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ABSTBACT

The p r im a ry  o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was t o  
a n a l y z e  t h e  r e l a t i o n s h i p  be tw een  a chan g e  i n  t h e  c o n f i g u r a ­
t i o n  o f  t h e  g e n e r a l  c i r c u l a t i o n  o f  t h e  a tm o sp h e re  and a s s o ­
c i a t e d  c h a n g e s  i n  s u r f a c e  c l i m a t i c  c o n d i t i o n s .  The m ajo r  
q u e s t i o n s  r a i s e d  by su c h  a f o c u s  were a d d r e s s e d  i n  t h r e e  
s e c t i o n s ,  f i r s t ,  c h a n g e s  t h a t  o c c u r r e d  i n  s e l e c t e d  c l i m a t i c  
e l e m e n t s  were e x p l o r e d .  Second ,  a l t e r a t i o n s  i n  c l i m a t i c  
r e g i o n s  were  exam ined .  T h i r d ,  r e g i o n s  were p ro d u ce d  b a s e d  
upon t h e  t y p e  o f  c l i m a t i c  f l u c t u a t i o n  t h a t  was o b s e r v e d .

Two t e n  y e a r  t im e  p e r i o d s  d i f f e r e n t i a t e d  by c o n t r a s t ­
i n g  c i r c u l a t i o n  r e g im e s  were s e l e c t e d  f o r  a n a l y s i s .  I n v e s ­
t i g a t o r s  showed t h a t  t h e  p r e d o m in a n t  c i r c u l a t i o n  p a t t e r n  o f  
t h e  a tm o sp h e re  was z o n a l  f o r  t h e  p e r i o d  1939 t h r o u g h  1949 
and  was m e r i d i o n a l  from 1955 t h r o u g h  1965. Only w i n t e r  d a t a  
were u t i l i z e d ,  f o r  t h e  r e l a t i v e l y  s t e e p  l a t i t u d i n a l  t e m p e r a ­
t u r e  g r a d i e n t  d u r i n g  . I c w -su n  months t e n d s  t o  a c c e n t u a t e  
c h a n g e s  i n  r e g i o n a l  c l i m a t i c  p a t t e r n s .  A l l  one hun d red  f i f ­
t y - o n e  f i r s t - o r d e r  c l i m a t o l o g i c a l  s t a t i o n s  i n  t h e  c o t e r m i ­
nous  U n i t e d  S t a t e s  where c o n t i n u o u s  c l i m a t i c  d a t a  were 
r e c o r d e d  and p u b l i s h e d  from 1939 t o  1965 were i n c l u d e d  in  
t h i s  s t u d y .

B e s u l t s  from d i s c r i m i n a n t  a n a l y s e s  d e m o n s t r a t e d  t h a t  
t h e  two c a r e f u l l y  s e l e c t e d  t im e  p e r i o d s  c o u ld  b e  d i f f e r e n t i ­
a t e d  b a s e d  upon s u r f a c e  c l i m a t i c  d a t a .  C i r c u l a t i o n  and 
m o i s t u r e  components  changed  m ost  s i g n i f i c a n t l y  w i th  t h e  
s h i f t  i n  t h e  c i r c u l a t i o n  p a t t e r n .  G e n e r a l l y ,  m o i s t u r e  l e v ­
e l s  and  t e m p e r a t u r e s  f o r  t h e  a tm o sp h e re  d e c r e a s e d ,  and wind 
s p e e d s  i n c r e a s e d  a s  t h e  f lo w  p a t t e r n  became m e r i d i o n a l .  
D i s t i n c t i v e  s p a t i a l  p a t t e r n s  e x i s t e d  i n  c o m p o s i t e  f a c t o r  
s c o r e s  o f  c l i m a t i c  change  d a t a  which r e f l e c t e d  t h e  d e v e l o p ­
ment o f  an upper  l e v e l  r i d g e  in  t h e  West and an upper  l e v e l  
t r o u g h  i n  t h e  E a s t  d u r in g  t h e  m e r i d i o n a l  p e r i o d .

L a r g e ,  s p a t i a l l y  homogeneous w i n t e r  c l i m a t i c  r e g i o n s  
were  d e v e lo p e d  f o r  e a c h  t e n  y e a r  p e r i o d  us ing  p r i n c i p l e - c o m -  
p o n e n t s  f a c t o r  a n a l y s i s  and a c l u s t e r i n g  a l g o r i t h m .  The 
c o n f i g u r a t i o n  o f  t h e s e  r e g i o n s  a p p e a r e d  to  s u b s t a n t i a l l y  
c h a n g e  be tw een  t h e  z o n a l  and m e r i d i o n a l  t im e  p e r i o d s .  S t a ­
t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  w es t  t o  e a s t  e l o n ­
g a t i o n  o f  t h e  r e s u l t i n g  r e g i o n s  f o r  t h e  two p e r i o d s  c o u ld  
n o t  be v e r i f i e d .
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R e g io n s  were d e v e l o p e d  a c r o s s  t h e  U n i ted  S t a t e s  b a s e d  
upon t h e  t y p e  o f  c l i m a t i c  v a r i a t i o n  t h a t  o c c u r r e d  w i th  a 
s h i f t  i n  t h e  g e n e r a l  c i r c u l a t i o n .  The r e s u l t s  s u g g e s t e d  
t h a t  a f l u c t u a t i o n  i n  t h e  g e n e r a l  c i r c u l a t i o n  p a t t e r n  was 
a s s o c i a t e d  w i th  r e g i o n a l l y  homogeneous c h a n g e s  i n  t h e  s u r ­
f a c e  c l i m a t i c  e l e m e n t s .

The f i n d i n g s  o f  t h i s  i n v e s t i g a t i o n  d e m o n s t r a t e d  t h a t  
s u b s t a n t i a l  c h a n g e s  o c c u r r e d  i n  t h e  c l i m a t i c  c o n f i g u r a t i o n  
i n  a s s o c i a t i o n  w i th  a ch an g e  i n  t h e  p r e d o m in a n t  c i r c u l a t i o n  
p a t t e r n  o f  t h e  a t m o s p h e r e .  The p o t e n t i a l  a p p l i c a t i o n s  and 
i m p l i c a t i o n s  o f  t h e  f i n d i n g s  were d i s c u s s e d ,  and s u g g e s t i o n s  
f o r  f u t u r e  r e s e a r c h  were  p r e s e n t e d .
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SEGIOHAl WINTER CLIBATIC VARIATIONS ASSOCIATED WITH 

ATMOSPHERIC CIRCULATION CHANGE IN THE COTERMINOUS 

UNITED STATES: 1939 -  1965

chapter I

AN INTRODUCTION TO THE PROBLEM

S t a te m e n t  o f  t h e  Problem 

F o r  a p p r o x i m a t e l y  t h e  f i r s t  f i f t y  y e a r s  o f  t h i s  c e n ­

t u r y ,  t h e  f i e l d  o f  c l i m a t o l o g y  was p r i m a r i l y  d i r e c t e d  

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

d a t a .  The p r o d u c t s  t h a t  o f t e n  r e s u l t e d  were maps showing 

t h e  s p a t i a l  p a t t e r n s  i n  a wide  r a n g e  o f  c l i m a t i c  e l e m e n t s  

g a t h e r e d  f o r  o f t e n  u n s p e c i f i e d  t i m e  p e r i o d s .  With c o n t i n u ­

i n g  e f f o r t s  i n  c l i m a t i c  c l a s s i f i c a t i o n ,  maps were g e n e r a t e d  

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

T hese  maps were p u b l i s h e d  i n  a  number o f  a t l a s e s  and b o o k s ,  

and  i n  many c a s e s ,  l i t t l e  e f f o r t  was made t o  show t h a t  t h e  

p a t t e r n s  were l e s s  t h a n  " f i x e d "  t h r o u g h  t i m e .  More r e c e n t  

r e s e a r c h  i n  c l i m a t o l o g y  h a s  l e d  t o  m odels  o f  an a tm o sp h e re  

t r e a t e d  " d y n a m i c a l l y "  where m o t io n s  and c h a n g e s  i n  t h e
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s y s t e m  were  a n a l y z e d .

The g o a l  o f  t h i s  i n v e s t i g a t i o n  was t o  d e t e r m i n e  i f  a 

ch an g e  i n  t h e  g l o b a l  a t m o s p h e r i c  c i r c u l a t i o n  sys tem  was 

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

and  t o  i d e n t i f y  and  a n a l y z e  r e g i o n s  where t h e  c h a n g e s  t o o k  

p l a c e .  T h ree  major  h y p o t h e s e s  were t e s t e d  t h r o u g h o u t  t h i s  

i n v e s t i g a t i o n ;

1. As t h e  c i r c u l a t i o n  o f  t h e  a tm o s p h e re  s h i f t e d  

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

i n  t h e  s u r f a c e  c l i m a t i c  e l e m e n t s ,  f i e g io n a l  p a t t e r n s  i n  

t h e s e  s u r f a c e  c h a n g e s  sh o u ld  r e f l e c t  t h e  ch an ge  i n  c i r ­

c u l a t i o n .

2 .  As t h e  p re d o m in a n t  c i r c u l a t i o n  p a t t e r n  

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

S t a t e s  changed  i n  s h a p e  and s i z e ,

3 .  As t h e  c i r c u l a t i o n  s h i f t e d  from a z o n a l  t o  a 

m e r i d i o n a l  p a t t e r n ,  homogeneous r e g i o n s  formed b a sed  

upon s u r f a c e  c l i m a t i c  c h a n g e s .

The r e s u l t s  o f  t e s t s  c o n c e r n i n g  th e  f i r s t  h y p o t h e s i s  

a r e  p r e s e n t e d  i n  C h a p te r  17,  where c a l c u l a t i o n s  were made t o  

d e t e r m i n e  which o f  t h e  c l i m a t i c  e l e m e n t s  changed  i n  a s s o c i a ­

t i o n  w i th  a change  i n  t h e  c o n f i g u r a t i o n  o f  t h e  c i r c u m p o l a r  

v o r t e x .  The m ag n i tu d e  and s i g n i f i c a n c e  c f  t h e i r  change  were 

c a l c u l a t e d ,  and  t h e  s p a t i a l  p a t t e r n s  o f  any o b s e r v e d  c h an ges  

w ere  d e s c r i b e d .  A n a l y s e s  were c o n d u c te d  to  d e t e r m i n e  i f  t h e  

two t im e  p e r i o d s ,  one z o n a l  and t h e  o t h e r  m e r i d i o n a l ,  c o u ld  

b e  d i s c r i m i n a t e d  b a s e d  upon s u r f a c e  c l i m a t i c  d a t a  a l o n e ,  and
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t o  d e t e r m i n e  i f  a s i g n i f i c a n t  r e g i o n a l  p a t t e r n  e x i s t e d  i n  

t h e  r e s u l t s  f rom t h e  d i s c r i m i n a n t  f u n c t i o n s .

To t e s t  t h e  se co n d  h y p o t h e s i s .  C h a p te r  V e x p l o r e s  

c h a n g e s  i n  c l i m a t i c  r e g i o n s .  C l i m a t i c  r e g i o n s  were d e t e r ­

mined f o r  e a c h  o f  two t i m e  p e r i o d s  and  f o r  an a v e r a g e  p e r i o d  

u s i n g  a c l u s t e r i n g  p r o c e d u r e ,  and t h e  r e s u l t s  were mapped. 

An e x a m i n a t i o n  o f  t h e  maps a l l o w e d  d i f f e r e n c e s  i n  t h e  

r e g i o n a l  a l i g n m e n t s  t o  be  i s o l a t e d .  Shape  m easu rem en ts  were 

u t i l i z e d  t o  t e s t  a  h y p o t h e s i s  t h a t  c l i m a t i c  r e g i o n s  were 

more e l o n g a t e d  i n  a w e s t - e a s t  d i r e c t i o n  d u r i n g  - h e  z o n a l  

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

c h an g e  i n  sh a p e  o c c u r r e d  i n  c o n j u n c t i o n  with  a f l u c t u a t i o n  

i n  t h e  c o n f i g u r a t i o n  o f  t h e  g e n e r a l  c i r c u l a t i o n .

I n  C h a p te r  71 ,  t h e  t h i r d  h y p o t h e s i s  was t e s t e d  where 

r e g i o n s  were p ro d u ce d  b a s e d  upon t h e  c h a n g e s  t h a t  o c c u r r e d  

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

o f  t h i s  s t u d y  which i d e n t i f i e d  p a t t e r n s  i n  t h e  c h an g e s  i n  

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

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

a t t e m p t s  t o  i d e n t i f y  r e g i o n s ,  b a s e d  upon c l u s t e r  a n a l y s i s ,  

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

a n a l y s e s  t e s t e d  t h e  n o t i o n  t h a t  c h a n g e s  in  a t m o s p h e r i c  c i r ­

c u l a t i o n  p rod u ced  r e g i o n a l l y  homogeneous c l i m a t i c  r e s p o n s e s .

Background

Few a r e a s  o f  r e s e a r c h  i n  c l i m a t o l o g y  have  r e c e i v e d  

a s  much a t t e n t i o n  i n  r e c e n t  y e a r s  a s  t h o s e  d e a l i n g  w i th
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c l i m a t i c  c h a n g e .  R e p o r t s  from t h e s e  i n v e s t i g a t i o n s  have  

f i l l e d  b o o k s ,  and b o t h  p r o f e s s i o n a l  and  p o p u l a r  j o u r n a l s  a t  

u n p r e c e d e n t e d  r a t e s .  The g o a l s  o f  t h e s e  s t u d i e s  have  been  

v a r i e d ,  b u t  g e n e r a l l y ,  i n v e s t i g a t o r s  ha ve  a t t e m p t e d  t o  

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

t h e y  have  a t t e m p t e d  t o  e x p l a i n  t h e  e f f e c t  o f  t h e s e  c h an ges  

on some s p e c i f i c  l o c a t i o n ,  r e g i o n ,  o r  upon some phenomena. 

O l i v e r  (1973) and B e c k i n s a l e  (1973) have sum m arized  t h e  

l e a d i n g  t h e o r i e s  o f  c l i m a t i c  c h a n g e .  Grove (1969) and Mark­

ham (1975) h a v e  p u b l i s h e d  c l i m a t i c  c h an g e  s t u d i e s  e m p h a s i z ­

i n g  t h e  e f f e c t s  on s p e c i f i c  a r e a s ,  and O l i v e r  ( 1 9 7 3 ) ,  Smith  

( 1 9 7 5 ) ,  and Mather  (197h) have d i s c u s s e d  t h e  r e l a t i o n s h i p  

be tw een  c l i m a t e  and a v a r i e t y  o f  a c t i v i t i e s .

The many t h e o r i e s  t h a t  h a ve  been  d e v e lo p e d  t o  e x p l a i n  

t h e  c a u s e s  o f  c l i m a t i c  change  t h a t  were r e v ie w e d  by B eck in ­

s a l e  (1973) c an  be g ro u ped  i n t o  s e v e r a l  c a t e g o r i e s :  e x t r a ­

t e r r e s t r i a l ,  a t m o s p h e r i c ,  and  t e r r e s t r i a l .  Changes  i n  t h e  

e n e r g y  r e l e a s e d  by t h e  s u n ,  w h e th e r  i n  a s s o c i a t i o n  w i th  t h e  

w e l l -k n o w n  tw e n ty - tw o  y e a r  s u n s p o t  c y c l e  ( W i l l e t t ,  1951) o r  

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

t e r r e s t r i a l  f a c t o r s .  The work c f  M i l a n k o v i t c h  (1930) h a s  

d e m o n s t r a t e d  a  l i n k a g e  between e a r t h - s u n  g e o m e try  and c l i ­

m a t i c  v a r i a t i o n s  and  a l s o  f a l l s  i n  t h i s  e x t r a t e r r e s t r i a l  

c a t e g o r y .

Changes i n  t h e  c h e m ic a l  c o m p o s i t i o n  o f  t h e  a tm o sp h e re  

have  a l s o  been  v iewed as  f a c t o r s  i n  c l i m a t i c  c h a n g e .  V a r ia ­

t i o n s  i n  c a r b o n  d i o x i d e ,  w a te r  v a p o r ,  v o l c a n i c  d u s t ,  and
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o z o n e  have  a l l  b e en  posed  a s  p o s s i b l e  f a c t o r s  i n  c l i m a t i c  

c h a n g e  b y  a v a r i e t y  o f  a u t h o r s  ( P l a s s ,  1956; D a v i t a y a ,  1969; 

L a n d s b e r g ,  1970; S c h n e i d e r  and  Mass, 1975;  and  W ex le r ,  1952) 

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

m a t i c  v a r i a t i o n s .

S e v e r a l  a u t h o r s  h a v e  exam ined  t h e  r o l e  o f  t e r r e s t r i a l  

c h a n g e s ,  i n c l u d i n g  m oun ta in  b u i l d i n g  (Brooks ,  1951) and 

a l b e d o  v a r i a t i o n s  (Kukla and K u k la ,  1974) a s  f a c t o r s  i n  c l i ­

m a t i c  c h a n g e .  C u r r e y  (1962) s u g g e s t e d  t h a t  random f l u c t u a ­

t i o n s  i n  c l i m a t e  may be  s u f f i c i e n t  enough  t o  c r e a t e  change  

on t h e  m a g n i tu d e  needed  t o  p r o d u c e  g l a c i a l  e p o c h s .

The v e r y  t e r m i n o l o g y  u se d  by v a r i o u s  a u t h o r s  c o n t i n ­

u e s  t o  p r o v i d e  some c o n f u s i o n  t o  t h e  s t u d y  o f  c l i m a t i c  

c h a n g e .  A d d r e s s in g  t h i s  p ro b le m ,  L andsberg  (1975) s u g g e s t e d  

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

and  a l t e r a t i o n  be  g iv e n  p r e c i s e  t e m p o r a l  c o n n o t a t i o n s .  

O s in g  L a n d s b e r g * s  t e r m i n o l o g y ,  t h e  k i n d  o f  c l i m a t i c  v a r i a ­

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

d e f i n e d  w i th  a d u r a t i o n  o f  t e n  t o  one t h o u s a n d  y e a r s .  

T h r o u g h o u t  t h i s  r e p o r t ,  t h e s e  two t e r m s ,  change  and f l u c t u a ­

t i o n ,  w i l l  be  i n te r c h a n g e a b ly  u s e d  t o  d e s c r i b e  t h e  v a r i a t i o n  

i n  c l i m a t e  b e tw een  two t e n  y e a r  p e r i o d s .

A l though  many t h e o r i e s  have  been d e v e l o p e d  t o  

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

h a v e  been  i n c o r p o r a t e d  t o  d e s c r i b e  th e m ,  many l e a d i n g  a tm o s­

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

e v e r  t h e  c a u s e s ,  a r e  m a n i f e s t e d  i n  t h e  a t m o s p h e r e ' s  g e n e r a l
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c i r c u l a t i o n  sy s te m  ( M i t c h e l l  e t  a l . ,  1971) .  Harman (1971) 

sum m arized  a  l a r g e  amount o f  work a im ed  a t  e x p l a i n i n g  t h i s  

g e n e r a l  c i r c u l a t i o n .  S im p ly ,  t h e  e n e r g y  im b a l a n c e  be tw een  

t h e  l o w e r  and h i g h e r  l a t i t u d e s  d r i v e s  t h e  g e n e r a l  c i r c u l a ­

t i o n  s y s te m  k e e p i n g  t h e  e a r t h  i n  an e n e rg y  e q u i l i b r i u m .  

