  a v e r a g e  maximum d r y - b u l b  t e m -  
p e r a t u r e s  a n d  r e l a t i v e  h u m i d i t y  o b s e r v a t i o n s  made  a t  a n  a f t e r n o o n  h o u r  which  w a s  n o t  
t h e  same i n  e a c h  c a s e .  T h e s e  a v e r a g e  v a l u e s  a r e  s h o w n  i n  F i g .  5 .  

F o r  A l i c e  s p r i n g s  t h e  maximum t e m p e r a t u r e  g i v e s  ET v a l u e s  up  t o  3 ° F ( 1 . 7 ° C )  h i g h e r  
t h a n  t h o s e  f o r  1 5 : 0 0  h r .  T h e r e  i s  a f a i r  s i m i l a r i t y  b e t w e e n  t h e  c l i m a t e s  o f  A l i c e  
S p r i n g s ~  C a i r o  a n d  P h o e n i x  a l t h o u g h  t h e  l a t t e r  p l a c e  i s  more  u n c o m f o r t a b l e  i n  sumv 
mero The c l i m a t e s  o f  A l i c e  S p r i n g s ~  K a r a c h i  a n d  T o u g g o u r t  ( A l g e r i a )  a r e  d i s t i n c t l y  
d i f f e r e n t ,  t h e  l a t t e r  two b e i n g  p a r t i c u l a r l y  u n c o m f o r t a b l e  i n  s u m m e r .  

DEVELOPMENT OF AN INTEGRATED COMFORT INDEX 

A l t h o u g h  a n u m b e r  o f  t e c h n i q u e s  f o r  a s s e s s i n g  h e a t  s t r e s s  c a n  b e  a p p l i e d  t o  a 
s i n g l e  l o c a t i o n ~ p a r t i c u l a r l y  w h e n  s p e c i a l  p h y s i o l o g i c a l  a n d  m e t e o r o l o g i c a l  d a t a  a r e  
a v a i l a b l e ,  a s s e s s m e n t  b e c o m e s  d i f f i c u l t  w h e n  l a r g e  a r e a s  a r e  i n v o l v e d .  I t  i s  t h e n  
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F i g .  5. A v e r a g e  e f f e c t i v e  t e m p e r a t u r e  a t  s e l e c t e d  a r i d  zone s t a t i o n s ( b a s e d  
on maximum d r y - b u l b  t e m p e r a t u r e ,  a f t e r n o o n  h u m i d i t y  and wind speed  
20 f t / m i n  or  6 m/rain) 

u s u a l l y  n e c e s s a r y  to  make a s s u m p t i o n s ,  e . g .  c o n s t a n t  v a l u e s  f o r  c l o t h i n g  c h a r a c t e r -  
i s t i c s  and a s s e s s m e n t  of  c o m f o r t  t h e n  d e v o l v e s  upon t h e  m e t e o r o l o g i c a l  v a r i a b l e s  
d r y - b u l b  t e m p e r a t u r e ,  h u m i d i t y  and wind s p e e d .  

Ave rage  e f f e c t i v e  t e m p e r a t u r e  and t h e r m a l  s t r a i n  (G) f o r  t h e  h o t t e s t  month of  t h e  
y e a r  have  b e e n  u s e d  i n  A u s t r a l i a  i n  an a t t e m p t  t o  d e t e r m i n e  r e l a t i v e  c o m f o r t  zones  
a c r o s s  t h e  c o n t i n e n t .  Use of  J a n u a r y  d a t a  o n l y  i s  a g r e a t  s i m p l i f i c a t i o n  b u t  t h e  a s -  
s u m p t i o n  t h a t  r e l a t i v i t y  i s  m a i n t a i n e d  t h r o u g h o u t  t h e  y e a r  i s  n o t  s o u n d ; t h i s  can  be 
overcome p a r t l y  by e x a m i n i n g  s u p p l e m e n t a r y  d a t a  f o r  t h e  c o l d e r  mon ths .  

