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Credible Interval Temperature Forecasting: 

Some Experimental Results* 

Allan H. Murphy** and Robert L. Winkler*** 

Abstract 

This paper describes the results of an experiment 
involving credible interval temperature forecasts. A 
credible interval is an interval of values of the variable 
of concern, in this case maximum or minimum temperature, 
accompanied by a probability which expresses a forecaster's 
"degree of belief" that the temperature will fall in the 
given interval. The experiment was designed to investi- 
gate the ability of forecasters to express the uncertainty 
inherent in their temperature forecasts in probabilistic 
terms and to compare two approaches (variable-width and 
fixed-width intervals) to credible interval temperature 
forecasting. 

Four experienced weather forecasters participated 
in the experiment, which was conducted at the National 
Weather Service Forecast Office in Denver, Colorado. Two 
forecasters made variable-width, fixed-probability fore- 
casts using 50% and 75% intervals, while the other two 
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f o r e c a s t e r s  made f ixed-width,  v a r i a b l e - p r o b a b i l i t y  f o re -  
c a s t s  us ing  50F and 90F i n t e r v a l s .  On each occas ion  t h e  
f o r e c a s t e r s  f i r s t  determined a median, and t h e  v a r i a b l e -  
w id th  and f ixed-width i n t e r v a l s  were t h e n  c e n t e r e d  a t  t h e  
median i n  terms o f  p r o b a b i l i t y  and w id th ,  r e s p e c t i v e l y .  

The r e s u l t s  i n d i c a t e  t h a t ,  o v e r a l l ,  t h e  medians 
determined by t h e  f o r e c a s t e r s  were good p o i n t  f o r e c a s t s  
o f  maximum and minimum tempera tures .  F u r t h e r ,  a  compari- 
son o f  t h e  average e r r o r s  f o r  t h e  f o r e c a s t e r s '  medians 
w i t h  t h e  average e r r o r s  f o r  t h e  medians de r i ved  from 
c l ima to logy  r e v e a l s  t h a t  t h e  f o r e c a s t e r s  were a b l e  t o  
improve g r e a t l y  upon c l imato logy .  The var iab le -w id th  
c r e d i b l e  i n t e r v a l s  were ve ry  r e l i a b l e  i n  t h e  sense  t h a t  
t h e  observed r e l a t i v e  f requenc ies  corresponded ve ry  c lose -  
l y  t o  t h e  f o r e c a s t  p r o b a b i l i t i e s .  Moreover, t h e  v a r i a b l e -  
w id th  i n t e r v a l s  were more r e l i a b l e  and much more p r e c i s e  
than  t h e  corresponding f o r e c a s t s  de r i ved  from c l imato logy .  
The f ixed-width i n t e r v a l s ,  on t h e  o t h e r  hand, were ass ign-  
ed p r o b a b i l i t i e s  t h a t  were, on t h e  ave rage ,  cons ide rab l y  
i d r g e r  t h a n  t h e  cor respond ing  r e l a t i v e  f r e q u e n c i e s .  

I n  summary, t h e  r e s u l t s  i n d i c a t e  t h a t  weather  
f o r e c a s t e r s  can use  c r e d i b l e  i n t e r v a l s  t o  d e s c r i b e  t h e  
u n c e r t a i n t y  con ta ined i n  t h e i r  tempera ture  f o r e c a s t s .  
The i m p l i c a t i o n s  o f  t h e s e  exper imenta l  r e s u l t s  f o r  prob- 
a b i l i t y  f o r e c a s t i n g  i n  g e n e r a l  and tempera ture  f o r e c a s t -  
i n g  i n  p a r t i c u l a r  a r e  d i scussed .  

1. I n t r o d u c t i o n  

P r o b a b i l i t y  f o r e c a s t s  i n  meteorology s e r v e  two b a s i c  

purposes :  1) t h e y  prov ide  f o r e c a s t e r s  w i th  a means o f  ex- 

p r e s s i n g  t h e  u n c e r t a i n t y  i n h e r e n t  i n  t h e i r  f o r e c a s t s  and 

2 )  t h e y  prov ide  p o t e n t i a l  u s e r s  o f  such f o r e c a s t s  w i th  i n f o r -  

mat ion needed t o  make r a t i o n a l  d e c i s i o n s  i n  u n c e r t a i n  s i t u a -  

t i o n s .  For  t h e s e  reasons ,  t h e  Na t i ona l  Weather S e r v i c e  ( N W S ) ,  

i n  1965, i n i t i a t e d  a nat ionwide program i n  which p r o b a b i l i t y  

o f  p r e c i p i t a t i o n  (POP) f o r e c a s t s  were fo rmula ted  and i s s u e d  t o  t h e  

g e n e r a l  p u b l i c .  T h i s  program h a s  now been i n  e x i s t e n c e  f o r  

a lmost  a decade,  and t h e  ev idence p r e s e n t l y  a v a i l a b l e  sug- 

g e s t s  t h a t  t h e  POP f o r e c a s t s  a r e  cons idered ,  by bo th  f o r e -  



c a s t e r s  and t h e  genera l  pub l i c ,  t o  be an important and i n t e -  

g r a l  p a r t  of t h e  NWS's pub l i c  weather f o r e c a s t s  (e.g. American 

Telephone and Telegraph Company, [2] , Bicker t  , [3] , and 

Murphy and Winkler, [6] ) . 
P r e c i p i t a t i o n  occurrence has rece ived t h e  g r e a t e s t  

a t t e n t i o n  i n  terms of p r o b a b i l i t y  fo recas t ing .  On t h e  o t h e r  

hand, s u b j e c t i v e  p r o b a b i l i t y  f o r e c a s t s  of o t h e r  meteorologi- 

c a l  v a r i a b l e s  have been prepared on an exper imental  b a s i s  

( s e e ,  f o r  example, Sanders, [8] , S t a e l  von Ho ls te in ,  [lo] ) . 
Moreover, p r o b a b i l i t y  f o r e c a s t s  of a v a r i e t y  of meteorologi- 

c a l  v a r i a b l e s  a r e  c u r r e n t l y  being prepared on an opera t iona l  

b a s i s  us ing t h e  model output  s t a t i s t i c s  approach and these  

" o b j e c t i v e  " f o r e c a s t s  a r e  r o u t i n e l y  provided t o  NWS fore-  

c a s t e r s  a s  guidance (see  Klein and Glahn, [5]). However, t h e  

f o r e c a s t s  of these v a r i a b l e s  d isseminated t o  t h e  genera l  

p u b l i c  a r e  s t i l l  expressed i n  c a t e g o r i c a l  te rms,  a s i t u a t i o n  

which is  due i n  p a r t  t o  t h e  lack  of s u i t a b l e  modes of expres-  

s i o n  f o r  the  uncer ta in ty  contained i n  these  f o r e c a s t s .  I n  

t h i s  regard ,  t h e  ranges of cont inuous v a r i a b l e s  such a s  tem- 

p e r a t u r e  have genera l l y  been d iv ided i n t o  s e v e r a l  (o f ten  f i v e  

o r  more) c a t e g o r i e s .  A s  a r e s u l t ,  a s i n g l e  f o r e c a s t  c o n s i s t s  

of s e v e r a l  p r o b a b i l i t i e s ,  one f o r  each category .  C lea r l y ,  

t h i s  mode of express ion makes e f f e c t i v e  communication of t h e  

uncer ta in ty  i nheren t  i n  f o r e c a s t s  of such v a r i a b l e s  very 

d i f f i c u l t .  

One poss ib le  (and promising) format f o r  p r o b a b i l i t y  

f o r e c a s t s  of continuous v a r i a b l e s  such a s  temperature invo lves  



t h e  concept  o f  a  c r e d i b l e  i n t e r v a l ,  which i s  an i n t e r v a l  o f  

p o t e n t i a l  v a l u e s  of t h e  v a r i a b l e  t o g e t h e r  w i th  a p r o b a b i l i t y  

t h a t  t h e  a c t u a l  va lue  of t h e  v a r i a b l e  w i l l  f a l l  i n  t h e  i n t e r -  

v a l .  Pe te rson ,  Snapper,  and Murphy [7 ,  p.969] r e c e n t l y  con- 

duc ted  an exper iment  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of  cred-  

i b l e  i n t e r v a l  tempera ture  f o r e c a s t i n g  and concluded t h a t  

"weather  f o r e c a s t e r s  can use c r e d i b l e  i n t e r v a l s  t o  d e s c r i b e  

t h e  u n c e r t a i n t y  i n h e r e n t  i n  t h e i r  tempera ture  f o r e c a s t s . "  

I n  t h i s  paper  t h e  r e s u l t s  o f  an exper iment  i nvo l v ing  

c r e d i b l e  i n t e r v a l  tempera ture  f o r e c a s t s  a r e  p resen ted .  The 

exper iment  was des igned t o  i n v e s t i g a t e  f u r t h e r  t h e  a b i l i t y  

of f o r e c a s t e r s  t o  exp ress  t h e  u n c e r t a i n t y  i n  t h e i r  tempera- 

t u r e  f o r e c a s t s  i n  p r o b a b i l i s t i c  t e r m s  and t o  compare two 

approaches (var iab le -w id th  c r e d i b l e  i n t e r v a l s  and f ixed-width 

c r e d i b l e  i n t e r v a l s )  t o  c r e d i b l e  i n t e r v a l  tempera ture  fo re -  

c a s t i n g .  I n  Sec t i on  2 t h e  concept  of  c r e d i b l e  i n t e r v a l  f o re -  

c a s t s  i s  d e f i n e d  and d iscussed.  The exper iment  i t s e l f  i s  

d e s c r i b e d  i n  Sec t i on  3 ,  and t h e  r e s u l t s  of  t h e  exper iment  

a r e  p resen ted  i n  Sec t i on  4 .  Sec t i on  5 c o n t a i n s  a d i s c u s s i o n  

o f  some i m p l i c a t i o n s  of t h e  exper imenta l  r e s u l t s  f o r  temper- 

a t u r e  f o r e c a s t i n g  i n  p a r t i c u l a r  and f o r  p r o b a b i l i t y  f o r e c a s t -  

i n g  i n  gene ra l .  

2 .  C r e d i b l e  I n t e r v a l  Temperature F o r e c a s t s  

A s  i n d i c a t e d  i n  t h e  Sec t i on  1, u n c e r t a i n t y  e x i s t s  i n  t h e  

f o r e c a s t s  of a l l  t h e  v a r i a b l e s  p r e s e n t l y  inc luded i n  p u b l i c  

weather  f o r e c a s t s .  Y e t  t h e s e  f o r e c a s t s ,  w i t h  t h e  excep t i on  

o f  t h o s e  r e l a t i n g  t o  p r e c i p i t a t i o n  occur rence,  a r e  s t i l l  ex- 



pressed i n  c a t e g o r i c a l  terms. P r e c i p i t a t i o n  occurrence,  of  

course,  lends i t s e l f  q u i t e  we l l  t o  t h e  use of p r o b a b i l i t i e s  

s i n c e  t h i s  v a r i a b l e  i s  a simple dichotomy. A s  a r e s u l t ,  

on ly  a s i n g l e  p r o b a b i l i t y  i s  needed t o  express a f o r e c a s t e r ' s  

uncer ta in ty  about t h e  occurrence of p r e c i p i t a t i o n .  On t h e  

o t h e r  hand, a continuous v a r i a b l e  such a s  temperature r e q u i r e s  

e i t h e r  a f o r e c a s t  cons is t i ng  of s e v e r a l  p r o b a b i l i t i e s  ( see  

Sect ion  1) o r  a completely d i f f e r e n t  type of p r o b a b i l i t y  

f o r e c a s t ,  I d e a l l y ,  an e n t i r e  p r o b a b i l i t y  d i s t r i b u t i o n  would 

be assessed,  b u t  assess ing  such a d i s t r i b u t i o n  i s  n o t  prac-  

t i c a l  e i t h e r  i n  terms of t h e  t ime requ i red  of t h e  f o r e c a s t e r  

o r  i n  terms of repor t i ng  t o  t h e  genera l  pub l i c .  Cred ib le  

i n t e r v a l s  rep resen t  a mode of express ion t h a t  provides some 

p r o b a b i l i s t i c  in format ion wi thout  n e c e s s i t a t i n g  t h e  assess-  

ment of an e n t i r e  d i s t r i b u t i o n .  We w i l l  in t roduce t h i s  d i s -  

cuss ion of t h e  concept of c r e d i b l e  i n t e r v a l s  and t h e i r  use 

i n  f o r e c a s t i n g  maximum (high) and minimum (low) t e m ~ e r a t u r e s  

by f i r s t  cons ider ing  t h e  mode of express ion c u r r e n t l y  used 

t o  desc r ibe  temperature f o r e c a s t s  opera t iona l l y .  