S u r p l u s  e n e r g y ,  i n  s e v e r a l  f o r m s ,  i s  t r a n s p o r t e d  from t h e  

e q u a t o r i a l  r e g i o n s  p o le w a rd  to  t h e  h i g h e r  l a t i t u d e s  where 

o u t g o i n g  r a d i a t i o n  e x c e e d s  incom in g  r a d i a t i o n .  T h i s  e n e r g y  

t r a n s p o r t  c r e a t e s  t h e  g e n e r a l  p a t t e r n s  o f  wind f o r  t h e  

g l o b e .  Due t o  C o r i o l i s  d e f l e c t i o n  a c t i n g  upon a i r  p a r c e l s  

moving p o l e w a r d ,  a  band o f  s t r o n g ,  w e s t e r l y  wind c u r r e n t s  

f o r m s  i n  t h e  u p p e r  a tm o s p h e r e  o f  t h e  m idd le  l a t i t u d e s  which 

s u r r o u n d s  t h e  p o l e .  T h i s  band l i e s  a t  t h e  b ou n d a ry  o f  t h e  

c o o l e r ,  p o l a r  a i r  m asses  on i t s  po lew ard  s i d e  and t h e  

warmer ,  t r o p i c a l  a i r  m asses  on i t s  e g u a t c r w a r d  s i d e .  I f  t h e  

t e m p e r a t u r e  g r a d i e n t  i s  r e l a t i v e l y  s m a l l  b e tw ee n  t h e  lo w e r  

a n d  h i g h e r  l a t i t u d e s ,  t h e s e  wind c u r r e n t s  t r a v e l  a ro u n d  t h e  

g l o b e  i n  a  g e n e r a l l y  l a t i t u d i n a l  f a s h i o n ,  r e f e r r e d  t o  a s  a 

z o n a l  f l o w .  However,  i f  t h i s  t e m p e r a t u r e  g r a d i e n t  s t e e p e n s ,  

t h e  c i r c u l a r  f low fo rm s  a s i n u o u s  p a t t e r n  moving a ro u n d  t h e  

h e m is p h e r e  w i th  s t r o n g e r  n o r t h - s o u t h  c o m p o n e n ts ,  s t i l l  a t  

t h e  bo u nd a ry  o f  t h e  p o l a r  and t r o p i c a l  a i r  m a s s e s .  The s e c ­

ond c o n f i g u r a t i o n  i s  a m e r i d i o n a l  f lo w  p a t t e r n .  w h a te v e r  

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

v o r t e x ,  s i g n i f i c a n t l y  a f f e c t s  t h e  w e a th e r  and c l i m a t e  o f  t h e  

e a r t h ' s  s u r f a c e ,  p a r t i c u l a r l y  i n  t h e  m idd le  l a t i t u d e s  where  

t h e  b o un d a ry  be tw een  t h e  p o l a r  and t r o p i c a l  a i r  m asses  i s
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n o r m a l ly  l o c a t e d .  The c i r c u m p o l a r  v o r t e x  t e n d s  t o  p e r s i s t  

a t  some l e v e l  o f  e q u i l i à r u i a ,  b u t  a change i n  t h e  a n n u a l  

e n e r g y  b a l a n c e  o f  t h e  e a r t h ,  f o r  w h a te v e r  r e a s o n ,  can  f o r c e  

a s t e p w i s e  ch an g e  i n  t h e  c o n f i g u r a t i o n  o f  t h e  c i r c u m p o l a r  

v o r t e x ,  c r e a t i n g  a  c l i m a t i c  f l u c t u a t i o n .

The t y p e  o f  c l i m a t i c  c o n d i t i o n s  found a t  t h e  s u r f a c e

i n  a s s o c i a t i o n  w i th  mean wave p o s i t i o n s  f o l l o w  a s e t  o f

w e l l -k n o w n  p r i n c i p l e s .  Harman ( 1 9 7 1 : 1 5 ) s t a t e d :

I n  t h e  v i c i n i t y  o f  a t r o u g h  where  a i r  f l o w s  from 
h i g h e r  t o  l o w e r  l a t i t i u d e s ,  t e m p e r a t u r e  d e p a r t u r e s  
a r e  n e g a t i v e  a s  p o l a r  a i r  m a s s e s ,  t r a n s p o r t e d  s o u t h ­
ward by t h e  p r e v a i l i n g  n o r t h w e s t e r l y  f l o w , o v e r s p r e a d  
t h e  r e g i o n .  B e n e a th  t h e  r i d g e ,  i n  c o n t r a s t ,  warmer 
t h a n  no rm al  a i r  i s  a d v e c te d  n o r t h w a r d  and mean temp­
e r a t u r e  d e p a r t u r e s  a r e  c o r r e s p o n d i n g l y  p o s i t i v e .

a o r e  d i r e c t l y ,  h i g h e r  t h a n  norm al  p r e s s u r e s  a r e  found  i n  t h e

r e g i o n  d o m in a ted  by an u p p e r  l e v e l  r i d g e ,  lo w e r  p r e s s u r e s

a r e  found  a t  t h e  s u r f a c e  i n  t h e  v i c i n i t y  of  t h e  t r o u g h .

The mean p o s i t i o n  o f  t h e s e  wave f e a t u r e s  a l s o  a f f e c t s

v e r t i c a l  m o t io n s  i n  t h e  a tm o sp h e re  c r i t i c a l  i n  t h e  p r e c i p i ­

t a t i o n  f o r m a t i o n  p r o c e s s e s .  J u s t  a h e a d  o f  t h e  uppe r  l e v e l

r i d g e ,  a i r  f low i s  i n  a c o n v e r g in g  p a t t e r n ,  f a v o r i n g  s u b s i ­

d e n c e  o f  a i r  p a r c e l s  to w a rd s  t h e  s u r f a c e ,  i n h i b i t i n g  p r e c i p ­

i t a t i o n  f o r m a t i o n .  The s u b s i d e n c e  p a t t e r n  a l s o  f a v o r s

l i g h t e r  t h a n  norm al  wind s p e e d s .  Ahead o f  t h e  upper  l e v e l  

t r o u g h ,  d i v e r g e n c e  o c c u r s  i n  t h e  u p p e r  a tm o s p h e r e .  T h i s  

c o n d i t i o n  f a v o r s  s u r f a c e  c o n v e rg e n c e  and  c o n v e c t i o n ,  w i th  

s t r o n g e r  wind s p e e d s  a t  t h e  s u r f a c e ,  i n c r e a s i n g  t h e  p o t e n ­

t i a l  f o r  p r e c i p i t a t i o n  f o r m a t i o n .  I n c r e a s e s  i n  t h e  a m p l i -
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•tude ( n o r t h - s o u t h  d im e n s io n s )  o f  t h e  l o n g  u a v e s  a c c e n t u a t e s  

t h e s e  v e r t i c a l  m o t io n s  i n  t h e  a t m o s p h e r e .  P o s i t i v e  p r e c i p i ­

t a t i o n  d e p a r t u r e s  a r e  t h e r e f o r e  e x p e c t e d  ahead  o f  u pper  

l e v e l  t r o u g h s ,  and  n e g a t i v e  d e p a r t u r e s  a r e  e x p e c t e d  ahead  o f  

u p p e r  l e v e l  r i d g e s .  The s u r f a c e  c l i m a t o l o g i c a l  d a t a  w i l l  

r e f l e c t  t h e s e  p a t t e r n s  o n l j  i f  t h e s e  l o n g  waves rem a in  r e l a ­

t i v e l y  s t a t i o n a r y  f o r  e x t e n d e d  p e r i o d s  o f  t im e .

The l i n k a g e  be tween  u p p e r  l e v e l  f lo w  p a t t e r n s  and 

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

p h y s i c a l  e q u a t i o n s .  G e n e r a l  c i r c u l a t i o n  m o d e l s ,  su c h  a s  t h e  

one  d e v e lo p e d  by Hanabe (1 96 9 ) ,  a l l o w  f o r  i n t e r a c t i o n s  to  

o c c u r  t h r o u g h  d i f f e r e n t  v e r t i c a l  l e v e l s  i n  t h e  a tm o sp h e re .  

The c o n s t r u c t i o n  o f  a c l i m a t i c  model demands r i g o r o u s  e v a l u ­

a t i o n  o f  t h e  p r o c e s s e s  which make up th e  c l i m a t i c  s y s t e m .  

By em ploy ing  t h e  e q u a t i o n  o f  s t a t e  f o r  a p e r f e c t  g a s ,  t h e  

F i r s t  Law o f  Thermodynamics ,  t h e  h y d r o s t a t i c  e q u a t i o n ,  equa ­

t i o n s  o f  h o r i z o n t a l  m o t io n ,  and e q u a t i o n s  f o r  t h e  c o n t i n u i t y  

o f  mass and t h e  c o n t i n u i t y  o f  w a te r  s u b s t a n c e ,  t h e  b a s i c  

p h y s i c a l  p r o c e s s e s  o c c u r r i n g  i n  t h e  a tm o s p h e r e  a r e  m odeled .  

R e a s o n a b le  a p p r o x i m a t i o n s  a r e  c a l c u l a t e d  from t h e  models f o r  

b o t h  s u r f a c e  and upper  l e v e l  c l i m a t i c  c o n d i t i o n s .  The 

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

b e tw een  upper  l e v e l  f low  p a t t e r n s  and s u r f a c e  c o n d i t i o n s  a r e  

n o t  o n ly  u n d e r s t o o d  a t  t h e  d e s c r i p t i v e  l e v e l ,  b u t  t h e s e  c o n ­

n e c t i o n s  a r e  a l s o  u n d e r s t o o d  and  e s t a b l i s h e d  u s i n g  sound 

p h y s i c a l  p r i n c i p l e s .

A number o f  a u t h o r s  have  i n v e s t i g a t e d  t h e  t i m i n g  and
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c a u s e s  o f  c l i m a t i c  f l u c t u a t i o n s .  K a ln ic k y  (1974) p r e s e n t e d  

c o n v i n c i n g  e v i d e n c e  t h a t  t h e  change  f rom  a z o n a l  t o  a m e r i ­

d i o n a l  f low  o c c u r r e d  i n  t h e  e a r l y  1950*s .  He f a c t o r  a n a ­

l y z e d  a t im e  s e r i e s  m a t r i x  c o n t a i n i n g  t h e  number o f  d a y s  

r e p r e s e n t e d  by e a c h  o f  D z e r d z e e v s k i i * s  f o r t y - o n e  c i r c u l a t i o n  

t y p e s  from J a n u a r y  1 ,  1899 t h r o u g h  December 3 1 ,  1969.  The

e i g e n v e c t o r s  c a l c u l a t e d  were i n t e r p r e t e d  a s  z o n a l  o r  m e r i ­

d i o n a l ,  and f a c t o r  s c o r e s  f o r  e a c h  y e a r  were p l o t t e d  th r o u g h  

t i m e .  For  b o th  t h e  summer and  w i n t e r  d a t a ,  a s t e p w i s e  

ch an ge  i n  t h e  p r e d o m in a n t  c i r c u l a t i o n  o c c u r r e d  i n  t h e  e a r l y  

1950*s .  K a ln ic k y  n o t e d  t h a t  t h e  chan g e  i n  c i r c u l a t i o n  c o r ­

r e s p o n d e d  c l o s e l y  w i th  a s h i f t  from warming t o  c o o l i n g  i n  

t h e  N o r t h e r n  H em isphere .

D z e r d z e e v s k i i  (1969) r e p o r t e d  s i m i l a r  f i n d i n g s  t o  

t h o s e  o f  K a ln ic k y .  The b a s i s  o f  D z e r d z e e v s k i i * s  work was i n  

t h e  c l a s s i f i c a t i o n  o f  c i r c u l a t i o n  r e g im e s  i n t o  " t y p e s . "  He 

a l s o  showed t h a t  by t h e  e a r l y  1950*s ,  t h e  g e n e r a l  c i r c u l a ­

t i o n  o f  t h e  a tm o sp h e re  had s h i f t e d  from a p r e d o m i n a n t l y  

z o n a l  p a t t e r n  t o  one t h a t  was m e r i d i o n a l .  He s u g g e s t e d  t h a t  

t h i s  s h i f t  was o b s e r v a b l e  i n  c h an g e s  i n  r e g i o n a l  p a t t e r n s  o f  

p r e c i p i t a t i o n  and t e m p e r a t u r e  which may i n  t u r n  s i g n i f i ­

c a n t l y  a f f e c t  h y d r o l o g i c a l  phenomena.

The n o te d  B r i t i s h  i n v e s t i g a t o r ,  H. H. Lamb, has  a l s o  

s t u d i e d  c h a n g e s  i n  c i r c u l a t i o n  t h r o u g h  t im e  (Lamb, 1966) .  

Lamb examined t e m p e r a t u r e  and  p r e c i p i t a t i o n  p a t t e r n s ,  and 

d e s c r i b e d  t h e  e f f e c t s  c f  c h a n g e s  i n  t h e s e  e l e m e n t s  upon 

h y d r o l o g i c a l  f e a t u r e s  i n  A f r i c a .  c o n s t r u c t i o n  o f  p r e s s u r e
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anom aly  maps l e d  Lamb t o  c o n c l u d e  t h a t  t h e  f i r s t  h a l f  o f  t h e  

1960*3 had  s e e n  m e r i d i o n a l  w in d s t r e a m s  become more p r e v a l e n t  

i n  t h e  e x t r a t r o p i c a l  l a t i t u d e s  o f  t h e  N o r th e r n  H em isphere .  

He a l s o  c o n c l u d e d  t h a t  t h e r e  were r e a s o n s  t o  e x p e c t  more 

v a r i a b i l i t y  i n  s e a s o n a l  r a i n f a l l  and  t e m p e r a t u r e s  i n  many 

r e g i o n s  t o  accompany t h e  m e r i d i o n a l  f l o w  p a t t e r n .

Wahl a n d  Lawson (1970) p u b l i s h e d  f i n d i n g s  t h a t  dem­

o n s t r a t e d  t h a t  t h e  l a t e  1950*s and 1 9 6 0 ' s  a p p e a r e d  t o  be 

v e r y  s i m i l a r  t o  a t im e  p e r i o d  1850 t h r o u g h  1869 .  By compar­

i n g  c l i m a t o l o g i c a l  d a t a  from t h i r t y - f i v e  a r e a s  i n  t h e  U n i t e d  

S t a t e s  from t h e  m i d - n i n e t e e n t h  c e n t u r y  t o  t h e  1931 -  1960

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

c l u d e d  t h a t  t h e  e a r l i e r  p e r i o d  was d o m in a ted  by  m e r i d i o n a l  

c i r c u l a t i o n .  D u r in g  t h e  1850*s and  1 8 6 0 ' s ,  t h e  w e s t e r n  

s t a t e s  a p p e a r e d  t o  b e  r e l a t i v e l y  warmer t h a n  t h e  e a s t e r n  

s t a t e s .  P r e c i p i t a t i o n  v a l u e s  were  t h o u g h t  t o  be  l e s s  r e l i a ­

b l e  t h a n  t e m p e r a t u r e ,  b u t  i t  a p p e a r e d  t h a t  t h e  w e s t e r n  

s t a t e s  were w e t t e r  t h a n  t h e  e a s t e r n  o n e s  i n  t h e  mid-IBOC’ s .  

S p a t i a l  p a t t e r n s  i n  more r e c e n t  c l i m a t i c  d a t a ,  a p e r i o d  

f rom  1959 t h r o u g h  1968, s t r o n g l y  r e s e m b l e d  t h e  m e r i d i o n a l  

p a t t e r n  o f  t h e  1850*s and  1860*s .

I n  an a r t i c l e  d e s c r i b i n g  c o n d i t i o n s  on t h e  American 

G r e a t  P l a i n s  o v e r  t h e  p a s t  e i g h t y  y e a r s ,  B o r c h e r t  (1971) 

showed t h a t  d r o u g h t  c o n t i n u e d  t o  o c c u r  a t  i n t e r v a l s  o f  

a p p r o x i m a t e l y  t w e n t y  y e a r s .  The p a t t e r n  o f  d r o u g h t  o b s e r v e d  

t h r o u g h  t i m e  c l o s e l y  f o l l o w e d  c h a n g e s  i n  t h e  p re d o m in a n t  

f l o w  p a t t e r n s  which have  a l s o  f l u c t u a t e d  n e a r  t h i s  tw e n ty
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y e a r  i n t e r v a l .  B o r c h e r t  r e p o r t e d  t h a t  t h e  z o n a l  f low  

d o m in a te d  i n  t h e  19 3 0 *s;  by t h e  e a r l y  1950* s ,  t h e  p a t t e r n  

was r e p o r t e d  t o  ha ve  s h i f t e d  back  t o  m e r i d i o n a l ,  c o n se q u e n ­

t i a l  i m p a c t s  on w a t e r  a v a i l a b i l i t y ,  s o i l  s a l i n i t y ,  c r o p  

p r o d u c t i v i t y ,  and  o n  m i g r a t i o n  o f  f a r m e r s  were n o t e d .

G e o g r a p h i c a l  A pproach

Changes i n  t h e  c i r c u m p o l a r  v o r t e x  have  been  s t u d i e d  

t h r o u g h  a v a r i e t y  o f  d i s c i p l i n e s .  I n v e s t i g a t o r s  have  used  

t h e s e  i d e a s  t o  s t u d y  g e o l o g i c a l  phenomena (B ro o k s ,  1 9 51 ) ,  

d i s c o n t i n u i t i e s  i n  c i v i l i z a t i o n s  (Wendland and B ry so n ,  1974 

and B ryson  and  M urray ,  1 977) ,  and c h an g e s  i n  a n im a l  and 

p l a n t  c o m m u n i t i e s  ( C r i s p ,  1 9 5 9 ) .  The d e v e lo p m e n t  o f  g e n e r a l  

c i r c u l a t i o n  models f o r  t h e  a tm o s p h e r e  r e l i e d  h e a v i l y  on 

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

d i s p a r i t i e s  (S m ago r in sk y ,  1 9 7 1 ) .

The i n t e r d i s c i p l i n a r y  n a t u r e  o f  t h e  s t u d y  o f  c l i ­

m a t i c  v a r i a t i o n  i s  w e l l  s u i t e d  t o  i n q u i r y  by t h e  g e o g r a p h e r  

i n t e r e s t e d  i n  c l i m a t o l o g y .  The q u e s t i o n  t h a t  p e r s i s t e d ,  

h o w e v e r ,  was how s h o u l d  g e o g r a p h e r s  s t u d y  c l i m a t o l o g i c a l  

phenomena i n  some u n i q u e l y  g e o g r a p h i c a l  way? T h i s  t o p i c  was 

d e b a t e d  v i g o r o u s l y  i n  t h e  1950*s ;  some g e o g r a p h e r s  ( J o n e s ,  

1950 and  P i t t s ,  1956) a rg u e d  t h a t  c l i m a t o l o g i s t s  needed  t o  

be  a p p l i e d ,  p r o v i d i n g  d i r e c t  i n p u t  i n t o  o t h e r  g e o g r a p h i c a l  

s t u d i e s .  T r e w a r th a  (1957) a r g u e d  t h a t  c l i m a t o l o g y  was an 

a t m o s p h e r i c  s c i e n c e  t h a t  s h o u l d  be s t u d i e d  f o r  i t s  own s a k e .  

B a re  (1966) s t a t e d  t h a t  g e o g r a p h e r s  s h o u l d  view c l i m a t e  i n
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t e r m s  o f  im p a c t  on  human a c t i v i t i e s ,  T e r ju n g  (1976) a rg u e d  

t h a t  models  c r e a t e d  i n  g e o g r a p h i c a l  c l i m a t o l o g y  s h o u ld  be 

l i n k e d  t o  t h e  g e n e r a l  d e c i s i o n - m a k i n g  p r o c e s s .  I n  t h i s  

i n v e s t i g a t i o n ,  some a t t e m p t  was made t o  i n d i c a t e  t h e  u s e f u l ­

n e s s ,  i n  t e r m s  o f  human a c t i v i t y ,  o f  t h e  f i n d i n g s .