However ,  as i n d i c a t e d  above~ t h e  u se  of  a v e r a g e  d a t a  i n  a s s e s s i n g  h e a t  s t r e s s  can  
be m i s l e a d i n g  and the  d i s t r i b u t i o n  of  t h e  sample  s h o u l d  be e x a m i n e d . A n o t h e r  approach 
has  been  t o  d e t e r m i n e  t h e  number of  days  p e r  y e a r  when t h e  e f f e c t i v e  t e m p e r a t u r e  a t  
15 :00  hr  e x c e e d s  s p e c i f i e d  l e v e l s  and sample  f r e q u e n c i e s  a r e  shown i n  Tab l e  &. 

Maps have  been  c o n s t r u c t e d  f rom t h e s e  d a t a  showing  t h e  d i s t r i b u t i o n  o v e r  A u s t r a -  
l i a  of a n n u a l  f r e q u e n c i e s  of ET o v e r  70~ 7 ~ a n d  80°F (21~ 2~  and 2 7 ° C ) ,  and i t  i s  
ea sy  t o  d e f i n e  zones  on t h e  a s s u m p t i o n  t h a t  e q u a l  ET f r e q u e n c i e s  mean e q u a l  d i s c o m -  
f o r t .  Tha t  t h i s  i s  no t  n e c e s s a r i l y  so i s  o b v i o u s  f rom a l o o k  a t  t h e  B r i s b a n e  a n d  
P e r t h  d a t a .  

I t  has t h e r e f o r e  been  p r o p o s e d  by a p h y s i o l o g i s t  c u r r e n t l y  w o r k i n g  on an A u s t r a -  
l i a n  c o m m i t t e e ,  wh ich  i s  i n v e s t i g a t i n g  t h e  w e i g h t  wh ich  s h o u l d  be g i v e n  t o  c l i m a t e  
i n  t h e  a s s e s s m e n t  of  a l l o w a n c e s , t h a t  t h e  f r e q u e n c i e s  i n  v a r i o u s  r a n g e s  of  e f f e c t i v e  
t e m p e r a t u r e  s h o u l d  be g i v e n  l i n e a r  w e i g h t i n g  f a c t o r s .  Th is  has  t h e  a d v a n t a g e  t h a t  
g r e a t e r  w e i g h t  can be g i v e n  t o  t h e  h i g h e r  v a l u e s  of  e f f e c t i v e  t e m p e r a t u r e .  C o n s i d e ~  

• O 
f o r A e x a m p l e ,  C a i r n s  and C l o n c u r r y  a t  wh ich  f r e q u e n c i e s  of  days  of  ET e x c e e d i n g  75 F 
(24VC) a r e  227 and 225 p e r  y e a r  r e s p e c t i v e l y  ( T a b l e  &)o 
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TABLE 4. A v e r a g e  number o f  days  p e r  y e a r  when ET ( 1 5 : 0 0  h r ) e x e e e d s  s p e c i f i e d  l e v e l s  
i n  A u s t r a l i a  

A d e l a i d e  

A l i c e  S p r i n g s  

B r i s b a n e  

C a i r n s  

C a n b e r r a  

C l o n c u r r y  

Darwin  

M e l b o u r n e  

P e r t h  

Sydney  

Effective temperature 

50 55 60 65 70 75 80 ,5 90 

1 0 . 0  12 .8  15,  18 .3  21.  23 .9  26 .7  ~9.~ 3 2 . 2  

361 519 222 1~3 77 33 9 1 

363 35~ 322 269 210 13~ 5~ 3 

365 36~ 35~ 293 187 97 7 0 

365 36~ 339 227 73 0 

318 2~7 192 134 73 25 3 0 

365 363 3~5 300 225 132 ~3 

365 364 336 200 5 

3~2 259 17~ 10~ 54 23 7 0 

365 363 305 209 129 66 20 2 

36~ 3~8 27~ 180 8~ 22 4 0 

T a b l e  5 shows a c t u a l  and we ighed  f r e q u e n c i e s  i n  5°F c l a s s  i n t e r v a l s .  