Weather f o r e c a s t e r s  usua l l y  g i ve  p o i n t  f o r e c a s t s  when 

f o r e c a s t i n g  h igh and low temperatures.  The p o i n t  f o r e c a s t  

may, on occasion,  be rep laced by an i n t e r v a l  f o r e c a s t  t h a t  

s p e c i f i e s  a range of temperatures,  b u t  t h e  use fu lness  of t h e  

i n t e r v a l  f o r e c a s t  i s  severe ly  l im i ted  by t h e  f a c t  t h a t  t h e  

p r o b a b i l i t y  t h a t  t h e  f o r e c a s t e r  a s s o c i a t e s  w i th  t h e  i n t e r v a l  

i s  not  g iven.  For example, an i n t e r v a l  f o r e c a s t  such a s  

" t h e  h igh tomorrow w i l l  be between 70' and 76'" ( a l l  tempera- 



t u r e s  r e f e r r e d  t o  i n  t h i s  paper  a r e  i n  O F )  may mean d i f f e r e n t  

t h i n g s  on d i f f e r e n t  occas ions .  I f  me teo ro log i ca l  c o n d i t i o n s  

a r e  r e l a t i v e l y  s t a b l e ,  t h e  f o r e c a s t e r  may f e e l  a lmost  c e r t a i n  

t h a t  t h e  maximum tempera ture  w i l l  be between 70' and 76'. On 

t h e  o t h e r  hand, i f  cond i t i ons  a r e  h i g h l y  v a r i a b l e ,  t h e  fo re -  

c a s t e r  may f e e l  t h a t  t h e  p r o b a b i l i t y  is on ly ,  say ,  about  one- 

h a l f  t h a t  t h e  maximum tempera ture  w i l l  f a l l  i n  t h i s  i n t e r v a l .  

Of cou rse ,  t h e  f o r e c a s t e r  can vary  t h e  width o f  t h e  in -  

t e r v a l  f o r e c a s t .  On some occas ions ,  an  i n t e r v a l  f o r e c a s t  

such a s  " t h e  h igh  tempera ture  w i l l  be between 70' and 76'" 

may seem reasonab le  t o  t h e  f o r e c a s t e r ,  wh i l e  on o t h e r  occa- 

s i o n s  a f o r e c a s t  such a s  " t h e  h igh  tempera ture  w i l l  be be- 

tween 72' and 74'" may seem more a p p r o p r i a t e .  The u s e r  would 

no doubt  f e e l  t h a t  t h e  former f o r e c a s t  sugges ts  more uncer- 

t a i n t y  about  t h e  h igh  tempera ture  tomorrow than does t h e  

l a t t e r  f o r e c a s t ,  and i n  t h i s  sense such i n t e r v a l  f o r e c a s t s  

may be of some va lue .  Never the less ,  a l though u s e r s  may 

a t temp t  t o  make i n f e r e n c e s  concern ing t h e  r e l a t i v e  unce r ta in -  

t y  exp ressed  by d i f f e r e n t  i n t e r v a l  f o r e c a s t s ,  t h e y  cannot ,  

from t h e  in fo rmat ion  g iven  above, "measure" t h e  u n c e r t a i n t y  

exp ressed  by a p a r t i c u l a r  i n t e r v a l  f o r e c a s t .  

P r o b a b i l i t y  can be  thought  of  a s  t h e  language of uncer-  

t a i n t y .  The re fo re ,  i n  o r d e r  t o  convey t h e  amount of uncer- 

t a i n t y  i n  an i n t e r v a l  f o r e c a s t ,  t h e  f o r e c a s t e r  must r e p o r t  

a p r o b a b i l i t y  t o g e t h e r  w i th  t h e  i n t e r v a l .  Th is  p r o b a b i l i t y  

r e p r e s e n t s  t h e  f o r e c a s t e r t s  s u b j e c t i v e  "degree o f  b e l i e f "  

t h a t  t h e  h igh  o r  low tempera ture ,  a s  t h e  c a s e  may be ,  w i l l  



f a l l  i n  t h e  g iven  i n t e r v a l .  When accompanied by a p r o b a b i l i t y ,  

an i n t e r v a l  f o r e c a s t  i s  c a l l e d  a c r e d i b l e  i n t e r v a l .  For  

example, a  f o r e c a s t e r  might say  t h a t  " t h e  p r o b a b i l i t y  i s  0.50 

t h a t  t h e  h igh  t o m o r r o w  w i l l  be between 72' and 74O." 

Pe te rson ,  Snapper,  and Murphy [7, p.9661 s t a t e  t h a t  " t h e  

advantage o f  c r e d i b l e  i n t e r v a l  f o r e c a s t s  i s ,  then ,  t h a t  t h e y  

e n a b l e  f o r e c a s t e r s  t o  q u a n t i f y  t h e  u n c e r t a i n t y  i n h e r e n t  i n  

t h e i r  tempera ture  f o r e c a s t s  and t o  communicate in fo rmat ion  

which may be  impor tan t  t o  p o t e n t i a l  u s e r s  of t h e s e  f o r e c a s t s . "  

J u s t  a s  a p r e c i p i t a t i o n  p r o b a b i l i t y  s e r v e s  a s  a measure 

o f  a f o r e c a s t e r ' s  u n c e r t a i n t y  concern ing t h e  occur rence of 

p r e c i p i t a t i o n ,  a  c r e d i b l e  i n t e r v a l  s e r v e s  a s  a measure o f  a  

f o r e c a s t e r ' s  u n c e r t a i n t y  concern ing  maximum or minimum temper- 

a t u r e .  The two s i t u a t i o n s  d i f f e r ,  however, i n  t h a t  a  s i n g l e  

p r e c i p i t a t i o n  p r o b a b i l i t y  complete ly  d e s c r i b e s  a f o r e c a s t e r ' s  

u n c e r t a i n t y ,  whereas, a t  l e a s t  i n  t h e o r y ,  an i n f i n i t e  number 

of p o t e n t i a l  c r e d i b l e  i n t e r v a l s  f o r  h igh  o r  low tempera ture  

e x i s t ,  each of which on ly  p a r t i a l l y  d e s c r i b e s  a f o r e c a s t e r ' s  

u n c e r t a i n t y .  To complete ly  r e p r e s e n t  a f o r e c a s t e r ' s  uncer-  

t a i n t y  concern ing h igh  o r  l o w  tempera ture ,  an e n t i r e  p robab i l -  

i t y  d i s t r i b u t i o n  i s  needed. Un fo r tuna te l y ,  an  e n t i r e  d i s t r i -  

b u t i o n  i s  n o t  on l y  d i f f i c u l t  t o  a s s e s s  (e.g.  see Winkler ,  [ll] ) , 

b u t  such a d i s t r i b u t i o n  is  i nconven ien t  f o r  r e p o r t i n g  pur- 

poses ,  bo th  because it cannot ,  i n  g e n e r a l ,  be exp ressed  i n  a 

s h o r t ,  s imp le ,  non techn i ca l  f ash ion  and because most u s e r s  

would be  unab le  t o  unders tand or t o  p r o p e r l y  u t i l i z e  such a 

f o r e c a s t .  In  t h i s  r e g a r d ,  a  c r e d i b l e  i n t e r v a l  can be thought  



o f  a s  a  summary measure o f  a p r o b a b i l i t y  d i s t r i b u t i o n .  

Given t h a t  a  c r e d i b l e  i n t e r v a l  i s  t o  be used i n  f o r e -  

c a s t i n g  h igh  o r  low tempera tu re ,  t h e  nex t  q u e s t i o n  concerns 

t h e  s e l e c t i o n  of a  p a r t i c u l a r  i n t e r v a l .  I n  o r d e r  t o  make 

such f o r e c a s t s  a t  l e a s t  somewhat comparable ( a s  w e l l  a s  t o  

i n c r e a s e  t h e i r  u s e f u l n e s s ) ,  c e r t a i n  r e s t r i c t i o n s  must be 

p laced  upon t h e  i n t e r v a l ,  i n s t e a d  of g i v i n g  t h e  f o r e c a s t e r  

complete freedom i n  t h e  s e l e c t i o n  o f  a  c r e d i b l e  i n t e r v a l  on 

each occas ion .  One p o s s i b l e  r e s t r i c t i o n  t h a t  seems reason-  

a b l e  is  t o  l i m i t  t h e  f o r e c a s t e r  t o  r e p o r t i n g  c e n t r a l  c r e d i b l e  

int-.ervals, which a r e  i n t e r v a l s  t aken  from t h e  " c e n t e r "  of 

t h e  f o r e c a s t e r ' s  d i s t r i b u t i o n  i n  te rms of p r o b a b i l i t y .  For  

i n s t a n c e ,  t h e  in te rva l .  from 72' t o  74' i s  a 50% c e n t r a l  

c r e d i b l e  i n t e r v a l  i f  i:he p r o b a b i l i t y  t h a t  t h e  h igh  w i l l  be 

between 72' and 74' i s  0.50,  t h e  p r o b a b i l i t y  t h a t  t h e  h igh  

w i l l  be above 74' i s  0.25 ,  and t h e  p r o b a b i l i t y  t h a t  t h e  h igh  

w i l l  be below 72' is  0.25. Another i n t e r v a l  w i t h  p r o b a b i l i t y  

0 .50  may be  found such t h a t  t h e  p r o b a b i l i t y  t h a t  t h e  h igh  

w i l l  be above t h e  upper l i m i t  of t h e  i n t e r v a l  i s ,  s a y ,  0.30 

and t h e  p r o b a b i l i t y  t h a t  t h e  h igh  w i l l  be below t h e  lower 

l i m i t  of t h e  i n t e r v a l  is  0.20. Such an i n t e r v a l  would be a  

50% c r e d i b l e  i n t e r v a l  b u t  n o t  a  50% c e n t r a l  c r e d i b l e  i n t e r -  

v a l .  

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

a r e  c e n t r a l  i n  te rms o f  p r o b a b i l i t y  seems p a r t i c u l a r l y  reason 

a b l e  when a  r e s t r i c t i o n  on t h e  p r o b a b i l i t y  o f  t h e  i n t e r v a l  

i s  added. For  i n s t a n c e ,  t h e  f o r e c a s t e r  might be  aslced t o  



always r e p o r t  a  50% c e n t r a l  c r e d i b l e  i n t e r v a l  o r  a  75% c e n t r a l  

c r e d i b l e  i n t e r v a l .  I n  t h i s  c a s e ,  t h e  p r o b a b i l i t y  of  t h e  i n -  

t e r v a l  i s  f i x e d  b u t  t h e  w id th  of t h e  i n t e r v a l  w i l l  va ry  from 

s i t u a t i o n  t o  s i t u a t i o n .  Sometimes a 50% c r e d i b l e  i n t e r v a l  

f o r  h igh  o r  low tempera ture  w i l l  be on l y  3O wide,  wh i l e  a t  

o t h e r  t imes  such an i n t e r v a l  may be  7' wide. For  obvious 

reasons ,  we w i l l  c a l l  a  f o r e c a s t  of  t h i s  n a t u r e  a v a r i a b l e -  

width c r e d i b l e  i n t e r v a l .  