S t u d y i n g  some phenomenon g e o g r a p h i c a l l y  g o e s  beyond 

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

i t y ,  Geography i s  f u n d a m e n t a l l y  a s t u d y  of  s p a t i a l  p a t t e r n s  

e x h i b i t e d  by phenomena. S t r i n g e r  (1972 :35 -36)  s t a t e d  t h a t  

t h e  a im o f  t h e  g e o g r a p h e r  was t o  a s s e s s  t h e  e x t e n t  t o  which 

a t m o s p h e r i c  phenomena a r e  m a n i f e s t e d  r e g i o n a l l y .  The s p a ­

t i a l  a p p ro a c h  r e m a in s  t h e  common f a c t o r  c em en t in g  t h e  d i s c i ­

p l i n e ,  n o t  t h e  e m p h a s i s  on u t i l i t y .  Hence ,  t h i s  i n v e s t i g a ­

t i o n  g e n e r a l l y  s o u g h t  t o  f i n d  s p a t i a l  p a t t e r n s  i n  t h e  

c h a n g e s  o f  c l i m a t i c  e l e m e n t s  i n  a s s o c i a t e d  w i th  a f l u c t u a ­

t i o n  i n  t h e  c i r c u l a t i o n  p a t t e r n  o f  t h e  a tm o s p h e r e .

P o t e n t i a l  C o n t r i b u t i o n s  

Each s e c t i o n  i n  t h i s  i n v e s t i g a t i o n  h o l d s  p o t e n t i a l l y  

u s e f u l  c o n t r i b u t i o n s ,  n o t  o n ly  t o  t h e  a tm o s p h e r i c  s c i e n c e s ,  

b u t  t o  many p h y s i c a l  and s o c i a l  s t u d i e s  f o r  which c l i m a t e  i s  

a com ponen t .  The combined e f f o r t s  r e p o r t e d  i n  t h i s  i n v e s t i ­

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

i n  t h e  f i e l d  o f  c l i m a t i c  ch an g e :  do c h a n g e s  i n  a t m o s p h e r i c

c i r c u l a t i o n  c o i n c i d e  w i th  s i g n i f i c a n t  c h an ges  i n  t h e  s u r f a c e  

c l i m a t i c  p a r a m e t e r s ,  and do t h e s e  c h a n g e s ,  i f  o b s e r v e d ,  d i s ­

p l a y  d i s t i n c t i v e  s p a t i a l  p a t t e r n s ?  I t  i s  w e l l  e s t a b l i s h e d
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t h a t  many c u l t u r a l  a c t i v i t i e s  a r e  l i n k e d  t o  c l i m a t i c  

e l e m e n t s  ( O l i v e r ,  1973; S m i th ,  1975; and  M ather ,  1974) .  For  

e x a m p le ,  many models  r e v ie w e d  by McQuigg (1975) r e l a t e d  c l i ­

mate t o  t h e  p r o d u c t i o n  o f  f o o d ,  w a t e r  su p p ly  and demand, 

e n e r g y  c o n su m p t io n ,  and  t o  c o m m e rc ia l  an d  i n d u s t r i a l  a c t i v i ­

t i e s .  Knowledge r e g a r d i n g  which e l e m e n t s  have changed  and 

t h e  m agni tude  o f  t h e i r  change  i s  v i t a l  i n  d e c i s i o n - m a k i n g  

a r e a s  s e n s i t i v e  t o  a tm o s p h e r i c  c o n d i t i o n s .  D e f i n i n g  r e g i o n s  

where  t h e  m agn i tude  of  change  was g r e a t e s t  i s  u s e f u l  i n  

e s t a b l i s h i n g  i n d i c e s  o f  r i s k  from c l i m a t i c  f l u c t u a t i o n s .  

D e te rm in in g  which e l e m e n t s  change  t h e  most may be  u s e f u l  i n  

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

i n  t h e  i n t e r p r e t a t i o n  o f  c l i m a t i c  h i s t o r i e s .  I n  t h a t  many 

a c t i v i t i e s  and phenomena have  been  shown t o  c l o s e l y  f o l l o w  

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

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

t h e  s p a t i a l  p a t t e r n s  o f  t h e  phenomena u n d e r  c o n s i d e r a t i o n .

The u rgency  f o r  s t u d i e s  i n  c l i m a t i c  v a r i a b i l i t y  i n  

c o n n e c t i o n  w i th  n a t i o n a l  a c t i v i t i e s  was s p e l l e d  o u t  i n  t h e  

r e c e n t  U n i ted  S t a t e s  C l im a te  Program P l a n  ( I n t e r d e p a r t m e n t a l  

Committee  f o r  A tm ospher ic  S c i e n c e s ,  1 9 7 7 ) .  Throughou t  t h i s  

Program P la n ,  t h e  s e n s i t i v i t y  o f  many human a c t i v i t i e s  t o  

c l i m a t i c  c o n d i t i o n s  was s t r e s s e d .  C l i m a t i c  v a r i a b i l i t y  

s t u d i e s  where r e c e n t  c l i m a t i c  f l u c t u a t i o n s  were i n v e s t i g a t e d  

were viewed a s  i m p o r t a n t  i n  i d e n t i f y i n g  t h e  key c l i m a t i c  

e l e m e n t s  o f  t h e  g l o b a l  sy s tem  t h a t  were s e n s i t i v e  t o  c l i ­

m a t i c  ch an ge ,  a l l o w i n g  c a u s e  and e f f e c t  h y p o t h e s e s  t o  be
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t e s t e d .  T e s t s  o f  t h e  n u a e r i c a l  models must i n c l u d e  

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

b e  u s e d  i n  model v e r i f i c a t i o n .  S t u d i e s  d i s p l a y i n g  r e g i o n a l  

p a t t e r n s  i n  c l i m a t i c  change  may l e a d  t o  t h e  i d e n t i f i c a t i o n  

o f  i n t e r r e l a t i o n s h i p s ,  t h r o u g h  s p a c e ,  e x i s t i n g  i n  t h e  c l i ­

m a t i c  ch an ge  p r o c e s s e s .  I n f o r m a t i o n  on  p a s t  c l i m a t i c  f l u c ­

t u a t i o n s  i s  a l s o  n e e d e d  i n  d e v e l o p i n g  t h e  r e q u i r e m e n t s  f o r  

r e f i n i n g  t h e  o b s e v a t i o n a l  n e tw o rk .  I n  sum, th e  U n i ted  

S t a t e s  C l im a te  Program P l a n  c a l l e d  f o r  t h e  e x p l i c i t  d e t e r m i ­

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

o c c u r r e d  i n  t h e  U n i t e d  S t a t e s .
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CHAPTER I I

GENERAL OPERATIONAL CONSIDERATIONS 

AND HETflODOLOGICAL FRAREwOEK

O p e r a t i o n a l  C o n s i d e r a t i o n s

T em pora l  C o n s i d e r a t i o n s  

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

two c o n t r a s t i n g  c i r c u l a t i o n  r e g im e s  r e q u i r e d  t h e  s e l e c t i o n  

o f  a t im e  p e r i o d  t h a t  had b e en  d o m in a te d  by two d i s t i n c ­

t i v e l y  d i f f e r e n t  c i r c u l a t i o n  t y p e s .  The t im e  p e r i o d  must 

have  been  long  enough t o  g i v e  c l i m a t i c  a v e r a g e s  s i g n i f i ­

c a n c e .  The c o n s e n s u s  o f  a g ro u p  o f  c l i m a t i c  r e s e a r c h e r s  

( B o r c h e r t ,  1971;  D z e r d z e e v s k i i ,  1969; K a l n i c k y ,  1974;  Lamb, 

1966 ,  1969; and  Wahl and Lawson,  1970) s u p p o r t e d  t h e  c o n c l u ­

s i o n  t h a t  u p p e r  a i r  c i r c u l a t i o n  was z o n a l  d u r i n g  t h e  1930*s,  

1 9 4 0 * s ,  and e a r l y  1 9 5 0 ' s ,  By 1955, t h e  c i r c u l a t i o n  s h i f t e d  

t o  a m e r i d i o n a l  p a t t e r n  t h a t  h a s  p e r s i s t e d  t h r o u g h  t h e  

1970*s .  For  t h i s  i n v e s t i g a t i o n ,  t e n  y e a r s ,  a s t a n d a r d  t i m e  

s c a l e  i n  c l i m a t o l o g y  ( M i t c h e l l  e t  a l . ,  1 9 7 1 ) ,  o f  e a c h
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c i r c u l a t i o n  t y p e  was r e p r e s e n t e d .  Only w i n t e r  d a t a  

(December ,  J a n u a r y ,  and  F e b r u a r y )  were  u t i l i z e d  i n  t h a t  

t e m p e r a t u r e  g r a d i e n t s  a r e  s t e e p e s t  i n  w i n t e r  from e q u a t o r  t o  

p o l e ,  an d  c l i m a t i c  f l u c t u a t i o n s  t e n d  t o  be a c c e n t u a t e d  d u r ­

i n g  t h e  lo w -su n  m onths .  D u r in g  t h e  summer, t h e  r e l a t i v e l y  

s m a l l  h o r i z o n t a l  t e m p e r a t u r e  g r a d i e n t  l e a v e s  t h e  g e n e r a l  

c i r c u l a t i o n  i n  a weak, p o o r l y  d e f i n e d  s t a t e .

Two s t u d y  p e r i o d s  were  s e l e c t e d  p r i m a r i l y  on t h e  

b a s i s  o f  t h e  work o f  K a ln ic k y  ( 1 9 7 4 ) ,  One, t h e  z o n a l  

p e r i o d ,  was d e f i n e d  a s  t h e  t e n  y e a r s  o f  w i n t e r  c l i m a t i c  d a t a  

from December,  1939 t o  F e b r u a r y ,  1949;  t h e  m e r i d i o n a l  

p e r i o d  began  i n  December ,  1955 and c o n t i n u e d  t h r o u g h  F eb ru ­

a r y ,  1965.  T h i s  scheme y i e l d e d  two d i s t i n c t l y  d i f f e r e n t  t e n  

y e a r  p e r i o d s ,  one d o m in a ted  by a z o n a l  f l o w ,  t h e  o t h e r  by 

m e r i d i o n a l  c i r c u l a t i o n .

F i g u r e  1 d i s p l a y s  t h e  modal 500 m i l l i b a r  c i r c u l a t i o n  

p a t t e r n s  f o r  t h e  z o n a l  and  m e r i d i o n a l  p e r i o d s .  O f t e n ,  mean 

f l o w  c a l c u l a t i o n  smooth o u t  v a r i a t i o n s  o c c u r r i n g  from month 

t o  m onth .  Over  l o n g e r  p e r i o d s  o f  t i m e ,  i n  t h i s  c a s e  t h i r t y  

months  o f  e a c h  ty p e  o f  c i r c u l a t i o n ,  d i f f e r e n c e s  be tween  t h e  

z o n a l  and  m e r i d i o n a l  mean p r e v a l e n t  f l e w  p a t t e r n s  would be 

l o s t  i n  t h e  a v e r a g i n g  p r o c e s s .

The p a t t e r n s  d i s p l a y e d  i n  F i g u r e  1 were  d e v e lo p e d  

from an e x a m i n a t i o n  o f  t h e  500 m i l l i b a r  p r e s s u r e  s u r f a c e s  

f o r  a l l  z o n a l  and m e r i d i o n a l  months i n  t h i s  s t u d y .  These  

p r e s s u r e  maps were p u b l i s h e d  i n  t h e  Monthly W eather  Review 

u n t i l  1950 ,  and t h e n  were c o n t i n u a l l y  p u b l i s h e d  i n
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Cl i m a t o l o g i c a l  D a ta ; N a t i o n a l  Summary, The c o n t o u r  i n t e r v a l  

f o r  t h e  maps i n  F i g u r e  1 i s  a p p r o x i m a t e l y  f i f t y  m e t e r s ,  w i th  

t h e  h i g h e s t  v a l u e s  o f  t h e  p r e s s u r e  s u r f a c e  fo un d  i n  t h e  

s o u t h e r n  r e g i o n s .  The magni tude  f o r  each c o n t o u r  l i n e  was 

n o t  p r e s e n t e d ,  f o r  t h e s e  maps d i s p l a y  t h e  m odal  sh a p e  o f  t h e  

500 m i l l i b a r  s u r f a c e .  The mean h e i g h t  o f  t h i s  s u r f a c e  may 

c h a n g e  from month t o  month,  b u t  o n ly  t h e  p a t t e r n  o f  t h e  s u r ­

f a c e  was o f  i n t e r e s t  h e r e .  The m ajor  d i f f e r e n c e  be tween t h e  

two was t h e  l a r g e  r i d g e  d e v e lo p e d  o v e r  t h e  S o c k i e s  and t h e  

t r o u g h  o v e r  t h e  e a s t e r n  one h a l f  o f  t h e  O n i ted  S t a t e s '  d u r in g  

t h e  m e r i d i o n a l  p e r i o d .

S e l e c t i o n  o f  C l i m a t i c  E lem en ts  

I n  many c l i m a t o l o g i c a l  i n v e s t i g a t i o n s ,  t e m p e r a t u r e  

and  p r e c i p i t a t i o n  v a l u e s  a v e r a g e d  a t  t h e  m on th ly  t im e  s c a l e ,  

c o m p r i s e d  t h e  d a t a  f o r  which t h e  s t u d y  was b a s e d .  I d e a l l y ,  

many more v a r i a b l e s  o f  t h e  c l i m a t i c  c o n f i g u r a t i o n  s h o u ld  be 

i n c l u d e d ,  b u t  to o  o f t e n ,  t h e  l a c k  o f  q u a l i t y  m easurements  

t h r o u g h  t i m e  and s p a c e  r e s t r i c t e d  t h e  use o f  l e s s  conven­

t i o n a l  v a r i a b l e s  ( e , g ,  s o l a r  r a d i a t i o n ,  e v a p o r a t i o n ,  v o r t i c -  

i t y )  .  In  t h i s  s t u d y ,  a t t e m p t s  were made t o  i n c l u d e  some 

t y p e  o f  m easurem ent  from eac h  o f  t h e  a t m o s p h e r e ' s  t h r e e  

m a jo r  co m po n en ts ;  (1) a measure  o f  v o r t i c i t y  o r  s u r f a c e  c i r ­

c u l a t i o n ;  (2) h e a t  e n e r g y ;  and (3) m o i s t u r e ,  B a r r e t t  (1970) 

s u g g e s t e d  t h a t  t h e s e  t h r e e  c o m p o n e n t s ,  i n  one form o r  

a n o t h e r ,  were t h e  b a s i s  f o r  most  c l i m a t o l o g i c a l  s t u d i e s .  I n  

a c t u a l  p r a c t i c e ,  s u r r o g a t e s  f o r  eac h  were d e t e r m i n e d  from
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t h e  e x i s t i n g  d a t a ,  a l l  d a t a  i n  t h i s  s t u d y  were t a k e n  a t  t h e  

m on th ly  t im e  s c a l e ,  a s  c h ang es  i n  c l i m a t e  s h o u l d  show up i n  

t h e  m on th ly  a v e r a g e s .  Monthly a v e r a g e s  a l s o  e l i m i n a t e d  t h e  

f l u c t u a t i o n s  a t  s m a l l e r  t im e  i n t e r v a l s  a s s o c i a t e d  w i th  mov­

i n g  s h o r t  waves t h a t  might  o b s c u r e  t h e  p a t t e r n  o f  t h e  p e r ­

s i s t e n t  c i r c u l a t i o n  t y p e .

Three  m ajo r  c l i m a t i c  v a r i a b l e s  were u se d  as  i n d i c a ­

t o r s  o f  c i r c u l a t i o n :  (a) b a r o m e t r i c  p r e s s u r e ;  (b) wind

s p e e d ;  and (c) wind d i r e c t i o n .  B a r o m e t r i c  p r e s s u r e  v a r i a ­

t i o n s  were assumed t o  v a r y  i n v e r s e l y  w i th  v o r t i c i t y  (Harman, 

1 9 7 1 ) .  S ind  s p e e d  and wind d i r e c t i o n  were a l s o  combined i n  

v e c t o r  form t o  y i e l d  a  m easure  o f  t h e  n o r t h e r l y  and w e s t e r l y  

c om ponen ts  o f  t h e  wind ( C o f f i n ,  1 9 6 4 ) .  S e v e r a l  m easures  o f  

wind p e r s i s t e n c e  were a l s o  computed .

To e s t i m a t e  h e a t  e n e r g y ,  a v e r a g e  m onth ly  t e m p e r a t u r e  

v a l u e s  were em ployed .  Work by McBoyle (1971) and a p i l o t  

s t u d y  by t h i s  i n v e s t i g a t o r  showed a h i g h  c o r r e l a t i o n  e x i s t ­

i n g  be tw een  a v e r a g e ,  maximum, and minimum t e m p e r a t u r e s .  The 

more commonly used v a r i a b l e ,  a v e r a g e  m onth ly  t e m p e r a t u r e ,  

was u t i l i z e d  t o  a v o id  u n n e c e s s a r y  o v e r l a p  i n  t h e  m easure ­

m e n t s .

T h ree  d im e n s io n s  o f  a t m o s p h e r i c  m o i s t u r e :  (a) r e l a ­

t i v e  h u m id i t y ;  (b) t o t a l  p r e c i p i t a t i o n ;  and (c) p r e c i p i t a ­

t i o n  days  were i n c l u d e d .  V a r i a t i o n s  i n  t o t a l  p r e c i p i t a t i o n ,  

m o i s t u r e  i n  t h e  a tm o s p h e r e ,  and p r e c i p i t a t i o n  i n t e n s i t y  were 

o b t a i n a b l e  from t h e  m easurem ents .
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D ata  A v a i l a b i l i t y  and t h e  S t a t i o n  Network 

With t h e  t im e  p e r i o d s  a n d  c l i m a t o l o g i c a l  e l e m e n t s  

i d e n t i f i e d ,  a  s t a t i o n  ne tw ork  o f  s u f f i c i e n t  d e n s i t y  was 

s e l e c t e d .  The c o t e r m i n o u s  U n i t e d  S t a t e s  p r o v i d e d  an e x c e l ­

l e n t  s u r f a c e  f o r  t e s t i n g  c l i m a t i c . f l u c t u a t i o n s  a s  i t  f a l l s  

i n  t h e  m idd le  l a t i t u d e s  where t h e  c i r c u m p o l a r  v o r t e x  i s  

o f t e n  l o c a t e d  i n  t h e  w i n t e r  m onths .  The r e s u l t  o f  t h i s  

l o c a t i o n  meant t h a t  c h a n g e s  i n  t h e  c i r c u l a t i o n  c o n f i g u r a t i o n  

were l i k e l y  t o  be d i s p l a y e d  i n  t h e  s u r f a c e  c l i m a t i c  d a t a ,  i f  

t h e  h y p o t h e s e s  o f  t h i s  s t u d y  were c o r r e c t .  The s u r f a c e  was 

s u f f i c i e n t l y  l a r g e  t o  y i e l d  m e a n in g f u l  r e g i o n s  b a s e d  upon 

c l i m a t i c  f l u c t u a t i o n s ,  and i t  c o n t a i n e d  a v a r i e t y  o f  t o p o ­

g r a p h i c  f e a t u r e s  which i n t e r a c t e d  w i th  t h e  chan g e  p a t t e r n s .  