TABLE 5. Weighed  f r e q u e n c i e s  of  ET i n  c l a s s  i n t e r v a l s  

7 5 ° - 7 9 ° F  8 0 ° - 8 ~ ° F  8 5 ° - 8 9 ° F  
2~o 26Oc 27o 29Oc 30o 32Oc T o t a l  

o F 

° C 

CAIRNS 

A c t u a l  f r e q u e n c y  

W e i g h t e d  f r e q u e n c y  

CLONCURRY 

A c t u a l  f r e q u e n c y  

W e i g h t e d  f r e q u e n c y  

15~ 

15z~ 

73 

i~6 

93 

93 

109 

218 

23 

69 

227 

300 

225 

380 

F r e q u e n c i e s  have  been  g i v e n  l i n e a r  w e i g h t s  of  1, 2 and 3 , W e i g h t e d  f r e q u e n c i e s  g i v e  
a t o t a l  of  300 f o r  C a i r n s  compared  w i t h  380 f o r  C l o n c u r r y .  

A l t h o u g h  i n c r e a s i n g  t h e  number o f  c l a s s  i n t e r v a l s  l e a d s  to a h i g h e r  w e i g h t e d  t o t a l  
t h i s  i s  of  no c o n s e q u e n c e  b u t  i t  does  e f f e c t  t h e  r e l a t i v i t y  b e t w e e n  s t a t i o n s  d e p e n d -  
i n g  on t h e  d i s t r i b u t i o n  of  d a t a  w i t h i n  t h e  s a m p l e .  L i n e a r  w e i g h t s  may a l s o  be u s e d  
i n  f r a c t i o n a l  r a t h e r  t h a n  i n t e g r a l  s t e p s .  

The method shows p r o m i s e  as  i t  t a k e s  g r e a t e r  a c c o u n t  o f  t h e  e x t r e m e s  than  t h e  simple 
f r e q u e n c y  c o u n t  does  b u t  i t  r e q u i r e s  a good d e a l  more t r i a l  i n  s e l e c t i o n  of  c l a s s  
i n t e r v a l s  and w e i g h t i n g  f a c t o r s .  

OTHER I/ETEOROLOGICAL ASPECTS OF PHYSICAL COMFORT 

L i s t e d  b e l o w  a r e  some a d d i t i o n a l  m e t e o r o l o g i c a l  f a c t o r s  and t h e i r  e f f e c t s  which  
w a r r a n t  c o n s i d e r a t i o n  i n  a c o m p l e t e  s t u d y  o f  w e a t h e r  and p h y s i c a l  c o m f o r t .  
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- SEQUENCE OF HOT DAYS. A c o n c e n t r a t i o n  o f  c o n s e c u t i v e  e x t r e m e  d a y s  may r e s u l t  in  an 
a c c u m u l a t e d  p h y s i o l o g i c a l  s t r a i n .  

- WIND SPEED. Although it reduces ETa higher wind speed may result in discomfort if 
dust or fine sand is lifted, e.g. on the foreshore in a strong sea breeze. 

- PERSISTENCE OF A WEATHER TYPE. T h e r e  may be  a p s y c h o l o g i c a l  r e a c t i o n  t o  e x t e n d e d  
p e r i o d s  o f  t h e  same w e a t h e r  e v e n  w i t h i n  t h e  l i m i t s  o f  c o m f o r t a b l e  E T .  

- WEATHER AND INSECTS. Mosquitoes, sandflies etc. a~fect comfort and their Hfe cycle 
is dependent on meteorological conditions. 

- WEATHER AND AIR POLLUTION. Meteorological conditions in the first few hundred feet 
control the degree of pollution of the atmosphere by industrial plants. 
Man's health can suffer significantly in this environment which is polluted by his 
own efforts to increase his comfort. 
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ABSTRACT.- The c o n c e p t  o f  e f f e c t i v e  t e m p e r a t u r e  a p p e a r s  t o  h a v e  c e r t a i n  a d v a n t a g e s  
f o r  i n d o o r  u s e  and  i s  a p p l i e d  a s  an e x a m p l e  t o  t h e  c l i m a t o l o g i c a l  d a t a  f o r  A l i c e  
S p r i n g s ,  A u s t r a l i a .  A v e r a g e  v a l u e s  o f  e f f e c t i v e  t e m p e r a t u r e  f o r  t h e  h o t t e s t  h o u r  o f  
t h e  d a y  a r e  c o m p a r e d  w i t h  t h o s e  f o r  c e r t a i n  A u s t r a l i a n  and  o v e r s e a s  l o c a t i o n s  and  i t  
i s  c o n c l u d e d  t h a t ,  a l t h o u g h  A l i c e  S p r i n g s  i s  u n c o m f o r t a b l e  f o r  a s u b s t a n t i a l  p a r t  o f  
t h e  warm s e a s o n ,  t h e  c l i m a t e  i s  more  c o m f o r t a b l e  t h a n  t h e  t r o p i c a l  n o r t h  o f  A u S t r a -  
l i a  and  some o v e r s e a s  a r i d  a r e a s .  The l a r g e r  d i u r n a l  r a n g e  a t  A l i c e  S p r i n g s  m e a n s  
more  c o m f o r t a b l e  n i g h t s  t h a n  i n  a r e a s  n e a r  t h e  t r o p i c a l  c o a s t .  I t  i s  s t r e s s e d  t h a t  
mean v a l u e s  c a n  be m i s l e a d i n g ,  and  f o r  a d e q u a t e  t r e a t m e n t  i r i s  n e c e s s a r y  t o  e x a m i n e  
t h e  d i s t r i b u t i o n  o f  d a i l y  v a l u e s .  