An obvious a l t e r n a t i v e  t o  var iab le -w id th  f o r e c a s t s  is  a 

r e s t r i c t i o n  t h a t  f i x e s  t h e  width of t h e  i n t e r v a l  b u t  a l l ows  

t h e  f o r e c a s t e r  t o  va ry  t h e  p r o b a b i l i t y  a s s o c i a t e d  w i th  t h e  

i n t e r v a l .  For i n s t a n c e ,  t h e  f o r e c a s t e r  might be asked t o  

r e p o r t  a  c r e d i b l e  i n t e r v a l  t h a t  i s  e x a c t l y  5' wide. I n  some 

c a s e s  t h e  p r o b a b i l i t y  of  such an i n t e r v a l  might  be 0.50, 

whereas i n  o t h e r  c a s e s  it might be  0.90. A f o r e c a s t  o f  t h i s  

n a t u r e  w i l l  be c a l l e d  a f ixed-width c r e d i b l e  i n t e r v a l .  I n  

t h e  exper iment  desc r i bed  i n  t h i s  pape r ,  bo th  var iab le -w id th  

c r e d i b l e  i n t e r v a l s  and f ixed-width c r e d i b l e  i n t e r v a l s  were 

cons ide red .  I n  t h e  Pe te rson ,  Snapper,  and Murphy [7] expe r i -  

ment,  on l y  var iab le -w id th  c r e d i b l e  i n t e r v a l s  were i n v e s t i g a t -  

ed.  

3. Design of t h e  Experiment 

The s u b j e c t s  i n  t h e  exper iment  were f o u r  exper ienced 

weather  f o r e c a s t e r s  from t h e  NWS's Weather S e r v i c e  Fo recas t  

O f f i c e  (WSFO) a t  S t a p l e t o n  I n t e r n a t i o n a l  A i r p o r t ,  Denver, 

Colorado. The f o r e c a s t e r s ,  a l l  o f  whom possessed Bache lo r ' s  



degrees i n  meteorology, ranged i n  age from 47 t o  57 years .  

They averaged 26  years  of weather fo recas t ing  exper ience 

(range:  18 t o  3 1 ) ,  17.5 years  of exper ience a t  t h e  Denver 

WSFO (range:  12 t o  271, and 5.75 years  of p r o b a b i l i t y  fore-  

c a s t i n g  exper ience (range: 4 t o  8)  . 
Each t ime they were on pub l i c  weather fo recas t ing  duty 

dur ing t h e  per iod of t h e  experiment, t h e  f o r e c a s t e r s  made 

c r e d i b l e  i n t e r v a l  f o r e c a s t s  of h igh and low temperatures f o r  

Denver. On t h e  day s h i f t ,  t h e  f o r e c a s t s  were f o r  " t o n i g h t ' s  

low" and "tomorrow's h igh , "  whereas on t h e  midnight s h i f t  t h e  

f o r e c a s t s  were f o r  " today ' s  high" and " t o n i g h t ' s  low." Be- 

cau,.;e t h e  f o r e c a s t e r s v  sc!ledules r o t a t e d  them t o  o the r  d u t i e s  

( e . g . ,  a v i a t i o n  fo recas t ing )  on a regu la r  b a s i s  and because 

of .:scations and o t h e r  leaves,  approximately f i v e  months were 

requ i red  t o  ob ta in  a t  l e a s t  30 s e t s  of f o r e c a s t s  from each 

p a r t i c i p a n t .  The f o r e c a s t s  analyzed i n  t h i s  paper were col -  

l e c t e d  over  a per iod  from August 1972 t o  March 1973, and t h e  

fou r  p a r t i c i p a n t s  formulated 32, 34, 30, and 31 s e t s  of fo re-  

c a s t s ,  respec t i ve l y .  

Two of t h e  f o r e c a s t e r s  worked wi th in  t h e  framework of 

var iable-width,  f i xed -p robab i l i t y  f o r e c a s t s ,  us ing 50% and 

75% c e n t r a l  c r e d i b l e  i n t e r v a l s .  To ob ta in  t h e s e  i n t e r v a l s ,  

each f o r e c a s t e r  was asked t o  make a t o t a l  of f i v e  " i nd i f fe rence  

judgments" a t  equa l  odds. The f i r s t  i n d i f f e r e n c e  judgment 

determines t h e  median of t h e  f o r e c a s t e r ' s  p r o b a b i l i t y  d i s t r i -  

bu t ion  ( i . e . ,  t h e  temperature t h a t  t h e  f o r e c a s t e r  f e e l s  i s  

equa l l y  l i k e l y  t o  be exceeded o r  no t  exceeded by t h e  a c t u a l  



h igh  o r  low tempera tuxe l ,  The second i n d i f f e r e n c e  judgement 

de termines  t h e  25 th  p e r c e n t i l e  o f  t h e  f o r e c a s t e r ' s  d i s t r i b u -  

t i o n  by ask ing  t h e  f o r e c a s t e r  t o  s p e c i f y  a  tempera ture  va lue  

t h a t  d i v i d e s  t h e  i n t e r v a l  below t h e  median i n t o  two e q u a l l y  

l i k e l y  s u b i n t e r v a l s ,  j u s t  a s  t h e  median d i v i d e d  t h e  e n t i r e  

range o f  tempera tures  i n t o  two e q u a l l y  l i k e l y  i n t e r v a l s .  The 

t h i r d  i n d i f f e r e n c e  judgment de termines  t h e  12-1/2th p e r c e n t i l e  

of  t h e  f o r e c a s t e r ' s  d i s t r i b u t i o n  by a s k i n g  t h e  f o r e c a s t e r  t o  

s p e c i f y  a  va lue  t h a t  d i v i d e s  t h e  i n t e r v a l  below t h e  25th per -  

c e n t i l e  i n t o  two e q u a l l y  l i k e l y  s u b i n t e r v a l s .  The f o u r t h  

and f i f t h  i n d i f f e r e n c e  judgments a r e  analogous t o  t h e  second 

and t h i r d  i n d i f f e r e n c e  judgments, excep t  t h a t  t h e y  a r e  con- 

cerned w i th  t h e  i n t e r v a l  above t h e  median and w i t h  s p e c i f y i n g  

t h e  75 th  and 87-1/2th p e r c e n t i l e s  r a t h e r  t h a n  t h e  25 th  and 

12-1/2th p e r c e n t i l e s .  For a  more d e t a i l e d  exp lana t i on  of t h e  

i n d i f f e r e n c e  judgments invo lved  i n  f o rmu la t i ng  t h e  v a r i a b l e -  

w id th  i n t e r v a l  f o r e c a s t s ,  see t h e  Appendix. 

Once t h e  f i v e  i n d i f f e r e n c e  judgments a r e  made, t h e  50% 

c e n t r a l  c r e d i b l e  i n t e r v a l  is t h e  i n t e r v a l  from t h e  25 th  per-  

c e n t i l e  t o  t h e  75 th  p e r c e n t i l e ,  and t h e  75% c e n t r a l  c r e d i b l e  

i n t e r v a l  is  t h e  i n t e r v a l  from t h e  12-1/2th p e r c e n t i l e  t o  t h e  

87-1/2th p e r c e n t i l e .  Thus, t h e  50% and 75% c e n t r a l  c r e d i b l e  

i n t e r v a l s  a r e  conven ien t  t o  de termine  i n  t h e  sense  t h a t  t hey  

r e q u i r e  on l y  f i v e  s imp le ,  equal-odds i n d i f f e r e n c e  judgments, 

whereas,  f o r  example, a  95% c r e d i b l e  i n t e r v a l  would r e q u i r e  

many a d d i t i o n a l  equal-odds i n d i f f e r e n c e  judgments o r  one o r  

more i n d i f f e r e n c e  judgments i nvo l v ing  unequal  odds. A s  noted  



by Pe te rson ,  Snapper,  and Murphy [7] , unequal-odds judgments 

a r e  more d i f f i c u l t  t o  make t h a n  equal-odds judgments, p a r t i c -  

u l a r l y  f o r  f o r e c a s t e r s  who a r e  inexper ienced i n  making c red-  

i b l e  i n t e r v a l  f o r e c a s t s .  A l t e r n a t i v e l y ,  o f  cou rse ,  t h e  

f o r e c a s t e r  cou ld  s imply be  asked d i r e c t l y  t o  g i v e  a 50% cen- 

t r a l  c r e d i b l e  i n t e r v a l  o r  any o t h e r  c r e d i b l e  i n t e r v a l .  The 

i n d i r e c t  procedure used he re  p rov ides  t h e  f o r e c a s t e r  w i th  a 

s y s t e m a t i c  procedure f o r  de termin ing  c r e d i b l e  i n t e r v a l s .  I f  

t h i s  p rocedure  i s  fo l lowed,  t h e n  t h e  f o r e c a s t e r  can examine 

t h e  r e s u l t i n g  i n t e r v a l s  and determine whether t hey  seem 

reasonab le .  I n  t h e  exper iment ,  t h e  f o r e c a s t e r s  were asked 

t o  check t h e i r  responses  a s  fo l l ows :  

Looking a t  your  responses ,  do you f e e l  
t h a t  it is e q u a l l y  l i k e l y  t h a t  t h e  max- 
imum tempera ture  w i l l  be i n  t h e  i n t e r -  
v a l  from your  25th t o  75th p e r c e n t i l e s  
o r  o u t s i d e  t h i s  i n t e r v a l ?  Also,  do you 
f e e l  t h a t  it is t h r e e  t imes  a s  l i k e l y  
t h a t  t h e  maximum tempera ture  w i l l  be i n  
t h e  i n t e r v a l  from your  12-1/2th t o  
87-1/2th p e r c e n t i l e s  a s  t h a t  it w i l l  be 
o u t s i d e  t h i s  i n t e r v a l ?  I f  n o t ,  you 
shou ld  r e c o n s i d e r  your  responses  and 
make any changes t h a t  seem necessa ry .  

A s  no ted  above, on ly  two o f  t h e  f o u r  f o r e c a s t e r s  made 

va r i ab le -w id th  i n t e r v a l  f o r e c a s t s .  The o t h e r  two f o r e c a s t e r s  

worked w i t h i n  t h e  framework o f  f ixed-width,  va r i ab le -p robab i l -  

i t y  f o r e c a s t s ,  us ing  i n t e r v a l s  o f  width 5' and 9'. F i r s t ,  

t h e  median of t h e  f o r e c a s t e r ' s  d i s t r i b u t i o n  was de termined,  

j u s t  a s  i n  t h e  c a s e  of t h e  va r i ab le -w id th  f o r e c a s t s .  Then, 

t h e  f o r e c a s t e r  was asked t o  de termine  p r o b a b i l i t i e s  f o r  i n -  

t e r v a l s  o f  width 5' and 9' c e n t e r e d  a t  t h e  median. A l l  i n t e r -  



v a l s  w e r e  assumed t o  i n c l u d e  t h e i r  end p o i n t s ,  and a l l t e m p e r -  

a t u r e s  w e r e  recorded t o  t h e  n e a r e s t  deg ree  (e .g .  t h e  i n t e r -  

v a l  from 63' t o  67' i s  of  w id th  5O, s i n c e  it i n c l u d e s  a l l  

t empera tu res  from 62.5' t o  67.5'). Thus, i f  t h e  median is  

70°, f o r  example, t h e  two i n t e r v a l s  o f  concern i n  t h e  f i xed -  

w id th  s i t u a t i o n  would be t h e  i n t e r v a l  from 68' t o  72' and 

t h e  i n t e r v a l  from 66' t o  74'. 