A r e a s o n a b l y  good n e tw o rk  o f  s t a t i o n s  was m a i n t a i n e d  u n d e r  

g o ve rn m en t  s u p e r v i s i o n  f o r  t h e  l e n g t h  o f  t i m e  r e q u i r e d  f o r  

t h i s  s t u d y .  A l l  f i r s t - o r d e r  c l i m a t o l o g i c a l  s t a t i o n s  t h a t  

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

m o i s t u r e ,  and wind d a t a  f rom December,  1939 t h r o u g h  F e b r u ­

a r y ,  1965 were i n c l u d e d ,  one h u n d red  f i f t y - o n e  i n  a l l  ( s e e  

F i g u r e  2 ) .  The d a t a  were p u b l i s h e d  i n  t h e  Monthly  W eather  

3 e v ie w  u n t i l  1950 and t h e n  a p p e a re d  i n  a s i m i l a r  form i n  

Cl i m a t o l o g i c a l  D a t a ; N a t i o n a l  Summary.
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Me t h o d o l o q i c a 1 Framework

N e a r e s t - N e i g h b o r  A n a l y s i s  

To t e s t  t h e  n o t i o n  t h a t  t h e  s t a t i o n  n e tw o rk  was d i s ­

t r i b u t e d  f a i r l y  e v e n l y  a c r o s s  t h e  c o n t i n e n t a l  D a i t e d  S t a t e s ,  

t h e  n e a r e s t - n e i g h b o r  t e s t  was u s e d .  T h is  t e s t  p r o v i d e d  a 

p r e c i s e  m easure  o f  t h e  d e g r e e  o f  ran do m ness  o f  t h e  d i s t r i b ­

u t i o n  o f  p o i n t s  w i t h i n  t h e  s t u d y  a r e a .  By e x am in in g  t h e

n e a r e s t - n e i g h b o r  s t a t i s t i c  B, one c a n  d e t e r m i n e  i f  t h e  

p o i n t s  a r e  c l u s t e r e d  (fi = 0 . 0 ) ,  random (B = 1 . 0 0 ) ,  o r  u n i ­

form  (R = 2 . 1 5 ) .  An R s c a l e  can be c r e a t e d  u s in g  t h e s e  

benchm ark  v a l u e s ,  and p o i n t  p a t t e r n s  may be  d e s c r i b e d  a s  

" a p p r o a c h i n g  random" o r  " n e a r l y  c l u s t e r e d "  and  so  o n .  From 

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

s t a t i s t i c  was d e r i v e d  a s ;

R = r ( A ) / r ( E )

where  r(A) was t h e  a c t u a l  mean d i s t a n c e  be tween c l i m a t o l o g i ­

c a l  s t a t i o n s  c a l c u l a t e d  a s :

r{A) = [ r ( 1 )  + r ( 2 )  + . . .  + r(N) ]/N

where  r ( i )  was t h e  measured d i s t a n c e  from eac h  s t a t i o n  t o  

i t s  n e a r e s t - n e i g h b o r ,  and N was t h e  t o t a l  number o f  s t a ­

t i o n s .  The v a l u e  o f  r  (E) was t h e  e x p e c t e d  mean d i s t a n c e  

c a l c u l a t e d  a s :

r(E) = 1/ (2>fp)
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where p was t h e  e x p e c t e d  d e n s i t y  g i v e n  b j :

p = N / t o t a l  a r e a .

F o r  a f u r t h e r  d i s c u s s i o n  on t h e  deve lopm ent  and use  o f  t h i s

t e s t ,  s e e  ï e a t e s  (1974) and King (1968) .

A m a jo r  c o n c e r n  i n  t h i s  s t u d y  was t h a t  t h e  s t a t i o n

n e tw o rk  formed a  c l u s t e r e d  p a t t e r n ,  b i a s i n g  t h e  f i n d i n g s .

Any H v a l u e  between t h e  random v a l u e  o f  1.00 and t h e  un i fo rm  

o r  d i s p e r s e d  v a lu e  o f  2 .1 5  d e m o n s t r a t e d  t h a t  t h e  d i s t r i b ­

u t i o n  p a t t e r n  o f  t h e  s t a t i o n s  was a c c e p t a b l e ,  a s s u r i n g  t h a t  

no s i g n i f i c a n t  o v e r l o a d  e n t e r e d  t h e  s t u d y  f rom  one r e g i o n  i n  

t h e  U n i ted  S t a t e s .  The 3 v a lu e  d e te r m in e d  f o r  t h e  d i s t r i b ­

u t i o n  o f  s t a t i o n s  p r e s e n t e d  i n  F i g u r e  2 was 1 . 3 6 ,  a v a lu e  

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

d i s p e r s e d  a c r o s s  t h e  U n i te d  S t a t e s ,

Homogeneity  T e s t  

In  t h a t  many o f  t h e  r e c o r d s  used  i n  t h i s  s t u d y  were 

from u rb an  l o c a t i o n s  marked by p o s s i b l e  l a n d  use  c h ang es  

n e a r  t h e  c o l l e c t i o n  s i t e ,  c h a n g e s  i n  a i r  q u a l i t y ,  o r  even 

c h a n g e s  i n  t h e  c o l l e c t i o n  s i t e  l o c a t i o n ,  a t e s t  o f  random­

n e s s  i n  t h e  c l i m a t i c  d a t a  was pe rfo rm ed  t o  be c e r t a i n  t h a t  

t h e  d a t a  f o r  each  s t a t i o n  were r e g i o n a l l y  homogeneous. D i f ­

f e r e n t i a l  t r e n d s  i n  t h e  r e c o r d s  were n o t  n e c e s s a r i l y  l i n e a r ,  

t h e r e f o r e ,  t h e  t e s t  must  h ave  been c a p a b le  o f  d e t e c t i n g  

n o n - l i n e a r  o r  l i n e a r  t r e n d s .  Such a t e s t  was d e s c r i b e d  by
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M i t c h e l l  e t  a l .  (1971) where  t h e  M ana-K enda l l  Saak 

S t a t i s t i c ,  I ,  was computed  a s :

T = [4 P /B  (S-1) ] -  1

w here  N was t h e  number o f  y e a r s  i a  t h e  d a t a  s e t ,  and P was 

t h e  s t a t i s t i c  c a l c u l a t e d  a s :

P = n(1)  + . . . + n (N-1)

w here  a ( i )  was t h e  number o f  l a t t e r  t e r m s  i n  a t im e  s e r i e s  

t h a t  e x c e e d s  x ( i ) ,  t h e  t e s t  v a r i a b l e .  In  o t h e r  words ,  t o

f i n d  n ( 1 ) ,  compare t h e  v a lu e  o f  t h e  f i r s t  t e r m ,  x ( 1 ) ,  w i t h

e a c h  te rm  i n  t h e  s e r i e s  t h a t  f o l l o w s ,  e n d in g  w i th  x (N). The

number o f  t im e s  x(1)  was e x c e e d e d  d e f i n e s  n ( 1 ) .  The v a l u e  

o f  a (2) was d e t e r m i n e d  by com par ing  x (2 )  w i t h  eac h  s u c c e s ­

s i v e  v a l u e  in  t h e  t im e  s e r i e s ,  c o u n t i n g  th e  number o f  l a r g e r  

t e r m s ,  and  so on u n t i l  n(N-1) was d e t e r m i n e d .

F o r  c a s e s  where H i s  t e n  o r  g r e a t e r ,  t h e  v a lu e  o f  T 

i s  compared  t o  T (t)  w i th  t h e  v a l u e :

T ( t )  = 0 + t(%) 4 ( 4 N + 1 0 ) / [ 9 N ( N - 1 ) ]

where  t ( g )  i s  t h e  p r o b a b i l i t y  p o i n t  o f  t h e  G a u s s i a n  d i s t r i b ­

u t i o n  f o r  a  t w o - t a i l e d  t e s t .  F o r  exam ple ,  t ( g )  i s  1 .96 f o r  

t h e  .0 5  c o n f i d e n c e  l e v e l  and  2 . 5 6  a t  t h e  .01  c o n f i d e n c e  

l e v e l .  I f  T i s  g r e a t e r  than- T (t )  ,  a s i g n i f i c a n t  d i f f e r e n t  

t r e n d  i s  e s t a b l i s h e d ,  i f  T i s  l e s s  t h a n  T ( t ) ,  no d i f f e r e n ­

t i a l  t r e n d  i s  s u b s t a n t i a t e d .

A prob lem  t h a t  was e n c o u n t e r e d  i n  u s i n g  t h i s  t e s t
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l i e s  ia. t h e  c o m p u t a t i o n  o f  T ( t ) .  The l i m i t  o f  t h e  T ( t )

f u n c t i o n  computed a s  N, t h e  number o f  y e a r s ,  i n c r e a s e s  t o

i n f i n i t y  i s  z e r o .  I n  o t h e r  w ords ,  t h e  s i g n i f i c a n c e  i n d i c a ­

t o r  T ( t )  becomes v e r y  s m a l l  a s  t h e  number o f  . y e a r s  i n c e a s e s .  

The same was n o t  t r u e  f o r  t h e  e q u a t i o n  f o r  which t h e  Hann- 

K e n d a l l  Bank S t a t i s t i c ,  T ,  i s  g e n e r a t e d .  T h e r e f o r e ,  t h e  

t e s t  becomes o v e r l y  s e n s i t i v e  when t h e  number o f  y e a r s  i n  

t h e  s e r i e s  i n c r e a s e s .

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

f o r  u s e  i n  t h e  t e s t  was o f  o b v io u s  i m p o r t a n c e .  P e t e r s o n

(1975) r ev ie w ed  a g r e a t  d e a l  o f  work w r i t t e n  on how c h a n g in g  

l a n d  u se  i n  u r b a n  a r e a s  a f f e c t s  l o c a l  c l i m a t e s .  T e m p era tu re  

h a s  been c i t e d  a s  one  v a r i a b l e  g u i t e  s e n s i t i v e  t o  c h a n g e s  i n  

t h e  u rb a n  l a n d s c a p e .  I t  h a s  t h e  a d v a n t a g e  o f  b e in g  more 

r e g i o n a l l y  homogeneous th r o u g h  t im e  compared t o  p r e c i p i t a ­

t i o n  m e a su re s ,  making i t  w e l l - s u i t e d  f o r  u s e  i n  t h e  homo­

g e n e i t y  t e s t .  M i t c h e l l  e t  a l ,  (1971) s u g g e s t e d  t h e  use o f  

b a r o m e t r i c  p r e s s u r e ,  a s  i t  i s  a d i f f i c u l t  r e c o r d  t o  keep 

compared  t o  many v a r i a b l e s  and i s  p a r t i c u l a r l y  s e n s i t i v e  t o  

c h a n g e s  i n  t h e  l o c a t i o n  o f  t h e  c o l l e c t i o n  s i t e .  I n  t h i s  

i n v e s t i g a t i o n ,  b o t h  t e m p e r a t u r e  and p r e s s u r e  were used  t o  

t e s t  t h e  r e c o r d s  o f  a l l  one h un d red  f i f t y - o n e  s t a t i o n s .

D i s c r i m i n a n t  A n a l y s i s

D i s c r i m i n a n t  a n a l y s i s  i s  a  m u l t i v a r i a t e  t e c h n i q u e  

u se d  t o  t e s t  t h e  h y p o t h e s i s  t h a t  f o r  e a c h  s t a t i o n ,  t h e  y e a r s  

i n  t h e  z o n a l  g roup  and t h o s e  i n  t h e  m e r i d i o n a l  g ro u p  co u ld
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be  a c c u r a t e l y  d i s c r i m i n a t e d  b a s e d  on t h e  a p p r o p r i a t e  

c l i m a t i c  d a t a .  From t h e  r e s u l t s  o f  t h e  t e s t ,  t h e  most d i s ­

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

d i s c r i m i n a n t  model was com puted ,  and t h e  a c c u r a c y  o f  t h e  

m odel  was d e t e r m i n e d .  Maps o f  t h e  most  d i s c r i m i n a t i n g  v a r i ­

a b l e ,  s i g n i f i c a n c e  o f  t h e  model ,  and t h e  a c c u r a c y  o f  t h e  

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

t e r n s  were a n a l y z e d .  Some exam p le s  were g iv e n  d e m o n s t r a t i n g  

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

c u r r e n t  c l i m a t i c  d a t a .

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

a g i v e n  s t a t i o n  were b ro k e n  down i n t o  two d i s t i n c t i v e  

g r o u p s ,  one z o n a l  and  t h e  o t h e r  m e r i d i o n a l .  The d i s c r i m i ­

n a n t  a n a l y s i s  assumed t h a t  t h e s e  were n o n o v e r l a p p i n g ,  d i s ­

t i n c t i v e  g r o u p s .  The g o a l  i n  d e r i v i n g  t h e  d i s c r i m i n a n t  

f u n c t i o n  was t o  maximize t h e  r a t i o  of  th e  d i s t a n c e  be tween  

s a m p le  means and  t h e  s t a n d a r d  e r r o r  w i t h i n  t h e  means. The 

d i s c r i m i n a n t  f u n c t i o n  was:

Ï  = b ( l ) z ( 1 )  + . . . + b ( p ) z ( p )

The v a l u e s  f o r  t h e  b c o e f f i c i e n t s  on each  v a r i a b l e  x were 

d e r i v e d  u s i n g  t h e  l e a s t  s q u a r e s  t e c h n i q u e .

I n  t h i s  s t u d y  where c l i m a t i c  v a r i a b l e s  were used  a s  

d i s c r i m i n a t i n g ,  v a r i a b l e s ,  t h e  number o f  v a r i a b l e s  n e c e s s a r y  

t o  p r o d u c e  an a c c u r a t e  d i s c r i m i n a t i o n  was o f t e n  f a r  l e s s  

t h a n  t h e  t o t a l  number o f  o r i g i n a l  v a r i a b l e s .  A s t e p w i s e  

d i s c r i m i n a n t  a n a l y s i s  t e c h n i q u e  was t h e r e f o r e  u s e d  where t h e
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" b e s t  v a r i a b l e "  was p i c k e d  from t h e  s e t ,  aad  u s i n g  i t  a l o n e ,  

t h e  s i g n i f i c a n c e  and a c c u r a c y  o f  t h e  model were com puted .  

The " n e x t  b e s t  v a r i a b l e "  was t h a n  e n t e r e d  i n t o  t h e  e q u a t i o n  

i n  c o m b i n a t i o n  w i th  t h e  f i r s t .  T h i s  p r o c e s s  c o n t i n u e d  u n t i l  

a l l  v a r i a b l e s  were e n t e r e d  o r  u n t i l  no im provem ent  i n  t h e  

d i s c r i m i n a t i o n  was made by a d d in g  a d d i t i o n a l  v a r i a b l e s .  

T h i s  p r o c e d u r e  p roduced  an e f f i c i e n t  model  w i th  o n l y  a s  many 

v a r i a b l e s  i n c l u d e d  a s  were n e ed e d  t o  y i e l d  maximum d i s c r i m i ­

n a t i o n ,  Each y e a r  was t h e n  r e c l a s s i f i e d  i n t o  e i t h e r  t h e  

z o n a l  o r  m e r i d i o n a l  g ro u p  b a sed  on t h e  optimum d i s c r i m i n a n t  

m o d e l ,  and a measure  o f  a c c u r a c y  was c a l c u l a t e d .  Fo r  a f u r ­

t h e r  d i s c u s s i o n  on d i s c r i m i n a n t  a n a l y s i s ,  s e e  King (1969) ,

T r e n d - S u r f a c e  A n a l y s i s  

Throughou t  t h i s  i n v e s t i g a t i o n ,  a number o f  i s o p l e t h  

n a p s  were g e n e r a t e d  d i s p l a y i n g  t h e  s p a t i a l  p a t t e r n  o f  ch an ge  

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

c r i m i n a n t  m ode ls .  At  eac h  s t a t i o n  l o c a t i o n ,  a number o f  

l o c a l  f a c t o r s  may have  i n f l u e n c e d  t h e  r e s u l t i n g  v a l u e s  f o r  

any  t y p e  o f  m e a su re ,  t h u s  i n t r o d u c i n g  random v a r i a t i o n s ,  o r  

" n o i s e "  i n t o  t h e  p a t t e r n .  I n  t h a t  t h e  maps were  c o n s t r u c t e d  

t o  convey  g e n e r a l  s p a t i a l  p a t t e r n s  i n  t h e s e  d a t a ,  some t y p e  

o f  f i l t e r i n g  p r o c e d u r e  was r e q u i r e d  t o  e l i m i n a t e  " n o i s e "  and 

i s o l a t e  t h e  more i m p o r t a n t  " s i g n a l "  o r  u n d e r l y i n g  s t r u c t u r e  

i n  t h e  d a t a .  Such a t e c h n i q u e  i s  t r e n d - s u r f a c e  a n a l y s i s ,  

w here  some g iv e n  d a t a  ( z - v a l u e s )  a r e  s t a t i s t i c a l l y  d e r i v e d  

f rom t h e i r  x and y p o s i t i o n  i n  s p a c e ,  H a g g e t t  and  C h o r le y
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(1968:196)  s t a t e d  .  . t r e n d - s a r f a c e  mapping r e p r e s e n t s  an 

a t t e m p t  t o  b u i l d  up some g e n e r a l i z e d  p i c t u r e  o f  a r e a l  v a r i a ­

b i l i t y  i n  o r d e r  t o  t e s t  some p r o c e s s - r e s p o n s e  m o d e l . "

The c o n s t r u c t i o n  o f  t h e  t r e n d - s u r f a c e  f i t t i n g  may be  

c a r r i e d  o u t  a number o f  ways, b u t  t h e  " f i t t e d - r e g r e s s i o n "  

method was v iewed a s  most  d e s i r a b l e  f o r  g e o g r a p h i c a l  p ro b ­

lem s (H agg e t t  and C h o r l e y ,  1 9 6 8 ) .  Given an  x - v a l u e  and a 

y - v a l u e  f o r  t h e  l o c a t i o n s  o f  t h e  s t a t i o n s  f o r  which t h e  

z - v a l u e s  were r e p r e s e n t a t i v e ,  m u l t i p l e  r e g r e s s i o n  e q u a t i o n s  

were p r o d u c e d .  The r e l a t i o n s h i p  can  b e  a l i n e a r  one i n  t h e  

fo rm :

2  = a + bx + cy

where  a ,  b ,  and  c  were  c o e f f i c i e n t s  from t h e  r e g r e s s i o n  

a n a l y s i s .  T h i s  l i n e a r  e q u a t i o n  would p roduce  a  f l a t  p l a n a r  

s u r f a c e  which c o u ld  be " t i l t e d "  i n  s p a c e .  I n  many c a s e s ,  

h i g h e r  o r d e r  t r e n d  f i t t i n g s  would p ro d u ce  a b e t t e r  f i t ,  

where  t h e  t o t a l  e x p l a i n e d  v a r i a n c e  (a m u l t i p l e  R squ a red )  

i n c r e a s e d ,  A s e c o n d - o r d e r  p o l y n o m i a l  i n  two d im e n s io n s  

would be  i n  a  f o r a :

2 2 z = a + bx + cy + dx“ +  exy + fy

where a ,  b ,  . ,  . ,  f  were p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s .

The s u r f a c e  formed by t h e  s e c o n d - o r d e r  p o ly n o m ia l  would be a 

p a r a b o l o i d ,  w i th  o n ly  one r i d g e  o r  v a l l e y .  H ighe r  o r d e r  

f i t t i n g s  p ro d u ce  g r e a t e r  numbers o f  i n f l e c t i o n s  on t h e  s u r ­

f a c e ,  and  g e n e r a l l y  form a b e t t e r  f i t ,  b u t  t h e  number o f
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t e r n s  n e c e s s a r y  t o  p ro d uce  h i g h e r  o r d e r  maps i n c r e a s e s  

e x p o n e n t i a l l y .  From t h e  t r e n d - s u r f a c e  f i t t i n g ,  r e s i d u a l s  

r e p r e s e n t i n g  t h e  d i f f e r e n c e  b e tw een  a c t u a l  z - v a l u e s  and c a l ­

c u l a t e d  t r e n d - s u r f a c e  z - v a l u e s  can  be d e t e r m i n e d .  S p a t i a l  

p a t t e r n s  i n  r e s i d u a l s  may i n d i c a t e  t h e  e x i s t e n c e  o f  l o c a l  

i n f l u e n c e s  c r e a t i n g  homogeneous d e v i a t i o n s  f rom  t h e  g e n e r a l  

p a t t e r n .