ZUSAMMENFASSUNG.- Das Konzept der effektiven Temperatur scheint gewisseVorteile ffir 
die A_nwendung im geschlossenen Raum zu besitzen und wird als Beispiel f~r die kli- 
matologischen Daten yon Alice Springs angewandt. Durchschnittswerte der effektiven 
Temperatur fdr die heisseste Stunde des Tages werden~t denen f~r bestimmte austra- 
lische und ~herseeische Orte vergliehen.Es wird gefolgert,dass,obwohl Alice Springs 
f~r einen bestimmtenTeil der warmen Jahreszeit ein unbek~mmliches Milieu hat, das 
Klima trotzdem bekbmmlicher ist als der tropische Norden Australiens und einigeari- 
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de G e b i e t e  i n  Ube r seeo  Die g r ~ s s e r e  Tagesschwankung  i n  A l i c e  S p r i n g s  i s t  g l e i c h b ~  
d e u t e n d  m i t  b e k ~ m m l i c h e r e n  N~ch ten ,  a l s  s i e  i n  den G e b i e t e n  nahe der t r o p i s c h e n  K~s-  
t e  v o r h a n d e n  s i n d .  Es muss g e f o l g e r t  werden~ dass  M i t t e l w e r t e  zu f a l s c h e n  Deu tungen  
f f ih ren  und d a s s  es f ~ r  e i n e n  genauen  V e r g l e i c h  n o t w e n d i g  i s t ~ d i e V e r t e i l u n g  d e r  t ~ g -  
l i c h e n  Wer te  h i n z u z u z i e h e n .  

RESUME.- Le c o n c e p t  de l a  t e m p e r a t u r e  e f f e c t i v e  semble  p r e s e n t e r  c e r t a i n s  a v a n t a g e s  
• . , • • . . • 

pour  c a r a c t e r l s e r  l e  c l x m a t  l n t e r l e u r  des  h a b i t a t i o n s .  I1 e s t  a p p l x q u e  i c i  p a r  exem- 
p l e  aux donnges  c l i m a t o l o g i q u e s  d ' A l i c e  S p r i n g s  ( A u s t r a l i e ) .  On compare des  v a l e u r s  
moyennes de l a  t e m p S r a t u r e  e f f e c t i v e  des  h e u r e s  l e s  p l u s  chaudes  de l a  j o u r n S e  avec  
des  v a l e u r s  s i m i l a i r e s  p r o v e n a n t  d ' a u t r e s  l i e u x  d ' A u s t r a l i e  ou d ' a i l l e u r s . 0 n e n  c o n -  
c l u t  b i e n  q u ' ~  A l i c e  S p r i n g s  l e  c l i m a t  s o i t  peu  p r o p i c e  d u r a n t  une bonne p a t t i e  de 

• p  

la saison chaude; mais il est, en general, moins • que eprouvant dans le nord tropi- 
cal ~ l'Australie ou que dans des rSgions arides d'autres continents. La grande va- 
riation diurne que l'on observe ~ Alice Springs rend les nuits plus ~pportables que 
dans le voisinage de la cSte tropicale. Ii faut en conclure que les valeurs moyennes 
peuvent conduir ~ de fausses interpretations et que, pour Stablir des comparaisons 
valables, il fau% tenir compte aussi de la repartltlon des valeurs journalxeres. 