Although t h e  f ixed-width i n t e r v a l s  a r e  symmetric about  

t h e  median i n  terms of  w id th ,  t h e y  w i l l  n o t  always be sym- 

m e t r i c  about  t h e  median i n  te rms o f  p r o b a b i l i t y .  For  example, 

when t h e  f o r e c a s t e r ' s  p r o b a b i l i t y  d i s t r i b u t i o n  i s  asymmetr ic,  

f i xed-w id th  i n t e r v a l s  w i l l  n o t ,  i n  g e n e r a l ,  be  symmetr ic about  

t h e  median i n  t e r m s  of p r o b a b i l i t y .  I n  such c a s e s ,  t h e  i n -  

t e r v a l s  w i l l  n o t  be c e n t r a l  c r e d i b l e  i n t e r v a l s ,  and t h e  deg ree  

t o  which t h e s e  i n t e r v a l s  d e v i a t e  from c e n t r a l  c r e d i b l e  i n t e r -  

v a l s  w i l l  be a  func t i on  of t h e  deg ree  of asymmetry of t h e  

f o r e c a s t e r ' s  d i s t r i b u t i o n .  Of cou rse ,  t h e  f o r e c a s t e r  cou ld  

be asked d i r e c t l y  f o r  a  c e n t r a l  c r e d i b l e  i n t e r v a l  o f  w id th  

5' o r  9' i n s t e a d  o f  us ing  t h e  more i n d i r e c t  approach t h a t  

i nvo l ves  c e n t e r i n g  a l l  o f  t h e  i n t e r v a l s  a t  t h e  median of t h e  

f o r e c a s t e r ' s  d i s t r i b u t i o n .  Once t h e  median i s  determined,  

however, a  f ixed-width c r e d i b l e  i n t e r v a l  cen te red  a t  t h e  

median on l y  r e q u i r e s  t h e  f o r e c a s t e r  t o  r e p o r t  a  p r o b a b i l i t y  

f o r  t h a t  i n t e r v a l .  I f  t h e  i n t e r v a l  i s  n o t  c e n t e r e d  a t  t h e  

median, t h e n  t h e  f o r e c a s t e r  must r e p o r t  bo th  a  p r o b a b i l i t y  

and a t  l e a s t  one end p o i n t  of t h e  i n t e r v a l .  - 



P r i o r  t o  t h e  star t  of t h e  exper iment ,  t h e  a u t h o r s  met 

w i th  t h e  f o r e c a s t e r s  from t h e  Denver WSFO ( i nc lud ing  some 

f o r e c a s t e r s  who d i d  no t  t a k e  p a r t  i n  t h e  exper iment)  and 

d i scussed  t h e  concept  of  c r e d i b l e  i n t e r v a l  tempera ture  fo re -  

c a s t s .  Fol lowing t h i s  meet ing,  leng thy  s e t s  o f  i n s t r u c t i o n s  

Tiere g iven  t o  t h e  p a r t i c i p a n t s ,  who were encouraged t o  read 

t h e  i n s t r u c t i o n s ,  t o  make s e v e r a l  " p r a c t i c e u  f o r e c a s t s ,  and 

t o  d i s c u s s  any d i f f i c u l t i e s  w i th  t h e  exper imenters .  The 

, n s t r u c t i o n  s e t s  inc luded d i s c u s s i o n s  o f  how c r e d i b l e  i n t e r -  

v a l s  d e s c r i b e  a f o r e c a s t e r ' s  u n c e r t a i n t y  when making temper- 

~ t u r e  f o r e c a s t s ;  c a r e f u l  d e f i n i t i o n s  of t h e  terminology t o  

\e used i n  t h e  exper iment ;  h y p o t h e t i c a l  d ia logues  between an 

"e rpe r imen te r "  and a " f o r e c a s t e r "  t o  i l l u s t r a t e  t h e  procedures 

and ' o  answer a n t i c i p a t e d  q u e s t i o n s ;  and b r i e f  summaries of 

t h e  procedures  t o  i n s u r e  unders tand ing  on t h e  p a r t  o f  t h e  

f o r e c a s t e r s .  S ince  t h e  i n s t r u c t i o n  s e t s  were q u i t e  impor tan t  

i n  t h i s  exper iment  and s i n c e  a b r i e f  d e s c r i p t i o n  f a i l s  t o  

c a p t u r e  t h e  essence o f  such i n s t r u c t i o n  s e t s ,  t h e  i n s t r u c t i o n s  

f o r  t h e  var iab le -w id th  approach a r e  p resen ted  i n  t h e  Appendix 

of t h i s  paper .  No d i f f i c u l t i e s  a r o s e  a f t e r  t h e  i n s t r u c t i o n  

s e t s  were d i s t r i b u t e d ,  and we b e l i e v e  t h a t  t h e  p a r t i c i p a n t s  

understood t h e  exper imenta l  p rocedures .  

4 .  R e s u l t s  of t h e  Experiment 

a )  Medians 

Whether t hey  were concerned w i t h  var iab le -w id th  o r  f i xed-  

w id th  i n t e r v a l s ,  t h e  f i r s t  t a s k  on each f o r e c a s t i n g  occas ion  



for all of the participants in the experiment was to determine 

a median. A comparison of these median temperatures (MTs) 

with the corresponding observed temperatures (OTs) is present- 

ed in Table 1. For the entire sample (n=254), MT equalled 

OT 12.6% of the time, MT was greater than OT 39.4% of the 

time, and MT was less than OT 48.0% of the time. Thus, a 

slight tendency existed for the MTs to underestimate the OTs. 

A careful examination of Table 1 reveals that this result is 

due largely to Forecaster 4, who underestimated more than 

twice as often (59.7% to 25.8%) as he overestimated. The 

other three forecasters exhibited little systematic bias of 

this nature, for their frequency of underestimation approxi- 

mately equalled their frequency of overestimation. Forecaster 

4's tendency to underestimate also explains the differences 

(in terms of underestimation versus overestimation) between 

variable-width forecasts (Forecasters 1 and 2) and fixed- 

width forecasts (Forecasters 3 and 4). Since all of the 

participants formulated forecasts of both maximum and minimum 

temperature, however, a tendency to underestimate minimum 

temperatures (56.7% underestimates, 31.5% overestimates) and 

a lesser tendency to overestimate maximum temperatures (47.2% 

overestimates, 39.4% underestimates) cannot be explained in 

terms of any individual forecaster. 

The discussion in the preceding paragraph is further 

supported by the average difference between MT and OT (see 

Table 1). Forecasters 1, 2, and 3 had average differences 

ranging from -0.3' to O.oO, whereas for Forecaster 4 the 



Set of 

Forecasts 

A l l  

Variable-Wid th 

Fixed-Wid th 

Table 1 .  A comparison of the median temperature (MT) , the observed temperature (OT) , 
and t h e  fo recas t  tmpera ture  (FT) .  

Max h u m  

Minimum 

Forecaster 1 

Forecaster 2 

Forecaster 3 

Forecaster 4 

Number of 

Forecasts 

Percentages 

MT > OT MT = OT MT < OT , -  - - 

Average (Standard Deviation) 

MT-OT I MT-OT I (MT-OT) ( FT-OT I 
(OF) (OF) (OF> (OF) 



average d i f f e r e n c e  was -1.5'. Once a g a i n ,  Fo recas te r  4 ' s  

f o r e c a s t s  e x p l a i n  bo th  t h e  o v e r a l l  tendency f o r  MT t o  under- 

e s t i m a t e  OT and t h e  d i f f e r e n c e  between var iab le -w id th  and 

f ixed-width f o r e c a s t s .  A lso,  t h e  above comments comparing 

f o r e c a s t s  o f  maximum and minimum tempera tures  a r e  suppor ted  

by t h e  average d i f f e r e n c e s  between t h e  median and observed 

tempera tu res .  

Of cou rse ,  even i f  t h e  average d i f f e r e n c e  i s  c l o s e  t o  

ze ro ,  t h e  a c t u a l  d i f f e r e n c e s  may t e n d  t o  be  q u i t e  l a r g e  i n  

bo th  d i r e c t i o n s .  However, most of  t h e  p o i n t s  i n  F igu re  1, 

a s c a t t e r  d iagram MT v e r s u s  OT, a r e  c l o s e  t o  t h e  d iagona l  

45' l i n e  f o r  which MT e q u a l s  OT. Fur thermore,  t h e  average 

a b s o l u t e  d i f f e r e n c e  between MT and OT was 3.8' ( s tanda rd  

e r r o r  = 0.2') and t h e  averaged squared d i f f e r e n c e  was 24.0(') 

'standard e r r o r  = 2.1  (') 2] . These r e s u l t s  a r e  remarkably 

c o n s i s t e n t  a c r o s s  f o r e c a s t e r s  and d i f f e r e n t  t y p e s  o f  f o re -  

c a s t s  ( s e e  Table l ) ,  a l though some d i f f e r e n c e s  do e x i s t  

[e.g. a s  expec ted ,  t h e  average v a l u e s  o f  1 MT-OT I and (MT-OT) 
2 

w e r e  s l i g h t l y  s m a l l e r  f o r  t h e  12-hour f o r e c a s t s  t h a n  f o r  t h e  

24-hour f o r e c a s t s ] .  S c a t t e r  diagrams ( n o t  p resen ted  h e r e )  

sugges t  t h a t  t h e  average a b s o l u t e  e r r o r  was n o t  a f unc t i on  

o f  t h e  observed temperature.  I n  g e n e r a l ,  t hen ,  t h e  medians 

s e e m  t o  be good p o i n t  f o r e c a s t s .  

For  comparat ive purposes ,  t h e  o f f i c i a l  tempera ture  f o r e -  

c a s t  (FT) i s s u e d  t o  t h e  p u b l i c  was recorded on each  occas ion .  

The average d i f f e r e n c e  between FT and OT was -0.2', and t h e  

cor respond ing  average a b s o l u t e  d i f f e r e n c e  was 3.9' ( s e e  Tab le  1). 



Figure 1. A scat ter  diagram of median temperature (MC) versus observed 
temperature (OT) f o r  en t i r e  sample of fo recas ts  (n = 254). 



Thus, t h e  medians determined by t h e  f o r e c a s t e r s  f o r  t h e  pur- 

poses  o f  t h e  exper iment  were, on t h e  average,  comparable t o  

t h e  o f f i c i a l  f o r e c a s t s  a s  p o i n t  f o r e c a s t s  of maximum and 

minimum tempera tures .  Of cou rse ,  w e  would n o t  expec t  t h e  

medians and o f f i c i a l  f o r e c a s t s  t o  d i f f e r  a g r e a t  d e a l ,  s i n c e  

bo th  w e r e  determined by t h e  same f o r e c a s t e r  on a lmost  a l l  

occas ions .  

The c l i m a t o l o g i c a l  median tempera ture  CCT) p rov ides  a 

conven ien t  s tanda rd  w i th  which t o  compare MT a s  a p o i n t  f o re -  

c a s t . '  The c l i m a t o l o g i c a l  d a t a  f o r  t h e  Denver WSFO f o r  t h e  

f i v e  y e a r s  p reced ing  t h e  exper iment  were used t o  d e f i n e  CT. 

Thus, f o r  example, f o r  t h e  150 September days  i n  t h e  f i v e -  

y e a r  pe r i od  from 1967 t o  1971, t h e  median maximum tempera ture  

was 7g0,  and t h i s  va lue  was used a s  CT f o r  a l l  o f  t h e  September 

f o r e c a s t s  o f  maximum tempera ture .  The r e s u l t s  f o r  CT a r e  

p r e s e n t e d  i n  Tab le  2 ,  and t h e y  appear  t o  be  s i m i l a r  i n  many 

r e s p e c t s  t o  t h e  MT r e s u l t s .  For  example, on t h o s e  occas ions  

on which F o r e c a s t e r  4 was on p u b l i c  weather  f o r e c a s t i n g  d u t y ,  

CT tended t o  underes t imate  OT i n  a manner s i m i l a r  t o  t h a t  

e x h i b i t e d  by MT. I n  a d d i t i o n ,  a tendency t o  underes t imate  

minimum tempera tures  and a l e s s e r  tendency t o  ove res t ima te  

maximum tempera tu res  were e x h i b i t e d  by t h e  CT " f o r e c a s t s . "  

The s i m i l a r i t i e s  between t h e  r e s u l t s  f o r  CT and t h e  

r e s u l t s  f o r  MT sugges t  t h a t  t endenc ies  such a s  a tendency 

t o  unde res t ima te  o r  ove res t ima te  may be due i n  p a r t  t o  un- 

u s u a l  t empera tu res  du r i ng  t h e  exper imenta l  pe r i od .  For  in -  

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



Table 2 .  A comparison of the cl imatological temperature (CT) and the observed temperature (OT). 