One o f  t h e  p ro b lem s  i n  u s i n g  t r e n d - s u r f a c e  a n a l y s i s  

was i n  t h e  d e t e r m i n a t i o n  o f  t h e  l e v e l  a t  which t h e  f i t  was 

t o  be a c c e p t e d .  Lower o r d e r  f i t t i n g s  o f t e n  u n c o v e r  t h e  v e r y  

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

e x p l a i n e d  by su c h  a s u r f a c e  may be u n a c c e p t a b l e  low .  H ig he r  

o r d e r  f i t t i n g s  may b e g i n  t o  i n c o r p o r a t e  unwanted  " n o i s e " ,  

and  t h u s  may d e s t r o y  t h e  j u s t i f i c a t i o n  f o r  u s i n g  t h e  t e c h n i ­

q u e .  E x p e r im e n t in g  w i th  t h e  t e c h n i q u e  showed t h a t  e x p l a i n e d  

v a r i a n c e  added by i n c r e a s i n g  t o  t h e  n e x t  o r d e r  f a l l s  o f f  

s h a r p l y  a f t e r  a p p r o x i m a t e l y  t h e  f o o r t h - c r d e r  f i t ;  and by t h e  

s i x t h  o r d e r ,  t h e  f i t t i n g  e x p l a i n e d  a good amount o f  v a r i ­

a n c e ,  w i th  l o c a l  " n o i s e "  s t i l l  a p p a r e n t l y  a b s e n t .  T here ­

f o r e ,  n e a r l y  a l l  t h e  f i t t i n g s  were s i x t h - o r d e r ,  l e a v i n g  

sm oothed  p a t t e r n s  where g e n e r a l  s p a t i a l  t r e n d s  were i d e n t i ­

f i a b l e ,

P r i n c i p l e - C o a p o n e n t s  F a c t o r  A n a l y s i s

I n  many o f  t h e  a n a l y s e s  u sed  i n  t h i s  s t u d y ,  a l a r g e  

number o f  i n t e r r e l a t e d  v a r i a b l e s  were u se d .  To u n c o v e r  t h e  

u n d e r l y i n g  s t r u c t u r e  o f  t h e  v a r i a b l e s ,  a
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p r i n c i p l e - c o n p o n e n t s  f a c t o r  a n a l y s i s  was a p p l i e d .  A c co rd in g  

t o  Suofflel (1970:3)  , f a c t o r  a n a l y s i s  " d i s e n t a n g l e s  complex 

i n t e r r e l a t i o n s h i p s  among t h e  phenomena i n t o  f u n c t i o n a l  u n i ­

t i e s  o r  s e p a r a t e  o r  i n d e p e n d e n t  p a t t e r n s  o f  b e h a v i o r  and 

i d e n t i f i e s  t h e  i n d e p e n d e n t  i n f l u e n c e  o r  c a u s e s  a t  w ork ."  

U s ing  t h i s  t e c h n i q u e ,  l a r g e  m a t r i c e s  c o n t a i n i n g  many v a r i a ­

b l e s  c a n  be c o n d e n se d  i n t o  j u s t  a f e v  s i g n i f i c a n t ,  i n t e r ­

p r e t a b l e  f a c t o r s ,  o f t e n  a c c o u n t i n g  f o r  most o f  t h e  v a r i a n c e  

i n  t h e  o r i g i n a l  m a t r i x .  The r e s u l t i n g  f a c t o r s  a r e  o r t h o g o ­

n a l ,  ■ making them i d e a l  f o r  use  i n  a v a r i e t y  o f  o t h e r  m u l t i ­

v a r i a t e  t e c h n i q u e s .

One o f  t h e  f i r s t  p ro b le m s  e n c o u n t e r e d  when u s i n g  

f a c t o r  a n a l y s i s  was i n  t h e  s e l e c t i o n  o f  t h e  most  a p p r o p r i a t e  

f a c t o r  a n a l y s i s  m odel .  The two most  f r e q u e n t l y  used  models 

a r e  common f a c t o r  a n a l y s i s  and p r i n c i p l e - c o m p o n e n t s  f a c t o r  

a n a l y s i s  (Eummel, 1970)•  The e s s e n t i a l  d i f f e r e n c e  between 

t h e  two l i e s  i n  t h e  a s s u m p t io n  r e g a r d i n g  t h e  amount o f  v a r i ­

a t i o n  o f  t h e  p o p u l a t i o n  e x p l a i n e d  by t h e  ch o sen  s e t  o f  v a r i ­

a b l e s .  The common f a c t o r  model a s su m e s  t h a t  o n l y  p a r t  o f  

t h e  v a r i a t i o n  i n  t h e  p o p u l a t i o n  i s  e x p l a i n e d  by t h e  s e l e c t e d  

v a r i a b l e s ,  b r e a k i n g  t h e  v a r i a n c e  o f  each  i n t o  un ique  and 

common p a r t s .  The p r i n c i p l e - c o m p o n e n t s  model a ssum es  t h a t  

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

m a t r i x ,  w i th  no a s s u m p t io n s  a b o u t  common o r  u n iq u e  p a r t s .  

I n  t h i s  i n v e s t i g a t i o n ,  t h e  f a c t o r  a n a l y s e s  were  n o t  used t o  

d i r e c t l y  u n c o v e r  d i m e n s i o n s  o f  common v a r i a n c e ,  b u t  were 

u se d  t o  d e f i n e  t h e  u n d e r l y i n g  p a t t e r n s  i n  t h e  t o t a l  v a r i a n c e
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i n  t h e  d a t a .  The p r i n c i p l e - c o m p o n e n t s  model was used  t o  

u n c o v e r  what Eummel (1970:112)  r e f e r r e d  t o  a s  t h e  " b a s i s  

d i m e n s i o n s  o f  t h e  d a t a . "  Eummel (1970:112)  a l s o  a d m i t t e d  

t h a t  " o f t e n  t h e  r e s u l t s  o f  com ponen t  a n a l y s i s  and common 

f a c t o r  a n a l y s i s  a r e  g u i t e  s i m i l a r . ”

B a s i c a l l y ,  t h e  p r i n c i p l e - c o m p o n e n t s  model f i r s t  c a l ­

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

i n t e r c o r r e l a t i o n  w i t h i n  t h e  v a r i a b l e s ,  k e e p i n g  v a l u e s  o f  

1 .0 0  i n  t h e  d i a g o n a l .  The p ro b le m  t h e n  became one o f  i s o ­

l a t i n g  v e c t o r s  which sum m arized  t h e  v a r i a t i o n s  fo u n d  i n  t h e  

i n t e r c o r r e l a t i o n  m a t r i x .  C o n c e p t u a l l y ,  i t  was p o s s i b l e  t o  

l o c a t e ,  i n  n - s p a c e ,  where n was t h e  number o f  v a r i a b l e s ,  

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

e v e r y  o t h e r  v a r i a b l e .  A " b e s t - f i t "  v e c t o r  p a s s i n g  t h r o u g h  

t h e  o r i g i n  was t h e n  c a l c u l a t e d  w hich  a c c o u n te d  f o r  t h e  

g r e a t e s t  amount o f  v a r i a n c e  i n  t h e  c o r r e l a t i o n  m a t r i x .  T h i s  

v e c t o r  i s  c a l l e d  t h e  " p r i m a r y  com po n en t"  o r  t h e  " f i r s t  f a c ­

t o r . "  The d e g r e e  o f  a s s o c i a t i o n  b e tw een  e a c h  v a r i a b l e  and  

t h e  f i r s t  f a c t o r  was c a l c u l a t e d  by  t a k i n g  t h e  c o s i n e  of  t h e  

a n g l e  be tw een  t h e  f i r s t  f a c t o r  an d  th e  v e c t o r  r u n n i n g  

t h r o u g h  t h e  o r i g i n  p a s s i n g  t h r o u g h  t h e  l o c a t i o n ,  i n  n - s p a c e ,  

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

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

v a r i a b l e ' s  a n g l e  a r e  c a l l e d  f a c t o r  l o a d i n g s ,  and i f  s q u a r e d ,  

i n d i c a t e  t h e  amount o f  v a r i a n c e  i n  t h e  v a r i a b l e  a c c o u n te d  

f o r  by t h e  f a c t o r .  The sum o f  t h e s e  s q u a r e s ,  c a l l e d  t h e  

e i g e n v a l u e ,  r e p r e s e n t e d  t h e  amount  o f  t o t a l  v a r i a t i o n  in  t h e
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d a t a  s e t  a c c o u n te d  f o r  by  t h e  f i r s t  f a c t o r .

A se c o n d  f a c t o r  was t h e n  f i t t e d  t o  t h e  d a t a  which 

was o r t h o g o n a l  ( a t  n i n e t y  d e g r e e s )  t o  t h e  f i r s t  p r i n c i p l e -  

c o m p o n e n t .  L o a d in g s  and  e i g e n v a l u e s  were c a l c u l a t e d  i n  t h e  

same manner d e s c r i b e d  above  f o r  t h e  f i r s t  f a c t o r .  A t h i r d  

f a c t o r ,  o r t h o g o n a l  t o  t h e  f i r s t  tw o ,  was th en  fo r m e d ,  t h e n  a 

f o u r t h ,  and s o  on u n t i l  n -num ber  o f  f a c t o r s  were fo rm ed .

The l a s t  f a c t o r s  fo rm ed n o r m a l ly  a c c o u n te d  f o r  v e r y

s m a l l ,  t r i v i a l  p o r t i o n s  o f  t h e  t o t a l  v a r i a n c e .  Those f a c ­

t o r s  a c c o u n t i n g  f o r  s i g n i f i c a n t  am oun ts  o f  v a r i a n c e  t h e r e ­

f o r e  r e d u c e d  t h e  number o f  c l i m a t i c  e l e m e n t s .  The p o i n t  a t  

which a f a c t o r  was no l o n g e r  c o n s i d e r e d  s i g n i f i c a n t  was

d e t e r m i n e d  by t h e  e i g e n v a l u e .  I f  t h e  e i g e n v a l u e  was l e s s

t h a n  o n e ,  i n d i c a t i n g  t h a t  l e s s  t h a n  one  v a r i a b l e ' s  v a r i a n c e  

was a c c o u n te d  f o r  by t h e  f a c t o r ,  t h e  v a r i a n c e  was c o n s i d e r e d  

t r i v i a l ,  and t h e  f a c t o r  was n o t  used  i n  f u r t h e r  c o m p u t a t i o n s  

( ï e a t e s ,  1 9 7 4 :2 2 1 ) .  To i n t e r p r e t  t h e s e  f a c t o r s ,  t h e  f a c t o r  

a x e s  were  r o t a t e d  i n  such  a way t h a t  t h e  f a c t o r s  p a s s  

d i r e c t l y  t h r o u g h  c l u s t e r s  i n  t h e  v e c t o r  s p a c e .  T h is  p r o c e ­

d u r e  i n c r e a s e d  t h e  f a c t o r  l o a d i n g s  on some v a r i a b l e s ,  a l l o w ­

i n g  f o r  a b e t t e r  i n t e r p r e t a t i o n  o f  t h e  f a c t o r s .  F a c t o r  

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

t o r  s o l u t i o n ,  were g e n e r a t e d  by m u l t i p l y i n g  t h e  o r i g i n a l  

s t a n d a r d i z e d  m a t r i x  fay t h e  l o a d i n g s  f o r  each  f a c t o r ;

21 = S

where  Z was t h e  s t a n d a r d i z e d  m a t r i x  o f  n o b s e r v a t i o n s  and m
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v a r i a b l e s ,  1 was t h e  l o a d i n g s  m a t r i x  w i th  p components  o r  

f a c t o r s  and  m v a r i a b l e s ,  and S was t h e  m a t r i x  o f  f a c t o r  

s c o r e s  w i th  n o b s e r v a t i o n s  and  p components  o r  f a c t o r s  ( s e e  

Teat e s ,  1974 and Hummel, 1970 f o r  f u r t h e r  d i s c u s s i o n ) .

N u m er ica l  Taxomony -  C l u s t e r  A n a l y s i s

In  two s e c t i o n s  o f  t h i s  s t u d y ,  a method was r e q u i r e d  

t o  g ro u p  s t a t i o n s  i n t o  d i s t i n c t i v e  c l i m a t i c  r e g i o n s .  C l a s ­

s i f i c a t i o n  h a s  b e e n  a  m ajor  e m p h a s i s  i n  c l i m a t o l o g y  w i th  

l a n d m a rk  works p u b l i s h e d  by Koppen ( f o r  a r e v i e w ,  s e e  i i l -  

c o c k ,  1968) and T h o r n th w a i t e  (1 9 4 3 ) .  In  r e c e n t  y e a r s ,  some 

a t t e m p t s  have  been  made to w a r d s  t h e  d e v e lo p m en t  o f  g e n e r i c  

c l a s s i f i c a t i o n  s y s t e m s  which a v o id e d  p ro b lem s  o f  t h e  b e t t e r  

known Koppen and T h o r n th w a i t e  s y s t e m s .  Some o f  t h e s e  p rob ­

lem s  were p r e s e n t e d  by T h o r n t h w a i t e  (1943) and Hare (1951) 

e a r l i e r  i n  t h i s  c e n t u r y .  McBoyle (1971) showed t h a t  t h e  

c o m b i n a t i o n  o f  f a c t o r  a n a l y s i s  and c l u s t e r  a n a l y s i s  c o u ld  

p r o d u c e  m e a n in g f u l  c l i m a t i c  r e g i o n s .  T h is  sy s tem  had t h e  

a d v a n t a g e  o f  b e in g  b ased  upon c l i m a t i c  d a ta  a l o n e ,  and t h e  

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

where  t h e  c l i m a t e  changed  most  r a p i d l y .

T h i s  same t y p e  o f  p r o c e d u r e ,  u s in g  f a c t o r  a n a l y s i s  

and c l u s t e r  a n a l y s i s ,  was s e l e c t e d  f o r  use  i n  t h i s  s t u d y  a s  

t h e  t y p e  o f  d a t a  i n  u s e ,  o n ly  w i n t e r  d a t a ,  were n o t  r e a d i l y  

a p p l i c a b l e  t o  t h e  Koppen and T h o r n th w a i t e  s y s t e m s .  Numeri­

c a l  c l a s s i f i c a t i o n  u s i n g  t h e s e  t e c h n i q u e s  p ro d u ce d  r e g i o n s  

b a s e d  upon a t m o s p h e r i c  v a r i a b l e s ,  r a t h e r  t h a n  on how t h e s e
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v a r i a b l e s  a f f e c t e d  seme o t h e r  phenomeaa .  The sy s te m  a l s o  

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

i n c r e a s e s  and d e c r e a s e s  i n  t h e  number o f  r e g i o n s ,  w i th  r e l a ­

t i v e  e a s e .  I m p o r t a n t l y ,  i t  p r o v i d e d  a c o n s i s t e n t  sy s te m  f o r  

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

The c l u s t e r  a n a l y s i s  i n  u se  came from t h e  f i e l d  o f

n u m e r i c a l  taxonomy. S n e a th  and S o k a l  (1973:4)  d e f i n e d

n u m e r i c a l  taxonomy a s  " t h e  g ro u p in g  fay n u m e r i c a l  methods o f  

t a x o n o m ic  u n i t s  i n t o  t a x a  on t h e  b a s i s  of  t h e i r  c h a r a c t e r  

s t a t e s . "  B a s i c a l l y ,  t a x o n o m i c a l  t e c h n i q u e s  g ro u p  u n i t s ,  i n  

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

o f  s i m i l a r i t y .  a number o f  schem es  have  been  d e v e lo p e d  f o r  

t a x o n o m i c a l  p r o b le m s ,  f o r  s i m i l a r i t y ,  i n  m u l t i d i m e n s i o n a l  

s p a c e ,  can be d e f i n e d  many ways.

The t y p e  used  i n  t h i s  i n v e s t i g a t i o n  was an

u n w e ig h te d  a v e r a g e  l i n k a g e  c l u s t e r i n g  where t h e  d i s t a n c e

be tw een  s t a t i o n s  was c a l c u l a t e d  by a E u c l i d e a n  d i s t a n c e  f o r ­

mula e x te n d e d  i n t o  n - d im e n s io n s  where:

D = J[a(l)-a(2)]^ + [b(l)-b(2)]^ + . . . + Cn(l)-n(2)]^

where D was t h e  d i s t a n c e  computed by E u c l i d e a n  d i s t a n c e ,  a ,  

b ,  c ,  . .  . , n r e p r e s e n t e d  t h e  v a r i a b l e s  i n  u se  f rom s t a ­

t i o n  1 and 2 .  I n  t h a t  t h e  E u c l i d e a n  fo rm u la  i s  b a s e d  on 

o r t h o g o n a l  a x e s ,  a l l  d a t a  were  t r a n s f o r m e d  by p r i n c i p l e - c o m -  

p o n e n t s  f a c t o r  a n a l y s i s  so  t h a t  t h e  a x e s  became o r t h o g o n a l .  

A l l  d a t a  were s t a n d a r d i z e d  b e f o r e  e n t e r i n g  t h e  model so a s  

t o  n o t  w e ig h t  any one  v a r i a b l e  a c c o r d i n g  t o  i t s  measurement
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u n i t s .  Once two s t a t i o n s  ware g r o u p e d ,  t h e  c e n t r o i d  i n  

n - s p a c e ,  became t h e  p o i n t  compared t o  ungrouped  s t a t i o n s ,  o r  

t o  computed c e n t r o i d s  f rom o t h e r  g r o u p s .  T h is  scheme was 

s e e n  a s  d e s i r a b l e  faj S n e a th  and S o k a l  (1971:228)  a s  i t  

sm oothed  e x t r e m e  v a l u e s  which d i s t o r t  c a l c u l a t i o n s  i n  o t h e r  

f o r m s  o f  n u m e r i c a l  taxonomy.

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

t i o n s  r e s u l t e d  i n  t h e  c r e a t i o n  o f  a phencgram d i s p l a y i n g  t h e  

l i n k a g e s  be tw een  t h e  s t a t i o n s .  The d i s t a n c e  l e v e l  r e p r e ­

s e n t e d  t h e  d i s t a n c e  i n  n - s p a c e  b e tw e e n  t h e  s t a t i o n s  o r  

g r o u p s  o f  s t a t i o n s .  The d i f f i c u l t  q u e s t i o n  t h e n  became, a t  

what d i s t a n c e  l e v e l  s h o u l d  t h e  c l u s t e r s  he d i v i d e d .  A l e v e l  

t o o  low p ro d u ce d  t o o  many g r o u p i n g s  and r e s u l t i n g  r e g i o n s ,  a 

d i s t a n c e  l e v e l  t o o  h ig h  p ro du ced  f a r  too  few r e g i o n s  f o r  

a d e q u a t e  d i f f e r e n t i a t i o n .  Hoel  (1960 :9 )  s u g g e s t e d  t h a t  w i th  

more t h a n  one hund red  s t a t i o n s ,  be tw een  t e n  and tw e n ty  

c l a s s e s  were d e s i r a b l e .  T h e r e f o r e ,  phencn  l i n e s ,  d e f i n e d  a s  

l i n e s  o f  e q u a l  d i s t a n c e  l e v e l ,  must be  p a s s e d  th r o u g h  t h e  

l i n k a g e  t r e e  d i v i d i n g  t h e  g r o u p i n g s  i n  a c o n s i s t e n t ,  u n i fo rm  

f a s h i o n ,  c r e a t i n g  f ro m  t e n  t o  t w e n ty  c l u s t e r s .  T h is  o b j e c ­

t i v e l y  formed t h e  g r o u p s ,  w i t h o u t  b i a s  from t h e  i n v e s t i g a ­

t o r .  Each o f  t h e s e  c o n c e p t s  a r e  i l l u s t r a t e d  i n  a sam ple  

phenogram i n  F i g u r e  3 .

A c o p h e n e t i c  c o r r e l a t i o n  was c a l c u l a t e d  f o r  e a c h  

phenogram i n  t h e  s t u d y  a s  a t e s t  f o r  d i s t o r t i o n  on t h e  phe ­

nogram. T h i s  m easure  was a  c o r r e l a t i o n  c o e f f i c i e n t  be tween 

a c t u a l  d i s t a n c e s  i n  n - s p a c e  and i m p l i e d  d i s t a n c e s  on t h e
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p henogram .  F o r  e x am p le ,  u s in g  F i g u r e  3 ,  one c o u l d  c a l c u l a t e  

t h e  a c t u a l  d i s t a n c e  f rom  s t a t i o n  Z t o  s t a t i o n  B o r  C; t h e  

i m p l i e d  d i s t a n c e  on t h e  phenogram b e tw e e n  s t a t i o n  E and s t a ­

t i o n  B o r  C was h .O .  I f  t h e  c o r r e l a t i o n  b e tw een  i m p l i e d  and 

a c t u a l  d i s t a n c e s  .be tween s t a t i o n s  was 1 . 0 0 ,  t h e n  no d i s t o r ­

t i o n  e x i s t e d ,  s m a l l e r  c o p h e n e t i c  c o r r e l a t i o n s  i n d i c a t e d  

g r e a t e r  am ounts  o f  d i s t o r t i o n .

Shape A n a l y s i s  

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

i c a n t l y  c h an g e  s h a p e  i n  a s s o c i a t i o n  w i t h  a change  i n  t h e  

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

c a s e  c l i m a t i c  r e g i o n s ,  were exam ined .  H a g g e t t  and C h o r ley  

( 1 9 6 9 :7 0 -7 4 )  d e s c r i b e d  t h e  m easu re s  o f  s h a p e  p r e v i o u s l y  

employed  i n  g e o g r a p h i c a l  r e s e a r c h .  a c s t  o f  th e  e q u a t i o n s  

g i v e n  u s e d  a r e a ,  p e r i m e t e r ,  and a s e r i e s  o f  a x e s  t o  d e s c r i b e  

t h e  b a s i s  c h a r a c t e r i s t i c s  o f  sh a p e  f o r  c e l l s .  A l l  o f  t h e  

m e a s u r e s  d e s c r i b e d  s h a p e  w i t h o u t  r e g a r d  t o  o r i e n t a t i o n ,  a 

key  f a c t o r  i n  a p p l i c a t i o n  to  t h i s  p ro b lem .  The h y p o t h e s i s  

h e r e  was t o  t e s t  w h e th e r  o r  n o t  c l i m a t i c  r e g i o n s  were e l o n ­

g a t e d  i n  a w e s t - e a s t  d i r e c t i o n  d u r i n g  t h e  z o n a l  p e r i o d ,  and 

t h a t  t h e  s h a p e s  s i g n i f i c a n t l y  chan ged  r e l a t i v e  t o  t h e  w e s t -  

e a s t  o r i e n t a t i o n .  I f  c l i m a t i c  r e g i o n s  would be e q u a l l y  

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

p e r i o d ,  t h e  m e a su re s  s u g g e s t e d  by H a g g e t t  and  C h o r le y  would 

d e m o n s t r a t e  no change  i n  s h a p e .  To overcome t h i s  p ro b lem ,  a
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r a t h e r  s i m p l e  f o r m u la  d e s c r i b i n g  s h a p e ,  S, o f  a r e g i o n  v a s  

em ployed :

S = A(H-S) /  A(E-i)

w here  A(N-S) and A(E-W) were t h e  m a jo r  a x e s  i n  t h e  n o r t h -  

s o u t h  and  v e s t - e a s t  d i r e c t i o n s .  I f  c l i m a t i c  r e g i o n s  became 

l e s s  e l o n g a t e d  i n  t h e  w e s t - e a s t  d i r e c t i o n  from t h e  z o n a l  t o  

m e r i d i o n a l  p e r i o d s ,  t h i s  sh ap e  m easure  would d e t e c t  t h e  

c h a n g e .
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Or i g i n a l  C l i m a t i c  Data  

A l l  h y p o t h e s e s  p r e s e n t e d  i n  t h i s  s t u d y  were e f f e c ­

t i v e l y  t e s t e d  on ly  w i th  a b a s e  o f  v a l i d  d a t a .  These d a t a  

s h o u l d  be homogeneous th r o u g h  b o t h  t im e  and s p a c e ,  minimiz­

i n g  p rob lem s  o f  u n i f o r m i t y  from one s t a t i o n  t o  t h e  n e x t .  

A l l  c l i m a t i c  e l e m e n t s  must be m easured  a t  e a c h  s e l e c t e d  s t a ­

t i o n  and gaps  i n  t h e  d a t a  must  be  m in im iz ed .  In  t h a t  t h e  

d a t a  used  i n  t h i s  s t u d y  ran g e d  i n  t im e  from December, 1939 

t o  F e b r u a r y ,  1965, s u b t l e  c h an g e s  i n  t h e  c o l l e c t i o n  and 

r e c o r d i n g  p r o c e d u r e  were n o t e d ,  and s t e p s  were t a k e n  t o  c o r ­

r e c t  f o r  any o f  t h e s e  c h a n g e s .

Three m easu re s  o f  c i r c u l a t i o n  were s e l e c t e d  from th e  

p u b l i s h e d  d a t a ;  p r e s s u r e ,  wind s p e e d ,  and wind d i r e c t i o n .  

F o r  b a r o m e t r i c  p r e s s u r e ,  t h e  s t a t i o n  p r e s s u r e ,  r e d u c e d  to  

t h e  mean f o r  e a c h  t w e n t y - f o u r  h o u r  p e r i o d ,  were a v e ra g e d  to  

y i e l d  an a v e r a g e  monthly  b a r o m e t r i c  p r e s s u r e ,  s t a t i o n  l e v e l
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p r e s s u r e  was u t i l i z e d  i n s t e a d  o f  r e d u c e d  s e a  l e v e l  p r e s s u r e  

f o r  two r e a s o n s .  F i r s t ,  t h e  p r e s s u r e  measure  was used i n  

t h e  hom ogene i ty  t e s t  which s o u g h t  t o  f i n d  t h e  s i g n i f i c a n c e  

i n  c h a n g e s  o f  t h e  a c t u a l  s t a t i o n  l o c a t i o n .  Reduced p r e s ­

s u r e s  would be  i n s e n s i t i v e  t o  c h a n g e s  i n  s i t e ,  and s t a t i o n  

l e v e l  p r e s s u r e s  would be e x t r e m e l y  s e n s i t i v e .  S econd ,  no 

s e a  l e v e l  p r e s s u r e s  were r e c o r d e d  f o r  J a n u a r y  and F e b r u a r y ,  

1943 .  The problem o f  d i f f e r i n g  b a s e  l e v e l  p r e s s u r e s  t h r o u g h  

s p a c e  was n o t  a f a c t o r ,  a s  t h i s  s t u d y  exam ined  c h an g e s  

t h r o u g h  t im e  i n  t h e  c l i m a t i c  e l e m e n t s .  The u n i t s  used to  

r e c o r d  b a r o m e t r i c  p r e s s u r e  were i n c h e s  o f  m ercury  t h r o u g h  

F e b r u a r y ,  1944, and m i l l i b a r s  f rom December ,  1944 th r o u g h  

F e b r u a r y ,  1965.

Average  m onth ly  wind speed  was computed from h o u r l y  

a v e r a g e  v e l o c i t i e s  from December, 1939 t h r o u g h  December,  

1964 ,  and was r e c o r d e d  i n  m i l e s  p e r  h o u r .  However, t h e  wind 

r e s u l t a n t  speed  was t h e  v a lu e  p u b l i s h e d  f o r  J a n u a r y  and Feb­

r u a r y ,  1965. T h i s  was t h e  v a l u e  c a l c u l a t e d  a s  t h e  l e n g t h  o f  

t h e  r e s u l t a n t  wind v e c t o r  o f  a l l  d a i l y  wind v e c t o r s .  The 

r e s u l t a n t  wind s p e e d s  were g e n e r a l l y  ve ry  low compared to  

a v e r a g e  wind s p e e d s ,  and were n o t  d i r e c t l y  c o m parab le  t o  

m e a su re s  o f  wind s p e e d .  Only i f  a l l  d a i l y  wind d i r e c t i o n s  

f o r  a month were e g u a l  would t h e  a v e r a g e  and r e s u l t a n t  wind 

s p e e d s  be e g u a l .

A v a r i e t y  o f  d i f f e r e n t  s c a l e s  were used  t o  r e c o r d  

wind d i r e c t i o n  v a l u e s  from 1939 t o  1965. From December,  

1939 t o  December,  1948,  a l l  p r e v a i l i n g  wind d i r e c t i o n s  were
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r e c o r d e d  by t h e  e i g h t  m ajo r  co m pass  p o i n t s  (N, NE, . . . , 

Ï ,  N i ) . From J a n u a r y ,  1949 t h r o u g h  December ,  1963 ,  t h e  p r e ­

v a i l i n g  wind d i r e c t i o n s  were r e c o r d e d  by t h e  s i x t e e n  compass  

p o i n t s  (N, NH£, NE, ENE, £ , . . . ,  N i ,  NNi) . B e g in n in g  i n  

J a n u a r y ,  1964,  t h e  wind d i r e c t i o n  v a l u e s  were n u m e r i c a l l y  

r e c o r d e d  i n  u n i t s  o f  t e n  d e g r e e s  (1, 2 ,  3 ,  4 ,  . .  • ,  35 ,

3 6 ) .  F i g u r e  4 d i s p l a y s  t h e  t y p e s  o f  u n i t s  u t i l i z e d  i n  

d e s c r i b i n g  p r e v a i l i n g  wind d i r e c t i o n s ,

à se co n d  component  o f  t h e  a tm o sp h e re  was h e a t  

e n e r g y .  Over t h e  l e n g t h  o f  t im e  o f  t h i s  s t u d y ,  s o l a r  r a d i a ­

t i o n  d a t a  were so s p a r s e  t h r o u g h  s p a c e  t h a t  a s u r r o g a t e ,  

a v e r a g e  m onth ly  t e m p e r a t u r e ,  was u se d .  Of a l l  t h e  e l e m e n t s  

i n c l u d e d  i n  t h i s  i n v e s t i g a t i o n ,  t e m p e r a t u r e  was t h e  most  

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

t h e  s t u d y  p e r i o d ,  a v e r a g e  m o n th ly  t e m p e r a t u r e  was r e c o r d e d  

i n  d e g r e e s  F a h r e n h e i t .

To e s t i m a t e  m o i s tu r e  i n  t h e  a tm o s p h e r e  o v e r  t i m e ,  

t h r e e  v a r i a b l e s  were u se d :  r e l a t i v e  h u m i d i t y ,  t o t a l  p r e c i p i ­

t a t i o n ,  and p r e c i p i t a t i o n  d a y s .  Mean r e l a t i v e  h u m id i ty  was 

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

p e r i o d .  T o t a l  p r e c i p i t a t i o n  was c o n s i s t e n t l y  g i v e n  i n  t o t a l  

i n c h e s  f o r  eac h  month; i f  o n l y  a t r a c e  was r e c o r d e d ,  t h e  

v a l u e  was assumed t o  be z e r o ,  snow amounts  were  m e l ted  t o  

y i e l d  c o m p a ra b le  v a l u e s  with  r a i n f a l l .  P r e c i p i t a t i o n  d a y s  

were a lw a y s  g i v e n  a s  t h e  number o f  d a y s  i n  each  month t h a t  a 

minimum o f  0 .01  i n c h e s  o f  p r e c i p i t a t i o n  was r e c o r d e d .

A l l  d a t a ,  e x a c t l y  a s  found  i n  t h e  p u b l i s h e d  r e c o r d s ,
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w ere punched  o n to  c o m p u te r  c a r d s ,  one  c a rd  f o r  eac h  month 

f o r  e a c h  s t a t i o n .  F o r  t h e  z o n a l  y e a r s  from 1939 to  1949, 

a l l  c i r c u l a t i o n ,  t e m p e r a t u r e ,  and m o is tu re  v a lu e s  were 

e n t e r e d .  From D ecem ber, 1949 t h r o u g h  F e b r u a r y ,  1955, o n ly  

t e m p e r a t u r e  was i n c l u d e d ,  a s  t h e s e  y e a r s  were o n ly  used i n  

some o f  t h e  h o m o g en e ity  t e s t s .  U sing  th e  same fo rm a t  u t i ­

l i z e d  i n  t h e  z o n a l  p e r i o d ,  a l l  v a r i a b l e s  were e n t e r e d  f o r  

th e  m e r i d io n a l  m onths e x te n d in g  from D ecem ber, 1955 th ro u g h  

F e b r u a r y ,  1965.

Enhanced O r i g i n a l  C l i m a t i c  Data

I n e v i t a b l y ,  t h e  u se  of p u b l i s h e d  c l i m a t i c  d a ta  l e d  

t o  t h e  p ro b lem s  o f  g a p s  i n  t h e  d a t a .  Shou ld  a s t a t i o n  be 

e l i m i n a t e d  i f  some e le m e n t  was n o t  r e c o r d e d  f o r  a month, o r  

even  i f  some e le m e n t  was c o n s i s t e n t l y  m is s in g  f o r  s e v e r a l  

y e a r s ?  w i t h in  some p r e d e te r m in e d  l i m i t s ,  t h e  answ er was no . 

The t r a d e o f f  h e re  was i n  l o s i n g  t h e  s p a t i a l  e x t e n t  o f  t h e  

n e tw o rk  t o  m a i n t a i n  d a ta  q u a l i t y .  I f  a s t a t i o n  was e l i m i ­

n a t e d  f o r  h a v in g  any  m is s in g  v a l u e s ,  t h e  s t a t i o n  ne tw ork  

w ould  l i t e r a l l y  be r e d u c e d  t o  z e r o ,  à com prom ise was o b v i ­

o u s l y  n e c e s s a r y .  I f  a  s t a t i o n  m is se d  more t h a n  two c o m p le te  

m onths o f  d a t a ,  o r  i f  no r e a s o n a b l e  e s t i m a t e  c o u ld  be made 

o f  t h e  m is s in g  v a l u e s ,  t h e  s t a t i o n  i n  q u e s t i o n  was e l i m i ­

n a t e d .

The e s t i m a t i o n  o f  t h e  m is s in g  v a l u e s  c o u ld  be 

a c h ie v e d  u s in g  a v a r i e t y  o f  m u l t i v a r i a t e  s t a t i s t i c a l  t e c h n i -
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g u e s .  Those t h a t  c o u ld  be u t i l i z e d  were r e s t r i c t e d  to  

s t a t i o n s  i n c l u d e d  i n  t h e  s tu d y  t o  p r o v id e  in d e p e n d e n t  v a r i a ­

b l e s  f o r  p r e d i c t i n g  m is s in g  v a l u e s .  S i t h i n  t h e  t im e  r a n g e  

o f  t h i s  s t u d y ,  t h e  number o f  r e c o r d i n g  s t a t i o n s  i n  t h e  c o t ­

e rm in o u s  U n i te d  S t a t e s  i n c r e a s e d  f o r t y - o n e  p e r  c e n t ,  from  

one hundred  n in e ty - tw o  i n  Decem ber, 1939 to  two h un d red  s e v ­

e n ty - o n e  i n  F e b r u a r y ,  1965. The number o f  n e a rb y  s t a t i o n s  

from  which an e s t i m a t i o n  c o u ld  be b a sed  i n c r e a s e d  w ith  t im e .  

By e x am in in g  t h e  r e l a t i o n s h i p  o f  a s t a t i o n  w ith  a m is s in g  

e le m e n t  w i th  o t h e r  n e a rb y  s t a t i o n s  d u r in g  months when d a t a  

w ere  r e c o r d e d ,  a r e a s o n a b l e  e s t i m a t e  co u ld  be i n t e r p o l a t e d .  

I n  t h e  z o n a l  p e r i o d ,  t h i r x y  m onths o f  d a t a  were r e c o r d e d  f o r  

t h e  one h u n d red  f i f t y - o n e  s t a t i o n s .  w ith se v e n  o r i g i n a l  

v a r i a b l e s ,  a  t o t a l  o f  31 ,710  m easurem ents  were r e g u i r e d  t o  

c o m p le te  t h e  s e t .  I n  a l l ,  two h u n d red  f i f t y - t h r e e  v a lu e s  

w ere m is s in g  (m ostly  r e l a t i v e  h u m id i ty  and wind d i r e c t i o n ) . 

T h is  r e g u i r e d  t h a t  0 .8  p e r  c e n t  o f  t h e  t o t a l  number o f  v a r i ­

a b l e s  were e s t i m a t e d  r a t h e r  t h a n  a c t u a l  p u b l i s h e d  d a t a .  I n  

t h e  t r a n s i t i o n a l  p e r io d  where o n ly  t e m p e r a tu r e  was r e g u i r e d  

f o r  e i g h t e e n  m onths , none o f  t h e  2 ,7 1 8  d a t a  v a lu e s  were 

m is s in g .  I n t e r e s t i n g l y ,  t h e  g u a l i t y  o f  t h e  d a t a  g e n e r a l l y  

d e c r e a s e d  w i th  t im e .  E x a c t ly  3 1 ,7 1 0  m e r id io n a l  d a t a  v a lu e s  

were r e g u i r e d ,  t h e  same number n eed ed  i n  t h e  z o n a l  s e t .  

However, 1 ,081 v a l u e s ,  m o s t ly  r e l a t i v e  h u m id i ty ,  wind s p e e d ,  

and  wind d i r e c t i o n  m easu rem en ts ,  were m is s in g ,  r e p r e s e n t i n g  

3.U p e r  c e n t  o f  t h e  t o t a l  n e e d e d .  I n  a l l ,  6 6 ,13 8  v a lu e s  

w ere  needed  f o r  a c o m p le te  o r i g i n a l  d a t a  s e t ;  1 ,334  o f  t h e s e

-  4 4  -



w ere i n t e r p o l a t e d  v a l u e s ,  c o m p r is in g  2 .0  p e r  c e n t  o f  t h e  

t o t a l .  T h is  v a lu e  was deemed s u f f i c i e n t l y  low f o r  t h e  p u r ­

p o s e s  o f  t h i s  i n v e s t i g a t i o n .

C r e a t io n  o f  t h e  en h an ced  o r i g i n a l  d a t a  s e t  went 

beyond  f i l l i n g  i n  m is s in g  g a p s .  Two e le m e n t s ,  b a r o m e t r i c  

p r e s s u r e  and wind d i r e c t i o n ,  were r e c o r d e d  i n  d i f f e r e n t  

u n i t s  th r o u g h  t h e  t im e  p e r i o d  u se d  i n  t h i s  s t u d y ,  a l l  b a ro ­

m e t r i c  p r e s s u r e s  r e c o r d e d  i n  i n c h e s  w ere  c o n v e r t e d  i n t o  m i l ­

l i b a r s  u s in g  t h e  c o n v e r s io n  fo rm u la ;

? (mb) = 3 3 .8 6 4 P ( in )

Only t h e  f o u r  s i g n i f i c a n t  d i g i t s  t h a t  r e s u l t e d  were r e c o r d e d  

i n t o  t h e  enh an ced  d a t a  s e t .

A l l  b u t  one y e a r  o f  th e  z o n a l  p e r io d  *s wind d i r e c ­

t i o n s  were c l a s s i f i e d  i n t o  e i g h t  com pass p o i n t s  and t h e  mer­

i d i o n a l  p e r i o d ' s  d i r e c t i o n s  were s p l i t  betw een s i x t e e n  and 

t h i r t y - s i x  p o i n t s .  Andrews e t  a l .  (1973) s t a t e d  t h a t  l i t ­

t l e  p r e c i s i o n  was l o s t  by c a t e g o r i z i n g  a v a r i a b l e  i n t o  a s  

few a s  f i v e  s u b c l a s s e s ;  t h e r e f o r e ,  a l l  wind d i r e c t i o n  d a ta  

w ere  r e d u c e d  t o  e i g h t  m ajo r com pass p o i n t s .  P ro b lem s d e v e l ­

oped  a s  v a lu e s  such  a s  HhE, EN£, ESE, , NNW f e l l

d i r e c t l y  on t h e  b o r d e r s  c r e a t e d  by d i v i d i n g  t h e  m easurem ents  

i n t o  e i g h t  m ajo r com pass p o i n t s .  The wind d i r e c t i o n  v a lu e s  

i n  t h e s e  c a s e s  were a s s i g n e d ,  ra n d o m ly ,  t o  one o f  t h e  b o r ­

d e r i n g  com pass d i r e c t i o n s .  Some e x a c t n e s s  was l o s t  by 

r e d u c in g  t h e  wind d i r e c t i o n  d a t a ,  b u t  u n i f o r m i t y  was 

a c h ie v e d  a c r o s s  th e  t im e  span  o f  th e  s t u d y .
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S e a s o n a l  Cl i m a t i c  D ata  

S e v e r a l  t e s t s  i n  t h i s  s t u d y  r e g u i r e d  d a t a  a t  t h e  

s e a s o n  t im e  s c a l e  r a t h e r  t h a n  by i n d i v i d u a l  m on ths . For 

b a r o m e t r i c  p r e s s u r e ,  t e m p e r a t u r e ,  r e l a t i v e  h u m id i ty ,  p r e c i p ­

i t a t i o n ,  p r e c i p i t a t i o n  d a y s ,  and  a v e ra g e  wind s p e e d ,  t h i s  

c a l c u l a t i o n  was r e l a t i v e l y  s i m p l e .  T ak in g  i n t o  a c c o u n t  t h a t  

December and J a n u a ry  have  t h i r t y - o n e  d a y s  and  F e b ru a ry  n o r ­

m a l ly  h a s  t w e n t y - e i g h t  d a y s ,  t h e  f o l lo w in g  fo rm u la  was 

a p p l i e d  to  w e ig h t  t h e  m onth ly  v a lu e s  a c c o rd in g  t o  days i n  

t h e  month:

V(S) = (31 /90) 7 {D) + (31 /90 ) 7 (J) ♦ (28 /90 ) 7(F)

w here  7 (S) was t h e  c r e a t e d  s e a s o n a l  v a l u e ,  7 (D) , 7 (J) ,  and

7 (F) were t h e  m onth ly  v a l u e s  f o r  December, J a n u a r y ,  and Feb­

r u a r y ,  and t h e  c o e f f i c i e n t s  31 /90  and 28 /90  were used  a s  t h e  

w e i g h t s .