Set  of 

Forecasts 

A l l  

Variable-Wid th 

Fixed-Width 

Maximum 

Minimum 

Forecaster 1 

Forecaster 2 

Forecaster 3 

Forecaster 4 

Number of 

Forecasts 

Percentages 

CT = OT CT < OT CT > OT 

Average (Standard Deviation) 

CT-OT I CT-OT I (CT-OT) 
2 

(OF) (OF) 



t h a t  minimum temperatures  were unusual ly  h igh ,  on t h e  average,  

dur ing  t h e  per iod  of t h e  exper iment ,  and t h e  f o r e c a s t e r s  d i d  

no t  " c o r r e c t "  f o r  t h i s  s i t u a t i o n  i n  fo rmula t ing  t h e i r  MTs. 

On t h e  o t h e r  hand, t h e  MTs were c l e a r l y  much b e t t e r  po in t  

f o r e c a s t s  than  t h e  CTs. The average abso lu te  d i f f e r e n c e  

between CT and OT was 8.g0, a s  compared wi th  an average 

I M T - O T  1 of 3.8', and t h e  average squared d i f f e r e n c e  between 

CT and OT was 143.8 ('1 2 ,  a s  compared w i th  an average (MT-OT) 2 

of 24.0 ('1 2 .  I n  fo rmula t ing  po in t  f o r e c a s t s ,  t h e r e f o r e ,  t h e  

f o r e c a s t e r s  were a b l e  t o  improve g r e a t l y  upon c l imatology.  

b )  Variable-Width Cred ib le  I n t e r v a l s  

The r e s u l t s  p resented i n  Table 3 i n d i c a t e  t h a t  t h e  

var iab le-w id th  f o r e c a s t s  were very  r e l i a b l e ,  i n  t h e  sense 

t h a t  t h e  observed r e l a t i v e  f requenc ies  below, i n ,  and above 

t h e  var iab le-w id th  i n t e r v a l s  were extremely c l o s e  t o  t h e  

p r o b a b i l i t i e s  of t h e  i n t e r v a l s .  For t h e  50% i n t e r v a l s ,  t h e  

r e l a t i v e  f requenc ies  were 0.258, 0.455, and 0.288, respec- 

t i v e l y ,  a s  compared wi th  p r o b a b i l i t i e s  o f  0.25,  0.50,  and 0.25 

For t h e  75% i n t e r v a l s ,  t h e  r e l a t i v e  f requenc ies  were 0.106, 

0.735, and 0.159, and t h e  p r o b a b i l i t i e s  were 0.125, 0.750, 

and 0.125. Thus, d e s p i t e  t h e  reasonably l a r g e  sample s i z e  

(n=132),  goodness-of- f i t  tests y i e l d  very  smal l  ch i -square 

va lues  f o r  both t h e  50% and t h e  75% i n t e r v a l s .  Moreover, 

t h e  observed r e l a t i v e  f requenc ies  below, i n ,  and above t h e  

i n t e r v a l s  do no t  appear t o  be func t i ons  of t h e  width of t h e  

c r e d i b l e  i n t e r v a l s  (see Table 4 ) .  



Table 3. Re la t i ve  frequency of occurrence of observed temperature below i n t e r v a l  
(BI), i n  i n t e r v a l  ( T I ) ,  and above interval .  ( A T ) ,  and average i n t e r v a l  
width f o r  ( a )  var iab la-width f o r e c a s t s  and ( b )  c i imato logy.  

Se t  of Number of 
Forecasts  Forecas ts  

(a) Variable-width f o r e c a s t s  

A l l  132 

Maximum 66 

Minimum 66 

Forecaster  1 64 

Forecaster  2 68 

(b) Climatology 

Maximum 6 6 

Minimum 66 

Forecaster  1 64 

Forecaster  2 68 

Percentages of Observed Temperatures 

50% I n t e r v a l s  75% I n t e r v a l s  
BI - - - - A1 11 - B I  A1 =I - 

Average Width (Standard 
Deviat ion of Width) (OF) 

50% I n t e r v a l s  75% I n t e r v a l s  



Table 4. Rela t ive  frequency of occurrence of observed temperature below i n t e r v a l  (BI) ,  i n  i n t e r v a l  (11). and above 
i n t e r v a l  (AI) , and average e r ro r  ( IMT-OT I ) , a l l  a s  a funct ion of i n te rva l  width f o r  variable-width forecasts .  

I n t e r v a l  
Width 
(OF) 

Number of 
Forecasts 

50% I n t e r v a l s  75% I n t e r v a l s  

Percentages of Observed Temperatures 
50% In te rva ls  75% In te rva ls  
B I  I1 A1 g - - - 

50.0 50.0 0.0 ---- ---- ---- 
11.1 55.6 33.3 ---- ---- ---- 

31.8 36.4 31.8 ---- ---- ---- 

18.2 36.4 45.5 0.0 100.0 0.0 

28.6 52.4 19.0 0.0 50.0 50.0 

16.7 83.3 0.0 14.3 71.4 14.3 

50.0 50.0 0.0 9.1 63.6 27.3 

-- ---- ---- 8.3 83.3 8.3 

100.0 0.0 0.0 6.9 82.8 10.3 

---- ---- ---- 8.0 72.0 20.0 

---- ---- ---- 17.2 65.5 17.2 

---- ---- ---- 0.0 66.7 33.3 

---- ---- ---- 0.0 100.0 0.0 

---- ---- ---- 66.7 33.3 0.0 

---- ---- ---- ---- ---- ---- 

Average Error (Standard) 
Deviation of Error)(OF) 

50% In te rva ls  75% In te rva ls  



As in the case of the point forecasts, climatology can 

be used as a standard with which to compare the forecasterst 

variable-width interval forecasts. To generate 50% and 75% 

central credible intervals from the climatological data, the 

appropriate percentiles were determined for each month from 

the maximum and minimum temperatures during that month for 

the five-year period preceding the experiment. Table 3 in- 

cludes the results for the climatological forecasts, and 

these intervals do not appear to be as reliable as the in- 

tervals determined by the forecasters. Furthermore, the 

average widths of the intervals were much greater for cli- 

matology (14.83' and 24.15' for the 50% and 75% intervals, 

respectively) than for the forecasters (6.23' and 11.67') . 
Thus, the forecasters were able to use the information 

available to them to formulate interval forecasts that were 

very reliable and were much more precise than the interval 

forecasts derived from climatology. 

Table 3 also indicates that for forecasts of minimum 

temperature, OT was above the interval more often than would 

be expected (37.9% of the time for the 50% intervals and 

22.7% of the time for the 75% intervals). Of course, this 

result is consistent with the tendency for the forecasters' 

MTs to be underestimates of the OTs for minimum temperature 

forecasts. Similarly, for forecasts of maximum temperature, 

OT was below the interval slightly more often than expected 

(28.8% of the time for the 50% intervals and 15.2% of the 

time for the 75% intervals). Furthermore, the results in 



Tab le  3 i n d i c a t e  t h a t  t h e s e  tendenc ies  w e r e  shared by t h e  

c l i m a t o l o g i c a l  i n t e r v a l s .  A s  i n  t h e  c a s e  of t h e  p o i n t  f o r e -  

c a s t s ,  t endenc ies  such a s  a tendency t o  underes t imate  o r  

ove res t ima te  i n  a s s e s s i n g  c r e d i b l e  i n t e r v a l s  may be  due i n  

p a r t  t o  t h e  n a t u r e  of t h e  weather  du r i ng  t h e  exper imenta l  

per iod .  

Another r e s u l t  of  i n t e r e s t  i s  t h e  occur rence o f  more 

tempera tu res  o u t s i d e  of t h e  i n t e r v a l s  f o r  t h e  24-hour f o re -  

c a s t s  than would be expec ted  from t h e  p r o b a b i l i t i e s .  Only 

39.4% o f  t h e  obse rva t i ons  f e l l  w i t h i n  t h e  50% i n t e r v a l s  and 

on l y  66.7% of t h e  obse rva t i ons  f e l l  w i t h i n  t h e  75% i n t e r v a l s  

( s e e  Table 3 ) .  I n  t h e  terminology of p rev ious  s u b j e c t i v e  

p r o b a b i l i t y  f o r e c a s t i n g  exper iments conducted i n  d i f f e r e n t  

c o n t e x t s  (e.g.  A lpe r t  and R a i f f a ,  [I], S t a e l  von H o l s t e i n ,  [9] ) , 

too many " s u r p r i s e s "  occur red  w i th  r e s p e c t  t o  t h e  24-hour 

c r e d i b l e  i n t e r v a l  f o r e c a s t s .  T h i s  r e s u l t  sugges ts  t h a t  t h e  

i n t e r v a l s  were t o o  narrow and t h a t  t h e  f o r e c a s t e r s  f a i l e d  t o  

a l l ow  f o r  t h e  a d d i t i o n a l  u n c e r t a i n t y  i n  24-hour f o r e c a s t s  a s  

compared w i th  12-hour f o r e c a s t s .  Note, i n  Tab le  3 ,  t h a t  t h e  

average w id ths  of t h e  50% f o r e c a s t s  were on l y  s l i g h t l y  g r e a t -  

e r  f o r  t h e  24-hour f o r e c a s t s  (6.36', a s  compared w i t h  6.11' 

f o r  t h e  12-hour f o r e c a s t s ) ,  and t h e  same is t r u e  f o r  t h e  75% 

f o r e c a s t s  (11. 8g0, a s  compared w i th  11.44') . 2 

F i n a l l y ,  some sma l l  d i f f e r e n c e s  between t h e  f o r e c a s t e r s  

can be observed (see Table 3 ) .  Only 37.5% o f  t h e  obse rva t i ons  

f e l l  w i t h i n  F o r e c a s t e r  1's  50% i n t e r v a l s ,  wh i le  52.9% of t h e  

o b s e r v a t i o n s  f e l l  w i t h i n  F o r e c a s t e r s  2 ' s  50% i n t e r v a l s .  Note 



a l s o  t h a t  t h e  average width o f  t h e  50% i n t e r v a l s  was a lmost  

one deg ree  l e s s  f o r  F o r e c a s t e r  1 t h a n  f o r  F o r e c a s t e r  2  (5.75', 

0 a s  compared w i th  6.69 ) .  For t h e  75% i n t e r v a l s ,  t h e  two 

f o r e c a s t e r s  were much c l o s e r  t o  each o t h e r  and F o r e c a s t e r  1 

was much c l o s e r  t o  t h e  expec ted  pe rcen tage  o f  o b s e r v a t i o n s  

i n  t h e  i n t e r v a l  (even s l i g h t l y  above t h i s  expec ted  percen- 

t a g e )  t h a n  was t h e  case  w i t h  t h e  50% i n t e r v a l s .  

The average a b s o l u t e  d i f f e r e n c e ,  o r  e r r o r ,  I M T - O T ~ ,  was 

expec ted  t o  be an i n c r e a s i n g  f u n c t i o n  of t h e  w id th  of t h e  

50% i n t e r v a l s  and t h e  w id th  o f  t h e  75% i n t e r v a l s  (see  

Pe te rson ,  Snapper,  and Murphy, 17, p. 9691 ) . While t h e  

r e s u l t s  p resen ted  i n  Table 4 do n o t  i n d i c a t e  a  s t r o n g  r e l a -  

t i o n s h i p ,  a  weak p o s i t i v e  r e l a t i o n s h i p  seems t o  ho ld  f o r  t h e  

range of w id ths  f o r  which a  reasonab le  number o f  c a s e s  e x i s t s  

( e . g . ,  w id ths  o f  5' and 7' f o r  t h e  50% i n t e r v a l s  and o f  11' 

and 13' f o r  t h e  75% i n t e r v a l s ) .  I n  a d d i t i o n ,  t h e  r e l a t i o n -  

s h i p  between t h e  50% i n t e r v a l s  and t h e  cor respond ing  75% 

i n t e r v a l s  is  of some i n t e r e s t .  We would expec t  t h e  w id th  o f  

t h e  75% i n t e r v a l s  t o  be an i n c r e a s i n g  f u n c t i o n  of t h e  w id th  

of t h e  50% i n t e r v a l s ,  and t h e  r e s u l t s  i n  Table 5  i n d i c a t e  

t h a t ,  on t h e  ave rage ,  such a  r e l a t i o n s h i p  does indeed e x i s t .  