M easurem ents c o n t a i n i n g  a wind d i r e c t i o n  v a lu e  

p ro v e d  more d i f f i c u l t  and  com plex  t o  h a n d le .  I n  t h a t  t h e  

s c a l e  u sed  t o  m easure  d i r e c t i o n  was c i r c u l a r  r a t h e r  t h a n  

l i n e a r ,  p rob lem s u s in g  norm al a v e r a g in g  p r o c e d u r e s  d e v e l ­

o p e d .  F o r e x a m p le ,  a  wind d i r e c t i o n  o f  359 d e g re e s  and one 

o f  1 d e g re e  o b v io u s ly  s h o u ld  n o t  a v e ra g e  t o  180 d e g r e e s .  

H ence, v e c t o r  r e p r e s e n t a t i o n s  o f  wind were u s e d .

To c a l c u l a t e  a s e a s o n a l  wind d i r e c t i o n  v a l u e ,  t h e  

e q u a t i o n s  s u g g e s te d  by P ano fsk y  and  B r i e r  (1958) w ere u s e d .  

The e a s t - w e s t ,  R ( x ) ,  com ponen t and t h e  n o r t h - s o u t h ,  R (y)
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co m p o n en ts  were c a l c u l a t e d  a s :

R{X) = [WS-ES+.707 {S8S+NSS)-.707 (SES+SES) ] /S

R (y) = [SS-N S+.707  (S8S+SSS)-.707(NES+N»S) ] /S

w here  NS was t h e  w e ig h te d  sum o f  a l l  wind s p e e d s  w i th  wind 

w i th  wind d i r e c t i o n  n o r t h ,  NES was th e  w e igh ted  sum f o r  t h e  

n o r t h e a s t  w in d s , . . . ,  and NSS was t h e  w e ig h te d  sum o f  a l l  

w ind  s p e e d s  w ith  wind d i r e c t i o n  n o r th w e s t ,  and  S was t h e  

t o t a l  num ber o f  o b s e r v a t i o n s ,  i n  t h i s  c a s e ,  t h r e e  f o r  eac h  

s e a s o n .  The r e s u l t a n t  wind d i r e c t i o n ,  BD(R) was c a l c u l a t e d :

HD(R) = A rc ta n  (R (x ) /R  (y) )

r e s u l t i n g  i n  a r e a l  v a lu e  f o r  r e s u l t a n t  wind d i r e c t i o n  f o r  

e a c h  s e a s o n  in  t h e  two s tu d y  p e r i o d s .  The v a lu e s  were 

r e c o r d e d  a c c o rd in g  t o  t h e s e  c a l c u l a t i o n s ,  and  were a l s o  

r e d u c e d  t o  e i g h t  com pass  p o i n t s  and  r e c o r d e d .

M easures  o f  t h e  n o r t h e r l y  and w e s t e r l y  com ponen ts  o f  

t h e  w in d , B (N) and  H (B) ,  were com puted  u s in g  f o rm u la s  su g ­

g e s t e d  by C o f f in  (1 9 6 4 ):

B(N) = vCos(«D(R))

B (l)  = -vS in (H D (R ))

w here  v was t h e  a v e ra g e  wind v e l o c i t y ,  and BD(E) was t h e  

r e s u l t a n t  wind d i r e c t i o n .  A n o th e r  wind speed  m ea su re ,  t h e  

r e s u l t a n t  wind s p e e d ,  was a l s o  i n c l u d e d .  T h is  sp e e d  was
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d e p e n d e n t  n o t  o n ly  on t h e  mean wind v e l o c i t i e s ,  b u t  a l s o  on 

t h e  p e r s i s t e n c e  o f  t h e  w ind . R e s u l t a n t  wind sp e e d  was c a l ­

c u l a t e d  a s :

W(RS) = n£ ( x)" + R(y)"

The a c t u a l  p e r s i s t e n c e  o f  t h e  w in d ,  PER, was c a l c u l a t e d  from  

t h e  r e s u l t a n t  wind sp e ed  m easu re  a s ;

PER = H{RS)/S(AVE)

where B (i?E ) was t h e  a v e ra g e  wind s p e e d  f o r  a s e a s o n .  The

v a l u e  o f  wind p e r s i s t e n c e  r a n g e s  from  0 .0  i n d i c a t i n g  an

a b s e n s e  o f  p e r s i s t e n c e  t o  1 .0  i n d i c a t i n g  t o t a l  p e r s i s t e n c e ,  

o r  an a b s o l u t e l y  c o n s t a n t  wind d i r e c t i o n  f o r  t h e  t h r e e  

m onths o f  t h e  s e a s o n .

I n  sum, t h e  s e a s o n a l  c l i m a t i c  d a t a  s e t  in c lu d e d

a v e r a g e s ,  a l l  w e ig h te d  by t h e  d a y s  i n  e a c h  m onth , f o r  b a r o ­

m e t r i c  p r e s s u r e ,  t e m p e r a t u r e ,  r e l a t i v e  h u m id i ty ,  p r e c i p i t a ­

t i o n ,  p r e c i p i t a t i o n  d a y s ,  and wind s p e e d .  More e l a b o r a t e  

c a l c u l a t i o n s  p ro d u ced  an a v e ra g e  wind d i r e c t i o n ,  n o r t h e r l y  

and w e s t e r l y  com ponents  o f  t h e  w ind , r e s u l t a n t  wind s p e e d ,  

and  s e a s o n a l  wind p e r s i s t e n c e .  The t e n  z o n a l  y e a r s  and t e n  

m e r i d io n a l  y e a r s  had a f u l l  com plem ent o f  d a t a ,  th e  s i x

t r a n s i t i o n a l  y e a r s  c o n ta in e d  o n ly  s e a s o n a l  t e m p e r a tu r e  v a l ­

u e s .
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C l i m a t i c  Change M a tr ix  

To d i s p l a y  c l i m a t i c  f l u c t u a t i o n  between t h e  two t im e  

p e r i o d s  o f  d i f f e r e n t  c i r c u l a t i o n ,  a c l i m a t i c  ch ange  m a t r ix  

was p ro d u c e d . W ith in  t h i s  m a t r i x ,  a l l  e le m e n ts  i n c lu d e d  i n  

t h e  s tu d y  were a s s ig n e d  a  s t a n d a r d i z e d  v a lu e  i n d i c a t i n g  t h e  

r e l a t i v e  amount o f  c h a n g e ,  o r  a d j u s t m e n t ,  t h a t  to o k  p la c e  in  

c o n j u n c t i o n  w ith  a chang e  i n  t h e  g e n e r a l  c i r c u l a t i o n .  F o r  

m ost o f  t h e  e le m e n t s ,  c a l c u l a t i o n  o f  th e  v a lu e  was r e l a ­

t i v e l y  s im p le ,  f o r  o t h e r s ,  t h e  c a l c u l a t i o n  was somewhat more 

com plex .

ï e a t e s  (1974) showed t h a t  a s t a n d a r d i z e d  v a lu e  r e p ­

r e s e n t i n g  t h e  d i f f e r e n c e  betw een  sam ple  means can  be accom­

p l i s h e d  by;

t  = [X(M)-X(Z)]/ >lsa!)^/N(M) + S(S)^/N(Z)

where X(M) and X(Z) r e p r e s e n t e d  t h e  m e r id io n a l  and z o n a l  

a r i t h m e t i c  means o f  some c l i m a t i c  e le m e n t ,  S(M) and S(Z) 

w ere  t h e  s t a n d a r d  d e v i a t i o n s  f o r  th e  sam p le ,  and N (B) and 

H(Z) were t h e  number o f  y e a r s  r e p r e s e n t e d  i n  t h e  sam p le .  

The S (M) and S (Z) v a lu e s  were t h e  s q u a r e  r o o t s  o f  t h e  v a r i ­

a n c e  V c a l c u l a t e d  a s :

V = -  (rx)^/N]/(N-i)

2
w here  t h e  SX was t h e  sum o f  th e  X s q u a r e s ,  EX was t h e  sum 

o f  t h e  X te rm s  ( th e  v a lu e s  o f  th e  c l i m a t i c  e le m e n ts )  ,  and N 

was th e  number o f  y e a r s  i n  t h e  sa m p le .

For t h e  f o l lo w in g  c l i m a t i c  e le m e n ts ,  b a r o m e t r i c
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p r e s s u r e »  t e m p e r a t u r e ,  r e l a t i v e  h u m id i ty ,  t o t a l  

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

w ere  c a r r i e d  o u t  w i th  t e n  z o n a l  y e a r s  and t e a  m e r id io n a l  

y e a r s .  A t - v a l u e  f o r  e a c h  e le m e n t  was d e r i v e d  and e n t e r e d  

i n t o  t h e  m a t r ix .

Only n i n e  m e r i d io n a l  y e a r s  c o u ld  be u se d  i n  t h e  c a l ­

c u l a t i o n  o f  change i n  t h e  wind m ea su re m e n ts ,  f o r  a v e ra g e  

wind sp eed  was n o t  r e c o r d e d  i n  t h e  l a s t  s e a s o n  o f  t h e  m er i­

d i o n a l  p e r i o d .  H ence, f o r  a v e r a g e  wind s p e e d ,  n o r t h e r l y  and 

w e s t e r l y  com ponen ts  o f  w ind, and f o r  t h e  r e s u l t a n t  wind 

s p e e d ,  t e n  z o n a l  y e a r s  were com pared t o  th e  f i r s t  n in e  m e r i ­

d i o n a l  y e a r s  t o  y i e l d  a t - s c o r e .

Two m ea su re s  i n  t h e  ch ange  i n  wind p e r s i s t e n c e  were 

i n c l u d e d  i n  t h e  ch ange  m a t r i x .  F o r  e a c h  y e a r  i n  t h e  s t u d y ,  

e x c e p t  f o r  t h e  l a s t  m e r i d io n a l  y e a r ,  a  wind p e r s i s t e n c e  

v a lu e  was c a l c u l a t e d  a s  d e s c r ib e d  i n  t h e  s e a s o n a l  d a ta  s e c ­

t i o n .  I t  was b a se d  on t h e  wind s p e e d s  and wind d i r e c t i o n s  

f o r  e a c h  month f o r  eac h  s e a s o n .  T h is  p e r s i s t e n c e  v a lu e  

b a s e d  on y e a r l y  v a lu e s  f i t  e a s i l y  i n t o  th e  t - s c o r e  c a l c u l a ­

t i o n s ,  and  by com p arin g  t h e  t e n  z o n a l  y e a r s  t o  n in e  m e r i ­

d i o n a l  y e a r s ,  a s t a n d a r d i z e d  c h an g e  i n  w i n t e r  wind p e r s i s t ­

e n c e  was d e te r m in e d .  A seco n d  wind p e r s i s t e n c e  v a lu e  was 

a l s o  i n c l u d e d ,  n o t  b a se d  on y e a r l y  p e r s i s t e n c e ,  b u t  upon 

p e r s i s t e n c e  o f  wind th ro u g h  t im e  f o r  each  o f  t h e  c a l e n d a r  

m o n ths .  F o r ex am p le , f o r  t h e  z o n a l  p e r i o d ,  a p e r s i s t e n c e  

v a l u e  was c a l c u l a t e d  f o r  w inds i n  a l l  D ecem bers, t h e n  

a n o t h e r  f o r  a l l  J a n u a r y  m o n ths , and t h e n  f o r  a l l  F e b ru a ry
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m o n th s . An a v e ra g e  p e r s i s t e n c e ,  w e ig h ted  by d a y s  i n  t h e  

m on th , was c a l c u l a t e d .  The same p ro c e d u r e s  were c a r r i e d  o u t  

f o r  th e  m e r id io n a l  m o n th s .  S in c e  t h e s e  v a lu e s  by d e f i n i t i o n  

f e l l  b e tw een  0 .0  and  1 . 0 ,  and  a s  t h e s e  v a lu e s  were n o t  i n  

t h e  fo rm  t o  be  e n t e r e d  i n t o  t h e  t - s c o r e  f o r m u la s ,  a  chang e  

i n  m o n th ly  p e r s i s t e n c e  was com puted  by s u b t r a c t i n g  t h e  z o n a l  

v a l u e  from th e  m e r id io n a l  v a lu e .  The r e s u l t s  were o f  t h e  

same m agn itude  a s  a l l  o t h e r  v a lu e s  i n  t h e  c h a n g e  m a t r ix .

The c l i m a t e  chang e  m a t r ix  t h e r e f o r e  c o n t a i n e d  one

h u n d re d  f i f t y - o n e  ro w s ,  ' one f o r  e ac h  s t a t i o n ,  and  e l e v e n  

c o lu m n s  c o n t a i n i n g  t h e  v a lu e s  w hich i n d i c a t e d ,  i n  s t a n d a r d ­

i z e d  u n i t s ,  t h e  am ount o f  ch an g e  t h a t  o c c u r r e d  be tw een  t h e  

z o n a l  and  m e r id io n a l  p e r i o d s .

Z onal and  M e r id io n a l  C l im a t i c  Means 

A f i n a l  d a ta  s e t  was r e q u i r e d  t o  t e s t  t h e  h y p o t h e s i s  

t h a t  c l i m a t i c  r e g i o n s  s i g n i f i c a n t l y  changed  sh a p e  betw een 

t h e  two p e r i o d s .  To d e v e lo p  c l i m a t i c  r e g i o n s  r e p r e s e n t i n g  

c o n d i t i o n s  in  e i t h e r  t h e  z o n a l  o f  m e r id io n a l  p e r i o d ,  c l i ­

m a t i c  means f o r  e a c h  p e r i o d  were d e te r m in e d .  Only te m p e ra ­

t u r e  and  p r e c i p i t a t i o n  v a lu e s  w ere  u se d  a s  t h e y  r e p r e s e n t e d  

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

te m s .  K eeping  t h e  p a r a m e te r s  upon which t h e s e  r e g i o n s  were 

b a s e d  s im p le  and c o m p a ra b le  t o  o t h e r  more commonly used

c l a s s i f i c a t i o n s  was d e s i r a b l e .

F o r  e a c h  s t a t i o n ,  two g ro u p s  of v a r i a b l e s  form ed 

t h i s  d a t a  s e t .  F o r  t h e  z o n a l  p e r i o d ,  a v e r a g e  t e m p e r a tu r e
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and  p r e c i p i t a t i o n  v a l u e s  were c a l c u l a t e d  f o r  e a c h  m onth, 

D ecem ber, J a n u a r y ,  and F e b r u a r y ,  from  th e  t e n  y e a r s  from  

1939 t o  19-49. The same v a r i a b l e s ,  t e m p e r a t u r e  and  p r e c i p i ­

t a t i o n ,  f o r  e a c h  month were a l s o  com puted  f o r  t h e  m e r id io n a l  

y e a r s ,  and a l l  r e s u l t s  were r e c o r d e d  i n  t h i s  d a t a  s e t .
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CHAPTER 17

SPATIAL PATTERNS IN CHANGES 

OF CLIHATIC ELEMENTS

R e s u l t s  and A n a ly se s  o f  Homogeneity T e s t s  

The M ann-K endail Bank S t a t i s t i c  (T) was c a l c u l a t e d  

f o r  e a c h  s t a t i o n  u s in g  tw c  v a r i a b l e s ,  t e m p e r a tu r e  and  b a r o ­

m e t r i c  p r e s s u r e .  The t e s t  was f i r s t  u t i l i z e d  t o  d e m o n s t r a te  

t h a t  t h e  d a ta  f o r  e a c h  s t a t i o n  were r e g i o n a l l y  homogeneous 

i n  b o th  t h e  z o n a l  and m e r i d io n a l  p e r i o d s .  I n  t h a t  t h e  te rm  

" r e g i o n a l l y  homogeneous" may have  s e v e r a l  i n t e r p r e t a t i o n s ,  

e a c h  s t a t i o n  was com pared to  i t s  n e a r e s t - n e i g h b o r ,  i t s  two 

n e a r e s t - n e i g h b o r s ,  and to  i t s  t h r e e  n e a r e s t - n e i g h b o r s .  At 

e a c h  o f  t h e s e  l e v e l s  o f  s p a t i a l  c o m p a r is o n ,  t h e  0 .0 1  c o n f i ­

d e n c e  l e v e l  was used  t o  t e s t  t h e  s i g n i f i c a n c e  o f  any d i f f e r ­

e n t i a l  t r e n d s  t h a t  o c c u r r e d  i n  t h e  d a t a .  s i n c e  one hundred  

f i f t y - o n e  s t a t i o n s  were t e s t e d ,  i t  became l i k e l y  t h a t  one o r  

tw o s t a t i o n s  may h a v e  been  i n c o r r e c t l y  c a t e g o r i z e d  a s  h a v in g  

a d i f f e r e n t i a l  t r e n d  due e n t i r e l y  t o  th e  c o n f i d e n c e  l e v e l  

s e l e c t e d .
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I n  t h e  z o n a l  g ro u p ,  u s in g  t e m p e r a tu r e  a s  t h e  t e s t  

v a r i a b l e ,  t h e  one n e a r e s t - n e i g h b o r  t e s t  scheme p roduced  two 

s t a t i o n s  f a i l i n g  th e  t e s t  -  I n d i a n a p o l i s ,  I n d i a n a ,  and Day­

t o n ,  O hio . When two n e a r e s t - n e i g h b o r s  were u sed  t o  p rodu ce  

t h é  r e g i o n a l  s t a n d a r d ,  no s t a t i o n s  d i s p l a y e d  d i f f e r e n t i a l  

t r e n d s .  Jum ping to  t h r e e  n e a r e s t - n e i g h b o r s  p ro d u ce d  two 

s t a t i o n s  w ith  a p p a r e n t  d i f f e r e n t i a l  t r e n d s  -  R ichm ond, V ir ­

g i n i a ,  and C i n c i n n a t i ,  O h io .