Al though t h e  var iab le -w id th  c r e d i b l e  i n t e r v a l s  were con- 

s t r a i n e d  t o  be symmetric about  t h e  median i n  te rms of prob- 

a b i l i t y ,  t h e y  need n o t  be symmetric about  t h e  median i n  terms 

o f  w id th .  That  is, t h e  d i f f e r e n c e  between t h e  75 th  (874th)  

p e r c e n t i l e  and t h e  median need n o t  equa l  t h e  d i f f e r e n c e  be- 

tween t h e  median and t h e  25th (12+) p e r c e n t i l e .  Fo r  t h e  50% 



Table 5 .  Width of 75% i n t e r v a l s  a s  a func t i on  of width 
of 50% i n t e r v a l s  f o r  var iable-width f o r e c a s t s .  

Width of 
50% I n t e r v a l s  

(OF) 

Average Width of 75% I n t e r v a l s  
Number of (Standard Deviat ion of Width) 
Fo recas ts  (OF) 



c r e d i b l e  i n t e r v a l s ,  t h e  d i f f e r e n c e  between t h e  75 th  percen- 

t i l e  and t h e  median was l e s s  than  (equa l  t o )  ( g r e a t e r  t h a n )  

t h e  d i f f e r e n c e  between t h e  median and t h e  25 th  p e r c e n t i l e  of  

36 (67)  (29)  occas ions .  For  t h e  75% i n t e r v a l s ,  t h e  d i f f e r e n c e  

between t h e  87+th p e r c e n t i l e  and t h e  median was l e s s  than  

(equa l  t o )  ( g r e a t e r  t han )  t h e  d i f f e r e n c e  between t h e  median 

and t h e  1 2 + t h  p e r c e n t i l e  on 43 (41)  (48) occas ions .  I n  bo th  

c a s e s ,  e q u a l i t y  imp l i es  an i n t e r v a l  symmetric i n  w id th  about  

t h e  median. Thus, on l y  51% of t h e  50% i n t e r v a l s  and 32% o f  

t h e  75% i n t e r v a l s  were symmetric i n  t h i s  sense ,  and t h e  asym- 

m e t r i e s  appeared t o  be approx imate ly  e q u a l l y  l i k e l y  t o  be i n  

e i t h e r  d i r e c t i o n .  Fur thermore,  when each i n t e r v a l  was d i v i ded  

a t  t h e  median (such a d i v i s i o n  y i e l d s  two e q u a l l y  l i k e l y  sub- 

i n t e r v a l s ) ,  t h e  average a b s o l u t e  d i f f e r e n c e  i n  w id th  between 

t h e  two s u b i n t e r v a l s  was 0.57' f o r  t h e  50% i n t e r v a l s  and 

1.23' f o r  t h e  75% i n t e r v a l s  ( s e e  Table 6 ) .  Th is  a b s o l u t e  

d i f f e r e n c e  would be 0' f o r  an i n t e r v a l  t h a t  is  symmetric i n  

te rms o f  w id th .  The preponderance of asymmetr ies among t h e  

c e n t r a l  c r e d i b l e  i n t e r v a l s  s u g g e s t s  t h a t  f ixed-width c r e d i b l e  

i n t e r v a l s  t h a t  a r e  c o n s t r a i n e d  t o  be symmetric i n  w id th  a r e  

n o t  l i k e l y  t o  be c e n t r a l  c r e d i b l e  i n t e r v a l s .  Moreover, Table 

6 i n d i c a t e s  t h a t  t h e  c l i m a t o l o g i c a l  f o r e c a s t s  were a l s o  asym- 

m e t r i c ,  which sugges ts  t h a t  an under ly ing  me teo ro log i ca l  

b a s i s  f o r  asymmetr ic i n t e r v a l s  may e x i s t  on many occas ions  

i n  Denver. 



Table 6 .  A comparison of the dif ference between the upper l i m i t  of the 
i n t e r v a l  and t h e  median (D") and t h e  d i f f e r e n c e  between t h e  
median and t h e  lower l i m i t  of t h e  i n t e r v a l  (D  ) f o r  va r iab le -  

L width f o r e c a s t s  ( t h e  f i g u r e s  i n  parentheses a r e  f o r  c l ima to logy ) .  

Set of 
Forecasts 

A l l  

Maximum 

Minimum 

Forecaster 1 

Forecaster 2 

Number of 
Forecasts 50% Intervals 75% Intervals 



C) Fixed-Width Credible Intervals 

The results presented in Table 7 indicate that the 

average probabilities assigned by the forecasters to the 5' 

and 9' fixed-width credible intervals differed considerably 

from the relative frequencies with which OT fell in these 

intervals. The average probabilities were 0.60 and 0.80 for 

the 5' and 9' intervals, respectively, and the corresponding 

relative frequencies were 0.46 and 0.66. In both cases, the 

average probability was 0.14 higher than the relative fre- 

quency. These results suggest that the probabilities assign- 

ed by the forecasters to the fixed-width intervals were, on 

the average, larger than the observations indicate that they 

should have been. This situation also existed for the clim- 

atological fixed-width intervals, but to a lesser degree; 

climatology yielded forecasts that were more reliable than 

those of the forecasters in the fixed-width situation. In 

contrast, the results presented in 4.b reveal that the 

correspondence between the probabilities and the relative 

frequencies was quite close for the variable-width credible 

intervals and that the intervals determined by the fore- 

casters were more reliable than those generated by climatology. 

Thus, the variable-width forecasts were much more reliable 

than the fixed-width forecasts. 

Note that the average width of the 50% variable-width 

0 
intervals was 6.23 , whereas the 5' fixed-width intervals 

were assigned an average probability of 0.60; the 75% 

variable-width intervals averaged 11.67' in width, whereas 
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t h e  9' f ixed-width i n t e r v a l s  averaged 0.80 i n  p r o b a b i l i t y .  

On t h e  average,  then,  t h e  f ixed-width i n t e r v a l s  have h igher  

p r o b a b i l i t i e s  f o r  narrower i n t e r v a l s  when compared wi th  t h e  

var iable-width i n t e r v a l s .  Narrow i n t e r v a l s  a r e  d e s i r a b l e  

provided t h a t  they a r e  r e l i a b l e ,  but  t h e  f ixed-width i n t e r -  

v a l s  were not  very r e l i a b l e  because they were t o o  narrow on 

t h e  average. 

The d i sc repanc ies  between t h e  p r o b a b i l i t i e s  and r e l a t i v e  

f requenc ies  were much l a r g e r  f o r  f o r e c a s t s  of maximum tempe- 

r a t u r e  (average p r o b a b i l i t i e s  0.61 and 0.82; r e l a t i v e  f r e -  

quencies 0 .39  and 0.59) than f o r  f o r e c a s t s  of minimum tem- 

p e r a t u r e  (average p r o b a b i l i t i e s  0.59 and 0.79; r e l a t i v e  f r e -  

quencies 0.52 and 0 .72 ) .  On t h e  o the r  hand, t h e  12-hour 

and 24-hour f o r e c a s t s  were very c l o s e  i n  t h i s  r e s p e c t ,  and 

n o t i c e a b l e  d i f f e r e n c e s  between Forecas te rs  3 and 4 occurred 

only f o r  t h e  9' i n t e r v a l s .  

I n  o rde r  t o  eva lua te  t h e  f ixed-width i n t e r v a l  f o r e c a s t s ,  

t h e  B r i e r  s c o r e  (B) (B r ie r ,  [4]) was computed f o r  each fore-  

c a s t ,  and t h e  average sco res  a r e  presented i n  Table 7 .  The 

sco re  on each occasion i s  given by 

2  
i f  OT i n  i n t e r v a l ,  

2 r  i f  OT no t  i n  i n t e r v a l ,  

where r i s  t h e  p r o b a b i l i t y  ass igned t o  t h e  i n t e r v a l .  Since 

a  lower sco re  i s  " b e t t e r , "  t h e  f o r e c a s t s  of minimum tempera- 

t u r e  were b e t t e r  i n  terms of average sco res  than t h e  fore-  

c a s t s  of maximum temperature.  This r e s u l t  i s  c o n s i s t e n t  wi th 



the discrepancy between average probabilities and relative 

frequencies for forecasts of maximum temperature. With re- 

gard to length of forecast, the 12-hour and 24-hour forecasts 

had identical average scores for the 9' intervals, but the 

12-hour forecasts were somewhat better than the 24-hour fore- 

casts for the 5' intervals. The difference between the fore- 

casters was large and somewhat surprising in the sense that 

Forecaster 3 ~erformed much better than Forecaster 4 for the 

0 9 intervals, but the reverse was true for the 5' intervals. 

Further, note that, according to the average Brier scores, 

the fixed-width forecasts were slightly better than the clim- 

atological forecasts for 9' intervals (0.47 3ersus 0.49) , 

while the climatological forecasts were considerably better 

than the fixed-width forecasts for the 5' intervals (0.30 

versus 0.46). This latter, apparently negative result can be 

explained in terms of the characteristics of the Brier score. 

In this regard, the expected Brier score is equal to 

2 2r(l - r)2 + 2 (1 - r)r , and the expected scores correspond- 

ing to the average probabilities assigned to the 5' intervals 

by the forecasters and climatology are 0.48 (for r = 0.60) 

and 0.35 (for r = 0.231, respectively. Thus, the climatolog- 

ical intervals would be expected to receive a considerably 

better average score than the forecasters' intervals because 

the proabilities assigned to the 5' intervals were, on the 

average, further from 0.50 for climatology than for the fore- 
3 

casters. Moreover, on the occasions of concern in this ex- 

periment, a large number of observed temperatures fell just 



o u t s i d e  of t h e  c l ima to log ica l  i n t e r v a l s .  Only s l i g h t  changes 

i n  some of these  observed temperatures would have increased 

t h e  average sco re  f o r  c l imatology cons iderab ly .  The d i f f e r -  

ence between t h e  average sco res  f o r  t h e  f o r e c a s t e r s '  5' i n t e r -  

v a l s  and t h e  c l ima to log ica l  50 i n t e r v a l s ,  t h e n ,  does n o t  necessar-  

i l y  r e f l e c t  unfavorably upon t h e  f  ixed-width i n t e r v a l  f o r e c a s t s .  

I n  Table 8 t h e  r e l a t i v e  frequency of observat ions  i n  t h e  

i n t e r v a l s  i s  given a s  a func t ion  of t h e  p r o a b i l i t y  assigned 

t o  t h e  i n t e r v a l s .  A weak p o s i t i v e  r e l a t i o n s h i p  appears t o  

e x i s t ,  bu t  i f  t hese  va lues were graphed, many of t h e  p o i n t s  

would l i e  f a r  from t h e  " i d e a l "  d iagonal  45' l i n e  f o r  which 

t h e  observed r e l a t i v e  frequency f o r  each p r o b a b i l i t y  e x a c t l y  

equa ls  t h a t  p r o b a b i l i t y .  In  a d d i t i o n ,  t h e  average abso lu te  

d i f f e r e n c e  between MT and OT is  given i n  Table 8 a s  a func- 

t i o n  of t h e  p r o b a b i l i t y  assigned t o  t h e  i n t e r v a l .  The 

average e r r o r  was expected t o  be a decreas ing func t ion  of 

t h e  p r o b a b i l i t y ,  and, a l though t h e  number of f o r e c a s t s  was 

l i m i t e d  f o r  some p r o b a b i l i t i e s ,  t h e  r e s u l t s  i n  Table 8 i n d i -  

c a t e  t h a t  t h e  average e r r o r  d i d  tend t o  decrease a s  t h e  

p robab i l i t y .  increased.  

5. Summary and Discussion 

I n  t h i s  paper we have descr ibed t h e  r e s u l t s  of an exper- 

iment invo lv ing c r e d i b l e  i n t e r v a l  temperature f o r e c a s t s .  The 

r e s u l t s  i n d i c a t e  t h a t ,  o v e r a l l ,  t h e  medians determined by 

t h e  f o r e c a s t e r s  were good po in t  f o r e c a s t s  of maximum and 

minimum temperature.  Moreover, t h e  f o r e c a s t e r s  were a b l e  t o  



Table 8 .  Observed re la t i ve  frequency and average error (lMT-0~1) as a 
function of probabil ity for fixed-width forecasts.  

Number of 
Interval Forecasts 

P robab i l i x  5OF Intervals 9 ' ~  Intervals --- -- 

Relative Frequency of 
Observations i n  Interval 

5OF Intervals YF-Intervals 

I---- 

Average Error (Standard 
Deviation of Error) (OF) 

5'F Intervals 9°F Intervals ----- -.--- ---.- 



improve greatly upon clinatology, as evidenced by the much 

smaller average error for the forecasters' medians than for 

the medians derived from climatology. Although one fore- 

caster did exhibit a tendency to underestimate the observed 

temperatures, forecasts based upon climatology exhibited a 

similar tendency on those occasions, indicating that the 

underestimation may be explained in part by the temperatures 

on the particular occasions of concern. With regard to the 

maximum and minimum temperature forecasts, the forecasters 

underestimated minimum temperatures and slightly overestimat- 

ed maximum temperatures on the average. 

The variable-width credible intervals were very reliable 

in the sense that the observed relative frequencies corre- 

sponded very closely to the forecast probabilities. Although 

some specific instances existed where the correspondence was 

not as good (e.g. too many observations fell outside the 

intervals for 24-hour forecasts, indicating that the inter- 

vals should have been wider), overall the forecasters who 

formulated variable-width interval forecasts performed 

admirably. Furthermore, the variable-width interval fore- 

casts were much more precise than the corresponding fore- 

casts derived from climatology. The fixed-width intervals, 

on the other hand, were assigned probabilities that were, 

on the average, considerably higher than the corresponding 

relative frequencies. This lack of reliability of the fixed- 

width intervals was observed for all of the specific "strati- 

fications" that were studied, with the discrepancy being the 



greatest for forecasts of maximum temperature. 

We realize that care must be taken when generalizing 

results based upon only four forecasters. However, despite 

the small sample, we believe that these experimental results 

have important implications for temperature forecasting. 

First, the use of probabilities, via credible intervals, in 

temperature forecasting allows the forecaster to express his 

degree of uncertainty concerning the maximum or minimum temp- 

erature. Point forecasts do not describe uncertainty, and 

interval forecasts without probabilities only describe un- 

certainty in a vague, informal manner. Second, to the extent 

that these experimental results indicate that' credible inter- 

val temperature forecasting is feasible and that the proce- 

dures investigated here (particularly the variable-width pro- 

cedure) yield reasonable results, these procedures could be 

very useful in temperature forecasting in practice. In this 

regard, further experimentation would be quite valuable in 

order to provide a larger sample of forecasts from which to 

make inferences and to investigate the use of these proce- 

dures in different meteorological and climatological regimes. 

In addition, the study of some considerations of interest 

(e.g. learning effects) requires a more extensive experiment. 

If possible, experiments in a fully operational setting in- 

volving both the formulation and the dissemination of credible 

interval temperature forecasts would be most desirable. 

Although the experiment and the discussion have been 

oriented toward temperature forecasting, the procedures con- 



s i d e r e d  i n  t h i s  paper  a r e  q u i t e  g e n e r a l  and can be used t o  

de te rmine  c r e d i b l e  i n t e r v a l  f o r e c a s t s  o f  o t h e r  con t inuous  

v a r i a b l e s .  A s  a r e s u l t ,  t h e  i m p l i c a t i o n s  o f  t h e  exper iment  

ex tend  f a r  beyond tempera tu re  f o r e c a s t i n g  t o  f o r e c a s t i n g  of 

o t h e r  me teo ro log i ca l  v a r i a b l e s  and v a r i a b l e s  of  i n t e r e s t  i n  

o t h e r  f i e l d s  (e.g.  economic i n d i c a t o r s ) .  I n  t h i s  r e g a r d ,  

t h e  exper iment  r e p o r t e d  upon i n  t h i s  pape r  was conducted i n  

an  o p e r a t i o n a l  s e t t i n g  and t h e  p a r t i c i p a n t s  were exper ienced 

weather  f o r e c a s t e r s .  Thus, t h i s  exper iment  was much more 

r e a l i s t i c  t han  most exper iments  t h a t  have been conducted i n  

t h e  a r e a  o f  s u b j e c t i v e  p r o a b i l i t y  f o r e c a s t i n g  (e .g .  s e e  

Wink ler  and Murphy, [12]), and w i t h  some i n s t f u c t i o n  and 

" p r a c t i c e , "  t h e  p a r t i c i p a n t s  a p p a r e n t l y  had l i t t l e  d i f f i c u l t y  

unde rs tand ing  t h e  t a s k .  We a l s o  s e e  i m p l i c a t i o n s  f o r  f u r t h e r  

expe r imen ta t i on  i n  t h e  a r e a  of  s u b j e c t i v e  p r o b a b i l i t y  f o r e -  

c a s t i n g ,  s i n c e  we b e l i e v e  t h a t  more exper iments  shou ld  be 

conducted i n  r e a l i s t i c  ( p r e f e r a b l y  o p e r a t i o n a l )  s e t t i n g s  

w i t h  t r u e  e x p e r t s  s e r v i n g  a s  s u b j e c t s .  



APPENDIX 

I n s t r u c t i o n s  f o r  Variable-Width I n t e r v a l  Fo recas t i ng  of 

Maximum and Minimum T e m ~ e r a t u r e  

I n  f o r e c a s t i n g  t h e  maximum ( m a )  and minimum (min) 

t empera tu re ,  you undoubtedly  a r e  somewhat u n c e r t a i n  about  

what t h e  a c t u a l  rnax and min w i l l  be. I t  is  p o s s i b l e  t o  g i v e  

a  p o i n t  f o r e c a s t  ( i . e . ,  a  s i n g l e  v a l u e )  t h a t  r e p r e s e n t s  your  

" b e s t  e s t i m a t e "  about  t h e  rnax or min, b u t  p o i n t  f o r e c a s t  

a l o n e  does  n o t  comple te ly  r e p r e s e n t  your  u n c e r t a i n t y .  A 

conven ien t  way t o  convey t h i s  u n c e r t a i n t y  i s  . through t h e  use  

of  i n t e r v a l  f o r e c a s t s  ( i . e . ,  i n t e r v a l s  o f  v a l u e s ,  a s  opposed 

t o  t h e  s i n g l e  v a l u e s  used a s  p o i n t  f o r e c a s t s ) .  Spec i f y i ng  

an  i n t e r v a l  and t h e  p r o b a b i l i t y  t h a t  t h e  rnax (or min) t e m -  

p e r a t u r e  w i l l  be w i t h i n  t h e  i n t e r v a l  conveys a c o n s i d e r a b l e  

amount o f  i n fo rma t i on  about  your  u n c e r t a i n t y .  On some days ,  

you may f e e l  t h a t  t h e  odds a r e  even t h a t  t h e  rnax w i l l  be i n  

a  p a r t i c u l a r  f i v e  deg ree  i n t e r v a l ;  on o t h e r  days ,  you may be  

much more u n c e r t a i n ,  s o  you f e e l  t h a t  t h e  odds a r e  even t h a t  

t h e  rnax w i l l  be i n  a  p a r t i c u l a r  ten deg ree  i n t e r v a l .  I n  

t h i s  exper iment  you w i l l  be  asked t o  de te rm ine  an i n t e r v a l  

such t h a t  t h e  p r o b a b i l i t y  is 50% t h a t  t h e  rnax ( o r  min) tem- 

p e r a t u r e  w i l l  be i n  t h e  i n t e r v a l ,  and you w i l l  be asked t o  

de te rm ine  an i n t e r v a l  such t h a t  t h e  p r o b a b i l i t y  i s  75% t h a t  

t h e  rnax ( o r  min) t empera tu re  w i l l  be i n  t h e  i n t e r v a l .  An 

i n t e r v a l  i s  assumed t o  i n c l ude  i t s  end p o i n t s ;  f o r  example, 



t h e  i n t e r v a l  72-760F i s  a f i v e  degree i n t e r v a l  (it i nc ludes  

72, 73, 74, 75, and 76 ) .  Note t h a t  i n  determining your i n -  

t e r v a l  f o r e c a s t s ,  you w l l l  be working w i th  i n t e r v a l s  t h a t  

a r e  of f i x e d  p r o b a b i l i t y  (50% and 7 5 % ) ,  and you w i l l  have t o  

determine t h e  end p o i n t s  of  t h e  i n t e r v a l s ;  hence, t h e  i n t e r -  

v a l s  a r e  of  v a r i a b l e  width ( t h e  width depending on how uncer- 

t a i n  you a r e  on a g iven occas ion ) .  Other p a r t i c i p a n t s  i n  

t h e  experiment w i l l  be worlcing w i th  i n t e r v a l s  t h a t  a r e  of  

f i x e d  width bu t  v a r i a b l e  p r o b a b i l i t y - -  you need not  concern 

you rse l f  w i th  t h i s  procedure,  s i n c e  a l l  of your f o r e c a s t s  

w i l l  i nvo lve  t h e  f i x e d  p r o b a b i l i t y - v a r i a b l e  width approach. 

The f i r s t  s t e p  i n  de termin ing  t h e  i n t e r v a l  f o r e c a s t s  

i s  t o  determine a median, which w i l l  be used a s  a mid-point 

f o r  t h e  v a r i a b l e  width i n t e r v a l s .  A median i s  a va lue  t h a t  

you f e e l  is e q u a l l y  l i k e l y  t o  be exceeded o r  no t  exceeded. 

For  example, i f  you f e e l  t h a t  it i s  e q u a l l y  l i k e l y  t h a t  t h e  

max tempera ture  tomorrow w i l l  be above 74 o r  below 74, t hen  

74 i s  your median. The fo l low ing d ia logue shou ld  i l l u s t r a t e  

how you might a r r i v e  a t  a median. 

Experimenter:  What is your b e s t  i n t u i t i v e  e s t i m a t e  of  to-  
morrow's max temperature? 

Fo recas te r :  About 90 degrees .  

Experimenter:  My f i r s t  s t e p  w i l l  be an a t tempt  t o  sharpen 
up t h a t  i n i t i a l  es t ima te .  I f  we were both t o  
wager t h e  same amount of money, would you 
r a t h e r  b e t  t h a t  t h e  max tempera ture  w i l l  be 
above 90 degrees  o r  b e l o v  

Fo recas te r :  Above 90 degrees .  

Experimenter:  Would you r a t h e r  b e t  t h a t  it w i l l  be  above 94 
degrees  o r  below? 



Forecaster: Below. 

Experimenter: Above or below 31 degrees? 

Forecaster: Hmmm...p robably above. 

Experimenter: Above or below 92 degrees? 

Forecaster: It doesn't make much difference there. 

Experimenter: Above or below 93 degrees? 

Forecaster: Below. 

Experimenter: Fine. Then we will select 92 degrees as your 
indifference judgment. You think that it is 
just as likely that tomorrow's max temperature 
will be above 92 degrees as that it will be 
below 92 degrees. Is that right? 

Forecaster: That seems right. 

Experimenter: In a sense, 92 degrees, which-is a median, is 
is your best estimate of tomorrow's max temper- 
ature: it can be viewed as a point forecast. 

The next step is to determine your 25th percentile (the 

median is sometimes called the 50th percentile). The 25th 

percentile is the value that divides the interval below the 

median into two equally likely subintervals. Note that the 

median divided the entire set of possible values into two 

equally likely intervals, so the procedure for determining 

the 25th percentile is very similar to the procedure for 

determining the median. For example, suppose that your medi- 

an for the max temperature tomorrow is 74. Then if you feel 

that it is equally likely that the max temperature tomorrow 

will be below 71 or between 71 and 74, then 71 is your 25th 

percentile. The following continuation of the dialogue pre- 

sented above illustrates the determination of a 25th percentile. 



Experimenter: In a sense, 92 degrees, which is a "median," 
is your best estimate of tomorrow's rnax tem- 
perature. The next series of questions that 
I'll ask is designed to explore just how cer- 
tain you are that tomorrow's rnax temperature 
will be near 92 degrees. First, assume that 
all bets are off in case the rnax temperature 
is greater than 92 degrees. Do you think that 
it is more likely that tomorrow's rnax temper- 
ature will fall below 8 0  degrees or between 
8 0  and 92 degrees? I am after two equally 
likely intervals below 92 degrees. 

Forecaster: It is more likely to be between 8 0  and 92 
degrees. 

Experimenter: Below 85 degrees, or between 85 and 92 degrees? 

Forecaster: That's pretty difficult. Probably below 85 
degrees. 

Experimenter: Below 84 degrees or between 84 and 92 degrees? 

Forecaster : ThatTs about it. I can't choose between the 
two intervals. 

Experimenter: Fine-- then we will accept 84 degrees as your 
25th percentile. 

Next, it is necessary to go through this type of proce- 

dure once more on the "low" side (the side below the median), 

in order to determine your 12Lth percentile. As you can 

probably guess by now, the 12+th percentile divides the in- 

terval below the 25th percentile into two equally liltely sub- 

intervals. 

The dialogue continues : 

Experimenter: Now that you've decided that 84 is your 25th 
percentile, let's assume that all bets are 
off if tomorrow's rnax temperature is above 
8 4  degrees. Do you think that it is more 
likely that tomorrow's rnax temperature will 
fall below 7 0  degrees or between 7 0  and 84 
degrees? 



Forecaster: Between 70 and 84 degrees. 

Experimenter: Below 75 degrees or between 75 and 84 degrees? 

Forecaster: Between 75 and 84 degrees. 

Experimenter: Below 80 degrees or between 80 and 84 degrees? 

Forecaster: That's pretty close, but I'd say below 80 de- 
grees. 

Experimenter: Below 78 degrees or between 78 and 84 degrees? 

Forecaster: Between 78 and 84 degrees, but it's pretty 
close again. 

Experimenter: Below 79 degrees or between 79 and 84 degrees? 

Forecaster: I guess those intervals are about equally 
likely. 

Experimenter: Then we will select 79 degrees as your 124th 
percentile. 

The next step is to determine your 75th percentile, the 

value that divides the interval above the median into two 

equally likely subintervals. As you might suspect, the pro- 

cedure for determining the 75th percentile is like the pro- 

cedure for determining the 25th percentile. Letts go hack 

to the dialogue. 

Experimenter: Now let's move on to the upper range, the 
range above the median. Assuming that all 
bets are off if tomorrowqs max temperature is 
below 92 degrees, do you think that it is more 
likely to be between 92 and 100 or above 1001 

Forecaster: Definitely between 92 and 100. 

Experimenter: Between 92 and 95 or above 95? 

Forecaster: Still between 92 and 95. 

Experimenter: Between 92 and 94 or above 94? 

Forecaster: Now I am indifferent. 



Experimenter: In that case we will take 94 as your 75th 
percentile. 

Finally, it is necessary to determine your 874th per- 

centile, the value that divides the interval above the 75th 

percentile into two equally likely subintervals. The proce- 

dure is similar to that for determining the 124th percentile, 

so the dialogue might be as follows: 

Experimenter: If I can "push" you to determine one more in- 
difference point, let's assume that all bets 
are off if the max temperature tomorrow is 
less than 94, which we just determined to be 
your 75th percentile. Do you think that the 
max temperature is more likely to be between 
94 and 96 or above 96? 

Forecaster: Between 94 and 96. 

Experimenter: Between 94 and 95 or above 95? 

Forecaster: That's pretty difficult, but I guess I'm 
about indifferent. 

Experimenter: These are difficult judgments to make. Since 
youlreabou.t indifferent, we'll take 95 as 
your 874th percentile. 

The median, the 25th percentile, the 12%th percentile, 

the 75th percentile, and the 87+th percentile have been 

determined, in that order. These values can be used to 

determine interval forecasts. The probability is 50% that 

the max temperature will be between the 25th percentile and 

the 75th percentile, and the probability is 75% that the max 

temperature will be between the 124th percentile and the 874th 

percentile. Thus, we have one interval forecast with prob- 

ability 50% and one with probability 75%. It is useful to 



recons ider  t h e  va lues t h a t  have been determined t o  make s u r e  

t h a t  they  co inc ide wi th  your b e s t  judgments. To i l l u s t r a t e  

t h i s ,  we r e t u r n  t o  t h e  d ia logue one more t ime. 

Experimenter: Now l e t ' s  c a r e f u l l y  cons ider  t h e  va lues t h a t  
you have es t imated.  F i r s t ,  cons ider  t h e  in-  
t e r v a l s  A ,  B ,  C ,  and D ,  where A i s  below 84 
degrees,  B is  between 84 and 92, C i s  between 
92 and 94, and D i s  above 94. Assume t h a t  
t h e r e  i s  a four-way b e t  t h i s  t ime and you can 
pick only one of t h e  i n t e r v a l s .  Which one 
would you p r e f e r ?  

Forecaster :  Hmmm...Clearly not  B o r  C. I guess I l i k e  A 
t h e  b e s t ,  bu t  D looks p r e t t y  good, too .  

Experimenter: People occas iona l l y  squeeze t h e  ou ts ide  bound- 
a r i e s  i n  t o o  c l o s e l y  when making judgments 
l i k e  t h i s  f o r  t h e  f i r s t  t ime . .  

Fo recas te r :  I must have done t h a t  because now I c l e a r l y  
l i k e  t h e  o u t s i d e  two i n t e r v a l s  b e t t e r  than 
t h e  middle ones. 

Experimenter: Then move t h e  o u t e r  boundar ies ou t  one deqree 
each so t h a t  t h e  boundaries a r e  a t  83 degrees,  
92 degrees,  and 95 degrees.  Now which i n t e r -  
v a l  would you p r e f e r  t o  b e t  on? 

Forecas te r :  These es t ima tes  a r e  b e t t e r  now. Any one of 
t h e  i n t e r v a l s  looks  j u s t  a s  good a s  any o t h e r  
one t o  me. Also, I t h ink  t h a t  t h e  max temper- 
a t u r e  i s  j u s t  a s  l i k e l y  t o  f a l l  i n s i d e  t h e  
i n t e r v a l  between 83 and 95 degrees a s  it is  
t o  f a l l  o u t s i d e  t h a t  i n t e r v a l .  

Experimenter: Good. Now l e t ' s  cons ider  t h e  i n t e r v a l s  P, Q ,  
R,  and S ,  where P is below 79 degrees,  Q i s  
between 79 and 83, R i s  between 95 and 96, 
and S i s  above 96. I have taken t h e  l i b e r t y  
of s h i f t i n g  your 874th p e r c e n t i l e  up t o  96, 
s i n c e  t h e  75th p e r c e n t i l e  i s  now 95. In  a 
four-way b e t  among these  fou r  i n t e r v a l s ,  which 
one would you p r e f e r ?  

Forecas te r :  The ou ts ide  i n t e r v a l s  look b e t t e r  aga in ,  s o  
perhaps I need t o  move t h e  12+th and 87+th 
p e r c e n t i l e s .  L e t ' s  see- -  sdppose they were 
78 and 97. The 97 seems okay, but  t h e  78 might 
s t i l l  be a l i t t l e  h igh.  I guess 7 7  and 97 would 
make me i n d i f f e r e n t .  



Exper imenter :  F ine.  Then your  i n t e r v a l  e s t i m a t e  w i t h  prob- 
a b i l i t y  50% i s  from 83 t o  95,  and your  i n t e r -  
v a l  e s t i m a t e  w i t h  p r o b a b i l i t y  75% i s  f rom 77 
t o  97. I t  i s  i n t e r e s t i n g  t h a t  t h e  boundar ies  
a r e  sp read  o u t  asymmet r i ca l l y  around 92 deg rees .  
The lower  bound o f  83 deg rees  has  been pushed 
much f a r t h e r  away t h a n  t h e  upper  boundary of 
95 deg rees .  

F o r e c a s t e r :  I was t h i n k i n g  about  t h a t  when making my e s t i -  
mates.  A weak co ld  f r o n t  i s  moving i n  from 
t h e  nor thwest .  I t  may r e a c h  h e r e  e a r l y  t o -  
morrow morning, h u t  it may t a k e  u n t i l  tomorrow 
n i g h t .  I f  it g e t s  h e r e  b e f o r e  morning, t hen  
it won ' t  g e t  ve ry  warm tomorrow. But ,  it t h e  
f r o n t  i s  de layed ,  t h e n  t h e  max tempera tu re  
shou ld  be around 92 deg rees .  

Exper imenter :  Then t h a t  e x p l a i n s  why t h e  upper  boundary i s  
s o  much c l o s e r  t o  92 deg rees .  There i s  l i t t l e  
chance f o r  any change i n  c o n d i t i o n s  t o  produce 
much o f  an i n c r e a s e  above your  median o f  92. 

F o r e c a s t e r :  T h a t ' s  r i g h t .  Looked a t  t h a t  way, t h e s e  i n t e r -  
v a l s  d i s p l a y  a l o t  of what I know about  tomor- 
row 's  max tempera tu re .  They d o n ' t  i n d i c a t e  
why t h e  max tempera- ture cou ld  d rop  b u t  t h e y  
c e r t a i n l y  show t h a t  it can. I wouldn ' t  ex- 
p e c t  t o  always have such  asymmetr ic i n t e r v a l s  
when compared w i t h  t h e  median, b u t  it s u r e  
seems reasonab le  i n  t h i s  p a r t i c u l a r  s i t u a t i o n .  

For  convenience,  h e r e  i s  a summary of t h e  p rocedure .  

F i r s t ,  c o n s i d e r  t h e  maximum tempera tu re  i n  deg rees  Fah renhe i t  

(on t h e  day s h i f t ,  t h i s  r e f e r s  t o  tomorrow's  maximum; on t h e  

midn igh t  s h i f t ,  t h i s  r e f e r s  t o  t o d a y ' s  maximum) and complete 

t h e  f o l l o w i n g  s t e p s :  

1. Determine your median. 

2 .  Determine your  25 th  p e r c e n t i l e .  

3. Determine your 1235th p e r c e n t i l e .  

4 .  Determine your  75 th  p e r c e n t i l e .  

5. Determine your  873th p e r c e n t i l e .  

6 .  Look a t  t h e  r e s u l t i n g  i n t e r v a l s  t o  make 
s u r e  t h a t  t hey  ag ree  w i t h  your judgments,  
making any changes you deem necessa ry .  



Next, cons ider  t h e  minimum temperature i n  degrees Fahrenhe i t  

(on both t h e  day and midnight s h i f t s ,  t h i s  r e f e r s  t o  t o n i g h t ' s  

minimum), and repea t  t h e  s i x  s t e p s  l i s t e d  above. 4 



Footnotes 

'CT rep resen ts  only one of  a s e t  of p o s s i b l e  "models," 
any of which could be used a s  a s tandard  of  comparison. 
Other models invo lv ing  c l imatology and/or p e r s i s t e n c e  can,  
of cou rse ,  be formulated.  

2 ~ f  course,  i n  c e r t a i n  weather s i t u a t i o n s  t h e  c r e d i b l e  
i n t e r v a l s  f o r  24-hour f o r e c a s t s  may be sma l le r  t han  those 
f o r  12-hour f o r e c a s t s .  However, t h e  r e s u l t s  o f  t h i s  
exper iment  i n d i c a t e  t h a t ,  on t h e  average,  t h e  widths of t h e  
24-hour f o r e c a s t s  w e r e ,  a s  expected,  g r e a t e r  than  t h e  widths 
o f  t h e  12-hour f o r e c a s t s .  

3 ~ r o n i c a l l y ,  t h e  c l ima to log ica l  f o r e c a s t s  a r e  be ing 
"rewarded" by t h e  B r i e r  sco re  f o r  being " l e s s  c e r t a i n "  about 
t h e  h igh  and low temperatures,  s i n c e  t h e  expkcted s c o r e  
decreases a s  r s h i f t s  away from 0.50 i n  e i t h e r  d i r e c t i o n .  

4 ~ h e  s e t  o f  i n s t r u c t i o n s  provided t o  t h e  f o r e c a s t e r s  
concluded wi th  response s h e e t s  t o  be used f o r  " p r a c t i c e "  
f o r e c a s t s .  To conserve space,  t h e s e  response s h e e t s  a r e  
no t  inc luded i n  the Appendix. 
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