O sing  p r e s s u r e  a s  t h e  t e s t  v a r i a b l e  p ro d u ced  d i f f e r ­

e n t  r e s u l t s .  N in e te e n  s t a t i o n s  s c a t t e r e d  a c r o s s  th e  U n ited  

S t a t e s  f a i l e d  t h e  t e s t  when o n ly  one n e a r e s t - n e i g h b o r  was 

u s e d  f o r  a c o m p a r is o n .  s i r  s t a t i o n s ,  i n c l u d i n g  R a le ig h ,  

N o r th  C a r o l i n a ,  Colum bus, O h io , M a r q u e t t e ,  M ic h ig a n ,  W i l l i -  

s t o n .  N orth  D a k o ta ,  S t .  J o s e p h ,  M i s s o u r i ,  and  F r e s n o ,  C a l i ­

f o r n i a ,  showed s i g n s  o f  a  d i f f e r e n t i a l  t r e n d  when two n e a r ­

e s t - n e i g h b o r s  w ere u se d .  How ever, no s t a t i o n s  f a i l e d  t h e  

h o m o g en e ity  t e s t  when t h r e e  n e a r e s t - n e i g h b o r s  were used to  

c a l c u l a t e  t h e  r e g i o n a l  t r e n d .  These r e s u l t s  showed t h a t  

p r e s s u r e  was g e n e r a l l y  a more s e n s i t i v e  c l i m a t i c  v a r i a b l e  t o  

u s e  i n  t h i s  t e s t .  I t  was c o n c lu d e d  t h a t  a l l  r e c o r d e d  d a t a  

f o r  t h e  z o n a l  p e r io d  were r e g i o n a l l y  homogeneous a s  no s t a ­

t i o n  f a i l e d  t h e  t e s t  when b o th  t e m p e r a tu r e  and  p r e s s u r e  v a l ­

u e s  were used i n  t h e  c a l c u l a t i o n s ,  and  a s  no s t a t i o n s  i n  

e i t h e r  c a s e  f a i l e d  a t  more th a n  one o f  th e  c a l c u l a t i o n  l e v ­

e l s .

a i t h i n  t h e  m e r id io n a l  p e r i o d ,  th e  t e s t s  were even
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more c o n c l u s i v e  i n  d e te r m in in g  t h e  ad eq u a cy  o f  t h e  d a t a .  No 

s t a t i o n s  f a i l e d  t h e  t e s t s  when o n e ,  tw o ,  o r  t h r e e  n e a r e s t -  

n e ig h b o r s  were u sed  t o  p ro d u c e  t h e  t e m p e r a t u r e  norm . Only 

S h e r i d a n ,  Wyoming, f a i l e d  u s in g  p r e s s u r e  and one  n e a r e s t -  

n e i g h b o r ,  and o n ly  H e le n a ,  M ontana, f a i l e d  when two n e a r e s t -  

n e ig h b o r s  were u t i l i z e d  i n  t h e  c o m p u ta t io n s .  with t h r e e  

n e a r e s t - n e i g h b o r s  u s e d  t o  r e p r e s e n t  t h e  r e g i o n a l  p r e s s u r e  

n o rm s, no s t a t i o n  d i s p l a y e d  a  s i g n i f i c a n t  d i f f e r e n t i a l

t r e n d .  I n  l i g h t  o f  t h e s e  f i n d i n g s ,  i t  was c o n c lu d e d  t h a t

a l l  s t a t i o n s  r e c o r d e d  r e g i o n a l l y  hom ogeneous d a t a  th r o u g h o u t  

t h e  m e r i d io n a l  p e r i o d .

The r e s u l t s  f o r  t h e  e n t i r e  t w e n t y - s i x  y e a r  p e r io d  

showed more s t a t i o n s  f a i l i n g  t h e  t e s t s .  T hese  f i n d i n g s  were

e x p e c te d  a s  t h e  e q u a t i o n s  used  became o v e r l y  s e n s i t i v e  a s

t h e  number o f  y e a r s  i n c r e a s e d .  T e m p e ra tu re  d a t a  w ere u s e d ,  

and  w i th  j u s t  one n e a r e s t - n e i g h b o r ,  e i g h t e e n  s t a t i o n s  f a i l e d  

t h e  t e s t ,  w ith  two n e a r e s t - n e i g h b o r s ,  tw e lv e  f a i l e d .  S u r ­

p r i s i n g l y ,  when t h r e e  n e a r e s t - n e i g h b o r s  were u s e d ,  s i x t e e n  

o f  t h e  s t a t i o n s  a p p e a re d  t o  f a i l  t h e  t e s t  a t  t h e  0 ,0 1  c o n f i ­

d e n c e  l e v e l .  Even when t h e  c o n f i d e n c e  l e v e l  was s t i f f e n e d  

s o  t h a t  t h e  p r o b a b i l i t y  o f  a s t a t i o n  f a i l i n g  by c h an c e  was 

one h u n d red  f i f t y - t w o  t o  o n e ,  s e v e n  s t a t i o n s  c o n t in u e d  t o  

f a i l  t h e  t e s t .  However, t h e  c o n c l u s i o n  b a s e d  on t h e  homo­

g e n e i t y  t e s t s  was t h a t  a l l  d a ta  f o r  th e  s t a t i o n s  were 

r e g i o n a l l y  homogeneous w i th in  t h e  z o n a l  and m e r i d i o n a l  p e r i ­

o d s ,  The t e s t  became e x t r e m e ly  s e n s i t i v e  a s  t h e  number o f
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y e a r s  i n c r e a s e d ,  An e x a m in a t io n  o f  t h e  r e s u l t s  showed t h a t  

no  s t a t i o n  f a i l e d  t h e  t w e n t y - s i x  y e a r  t e s t  and  e i t h e r  o f  t h e  

t e n  y e a r  t e s t s .  T h e r e f o r e ,  a l l  one h u n d red  f i f t y - o n e  s t a ­

t i o n s  were u sed  i n  t h e  a n a l y s e s .  A l l  s t a t i o n s  were t h e  

f i r s t - o r d e r  t y p e  where maximum c a r e  was p re su m ab ly  used  t o  

p r e s e r v e  hom og en e ity  o f  t h e  r e c o r d s  th ro u g h  t im e .  A lso ,  

v a r i o u s  f i l t e r i n g  t e c h n i q u e s  w ere u sed  t o  dampen t h e  e f f e c t  

o f  any  r e a l  d i f f e r e n t i a l  t h a t  may have  o c c u r r e d ,  R e s u l t s  

from  t h i s  s e c t i o n  a l s o  c a s t  some d o u b t  on t h e  u s e f u l n e s s  o f  

t h e  f lan n -K e n d a ll  Hank S t a t i s t i c  i n  i t s  u s e  f o r  t e s t i n g  

l o n g e r  t im e  p e r i o d s  o f  d a t a .

R e s u l t s  and A n a ly se s  o f  D is c r im in a n t  T e s t s  

D i s c r i m i n a n t  a n a l y s e s  w e re  u sed  t o  d e te rm in e  i f  s i g ­

n i f i c a n t  c l i m a t i c  d i f f e r e n c e s  e x i s t e d  be tw een  t h e  z o n a l  and 

m e r i d i o n a l  t im e  p e r i o d s .  I f  t h e y  d id  e x i s t ,  d i s c r i m i n a n t  

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

r e c t  g roup  c o u ld  be d e te r m in e d .  The d i s c r i m i n a n t  f u n c t i o n s  

s h o u l d  be s t a t i s t i c a l l y  s i g n i f i c a n t ,  and t h e  number o f  

i n c o r r e c t l y  c l a s s i f i e d  y e a r s  s h o u ld  be a t  a minimum. Some 

c u r r e n t  d a ta  from  t h e  e x t r e m e ly  m e r i d i o n a l  w i n t e r  o f  

1976-1977  were a p p l i e d  t o  t h e  d i s c r i m i n a n t  f u n c t i o n s .  The 

r e s u l t s  p r o v id e d  an  in d e x  f o r  each  s t a t i o n  which may be 

p l o t t e d  a lo n g  a z o n a l - m e r i d i o n a l  c o n tin u u m . T h is  p ro c e d u re  

d e m o n s t r a te d  t h e  u s e f u l n e s s  o f  t h e  e q u a t i o n s  i n  s i t u a t i o n s  

b eyond  t h e  t im e  l i m i t s  o f  th e  s t u d y  p e r i o d s ,
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F o r  e a c h  s t a t i o n ,  t h e  y e a r s  w ere  g ro u p ed  so  t h a t  t e n  

z o n a l  y e a r s  were com pared  t o  n i n e  m e r i d i o n a l  y e a r s .  The 

t im e  p e r i o d s  were n o t  e g u a l  due t o  i n s u f f i c i e n t  wind d a t a  

f o r  t h e  f i n a l  m e r i d io n a l  y e a r .  A s t e p w i s e  d i s c r i m i n a n t  

m odel was u s e d ,  one  ru n  th r o u g h  t h e  model f o r  eac h  s t a t i o n  

i n  t h e  s t u d y .

F ig u re  5 d i s p l a y s  a c c u r a c y  r e s u l t s  from  th e  one hun­

d re d  f i f t y - o n e  s t a t i o n s .  I n  e i g t h y - f i v e  c a s e s ,  r e p r e s e n t i n g  

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

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

e a c h  z o n a l  y e a r  was c l a s s i f i e d  z o n a l  by t h e  f u n c t i o n s  and 

e a c h  m e r i d io n a l  y e a r  was c l a s s i f i e d  m e r i d i o n a l .  I n  t h i r t y -  

t h r e e  c a s e s ,  o n ly  one  y e a r  was m i s c l a s s i f i e d ;  h e n c e ,  se v en ­

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

a l l  b u t  one y e a r  o r  l e s s  c o r r e c t l y .  N in e te e n  d i s c r i m i n a n t  

f u n c t i o n s  f a i l e d  t o  c o r r e c t l y  c l a s s i f y  e x a c t l y  two y e a r s ,  

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

t i o n s  d i s p l a y e d  f o u r  i n c o r r e c t l y  c l a s s i f i e d  y e a r s ,  and one 

s t a t i o n ,  A t l a n t a ,  G e o r g ia ,  had f i v e  m i s c l a s s i f i e d  y e a r s .  An 

e x a m in a t io n  o f  F i g u r e  5 d id  n o t  im m e d ia te ly  p ro d u c e  any d i s ­

t i n c t i v e  s p a t i a l  p a t t e r n s  i n  t h e  d a t a .  The m odels a p p e a re d  

t o  work w e l l  i n  t h e  n o r t h e r n  p l a i n s ,  and  p o s s i b l y  t h e  p o o r ­

e s t  i n  t h e  lo w e r  M i s s i s s i p p i  p l a i n .

C o n t in u in g  w i th  t h e  n o t i o n  t h a t  a  d i s t i n c t i v e  s p a ­

t i a l  p a t t e r n s  e x i s t e d  i n  t h e  r e s u l t s ,  a t r e n d - s u r f a c e  map o f  

t h e  number o f  m i s c l a s s i f i e d  y e a r s  was g e n e r a t e d  and d i s -
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see Appendix III for a discussion of Computer Maps



UiVO

COUiU

LLL
   .................   , . y  ,  LL LL LLL LL LL LLL l . L U;

♦ « » • « « ♦ > f r « * ♦ 4  * 4 « « ♦ ft 4 * ♦ » f ♦ ♦ * f  .....................    L L L L C L L L L L L L L L L L L L L L 3
LULLU ILLLLLULLLULl

ft^ft4 ft f t» « f t f t f t ft ft ft ftftft  ̂ftftftft I ft ft ft ft 3ft  ft ftftft ft>  ........................................  L L L L L L L L L L L L L I L L L L I  I
j f t f t f t f t f t f t f t f t f t f t f t f t f t f t f t f t Mf t f t f t f t f t f t f t f t f t f t f t f t f t f t l . LLL LL LLL LL L

LLLLL

Class Intervals 
Mlsclassifled Years

!>•<> I . 9 J  2 , 1 ) 0  J . O O
I . 0 0  2 , 0 0  J . 0 0  4 . 0 0

*  ■ ■  *  m m &Æ a s  e a  «  «. #
.  ÜCUCLOI.OJ ObHt lo l iu t iU ( l U l l K I M a
>' 4 4 4 4 « « * » 4  UCCCUULCU buCl i lUbut iu  l t U 4 I k « l l t l

OC L Oj u OC u  . t J û U ' i b U u u  k k m b K l t k k  
. UCLCCUCCC u u C ü ü u ü l j ü  i k l O k l i a a i i
% 4 4 * 4  4 * 4 4 4  ÜCCCOUCÛC t iuO li 0 c U ûl i  K t O OK k a a O
H b U M n  u

ZOO 4 0 0  MILES
I4 .  30  

0 . 00

Figure 6; Sixth-Order Trend Fitting to
Surface of Misclassified Years



p la y e d  i n  F ig u r e  6 ,  T h is  s i x i h - o r d e r  t r e n d  f i t t i n g  had  a 

c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .4 4  w ith  t h e  o r i g i n a l  s u r f a c e ,  

and  t h e r e f o r e  e x p l a i n e d  o n ly  n i n e t e e n  p e r  c e n t  o f  t h e  t o t a l  

v a r i a t i o n  d i s p l a y e d  i n  F ig u r e  5 .  However, i t  d id  un co v er  

t h e  u n d e r ly in g  p a t t e r n s  i n  t h e  d a t a .  The i n i t i a l  i n t e r p r e ­

t a t i o n s  o f  F ig u r e  5 were c o n f i r m e d ,  t h e  u p p e r  p l a i n s  showed 

a d i s t i n c t i v e  p o c k e t  where t h e  model s e p a r a t e d  t h e  z o n a l  

from m e r i d io n a l  y e a r s  e x c e e d in g ly  w e l l .  T h ro u g h o u t  most o f  

t h e  U n i te d  S t a t e s ,  t h e  m odels  d id  an  a c c e p t a b l e  jo b  i n  

r e c l a s s i f y i n g  t h e  y e a r s .  However, two m ajor p o c k e t s  e x i s t e d  

where th e  m odels  worked p o o r ly ;  t h e  n o r t h w e s t e r n  c o r n e r  o f  

t h e  U n ited  S t a t e s  and a l a r g e  r e g i o n  i n  t h e  s o u t h - c e n t r a l  

U n i te d  S t a t e s  a p p e a re d  t o  be r e g i o n s  w here  m odels  m i s c l a s s i ­

f i e d  t h e  g r e a t e s t  number o f  y e a r s .  However, t h e  f i n d i n g s  

s u g g e s t e d  t h a t  a c h an g e  from one c i r c u l a t i o n  ty p e  t o  a n o th e r  

may be  l e s s  c o n s i s t e n t l y  p rono unced  o v e r  t h e  n o r th w e s t e r n  

and s o u t h - c e n t r a l  s e c t i o n s  o f  t h e  U n i te d  S t a t e s .  The m odels 

d i d  n o t  a p p e a r  t o  work e x c e e d in g ly  w e l l  i n  t h e  s o u th w e s t  

T exas  r e g i o n ,  o r  a lo n g  t h e  A t l a n t i c  s e a b o a rd  from th e  B oston  

a r e a  so u th w a rd  th ro u g h  W a sh in g to n . From a n a l y s i s  o f  t h e s e  

d i s c r i m i n a n t  f u n c t i o n s ,  i t  a p p e a re d  t h a t  a c r o s s  t h e  U n ited  

S t a t e s ,  t h e  z o n a l  o r  m e r id io n a l  y e a r s  c o u ld  b e  d i s c r i m i n a t e d  

b a se d  on s u r f a c e  c l i m a t i c  d a t a  w i th  a c c u r a c y .  I n  a l l ,  fu n c ­

t i o n s  f o r  s e v e n t y - e i g h t  p e r  c e n t  o f  t h e  s t a t i o n s  c o u ld  d i s ­

c r i m i n a t e  a l l  b u t  one y e a r ,  o r  b e t t e r ,  f o r  t h e  s e l e c t e d  t im e  

p e r i o d .  Some e v id e n c e  s u g g e s te d  t h a t  a  few r e g i o n s  i n  t h e

— 60 -



U n i te d  S t a t e s  g e n e r a l l y  d i s p l a y e d  a h i g h e r  number o f  

m i s c l a s s i f i e d  y e a r s ,  im p ly in g  t h a t  i n  th e s e  r e g i o n s ,  t h e  

im p a c t  o f  c i r c u l a t i o n  c h a n g e s  may be l e s s  p e r s i s t e n t  th a n  i n  

o t h e r  a r e a s .  D u r in g  e i t h e r  p e r i o d  o f  p re d o m in a n t  c i r c u l a ­

t i o n ,  some y e a r s  f o r  s e v e r a l  r e g i o n s ,  i n c l u d i n g  th e  n o r t h ­

w e s t e r n  and s o u th  c e n t r a l  s e c t i o n s ,  a p p e a re d  to  p ro d u ce  s u r ­

f a c e  c o n d i t i o n s  more l i k e  t h o s e  o f  t h e  o t h e r  f low  t y p e .  F o r  

e x a m p le ,  some z o n a l  y e a r s  may have  p roduced  a f lo w  t h a t  was 

v e r y  s i m i l a r  t o  t h a t  o f  t h e  m e r i d io n a l  p e r io d  f o r  th e  N orth ­

w e s t .  The same t y p e  o f  o n s h o re  f low  c o u ld  be p roduced  by 

e i t h e r  c i r c u l a t i o n  t y p e .  The same c o u ld  be e x te n d e d  t o  any 

r e g i o n  where th e  m odels worked p o o r l y .  However, f o r  most o f  

t h e  U n i te d  S t a t e s ,  t h e  s u r f a c e  c l i m a t e s  a p p e a re d  to  s u b s t a n ­

t i a l l y  ch ang e  i n  a s s o c i a t i o n  w i th  a s h i f t  i n  t h e  g e n e r a l  

c i r c u l a t i o n .

Each model was a l s o  t e s t e d  f o r  s t a t i s t i c a l  s i g n i f i ­

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

f u n c t i o n .  The r e s u l t s  a r e  d i s p l a y e d  on a p ro x im a l  map i n  

F i g u r e  7 .  One h u n d red  t h i r t y - s i x  s t a t i o n s  ( n i n e t y  p e r  c e n t )  

were shown t o  have d i s c r i m i n a n t  f u n c t i o n s  t h a t  were s i g n i f i -  

cauxt a t  t h e  0 .0 5  c o n f i d e n c e  l e v e l .  G e n e r a l ly  th e  m odels 

were s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0 .01  and 0 .0 5  c o n f i ­

d e n c e  l e v e l s ,  w ith  one h u n d re d  e i g h t e e n  ( s e v e n t y - e i g h t  p e r  

c e n t )  s t a t i o n s  from a c r o s s  t h e  U n ited  S t a t e s  f a l l i n g  i n t o  

t h i s  g ro u p .  In  a l l ,  one h u n d red  t h i r t y - s i x  o f  t h e  s t a t i o n s  

had  d i s c r i m i n a n t  f u n c t i o n s  t h a t  were s i g n i f i c a n t  a t  t h e  0 .0 5
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c o n f id e n c e  l e v e l s  and  th e y  r e p r e s e n t e d  a c o n t ig u o u s  p a t t e r n  

b ro k e n  o n ly  i n  a few  i s o l a t e d  a r e a s .  I t  was c o n c lu d e d  t h a t  

t h e  m odels n o t  o n ly  worked w ith  a c c u r a c y ,  b u t  t h a t  t h e y  were 

a l s o  s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  an  overw helm ing  number o f  

s t a t i o n s .

The s t e p w i s e  d i s c r i m i n a n t  model was u sed  i n  t h e  c a l ­

c u l a t i o n s ,  h e n c e ,  t h e  f i r s t  v a r i a b l e  p ick ed  from  t h e  a r r a y  

r e p r e s e n t e d  t h e  one t h a t  d i s c r i m i n a t e d  m ost e f f i c i e n t l y .  

Once i d e n t i f i e d ,  t h e  v a r i a b l e  was c a t e g o r i z e d  i n t o  t h e  t h r e e  

m a jo r '  com ponen ts  o f  t h e  a tm o s p h e re :  c i r c u l a t i o n ,  h e a t

e n e r g y ,  and m o is tu r e .  C i r c u l a t i o n  v a r i a b l e s  i n c l u d e d  b a ro ­

m e t r i c  p r e s s u r e  and a l l  wind m e a su re s ,  h e a t  e n e rg y  i n c l u d e d  

t e m p e r a t u r e ,  and m o is tu r e  i n c l u d e d  r e l a t i v e  h u m id i ty  and 

b o th  p r e c i p i t a t i o n  v a r i a b l e s .  k map o f  t h e  m ost d i s c r i m i ­

n a t i n g  v a r i a b l e  was t h e n  p ro d u ced  u s in g  th e  t h r e e  c a t e g o r i e s  

{ see  F ig u r e  8 ) .  Two com ponen ts , c i r c u l a t i o n  and m o i s tu r e ,  

c l e a r l y  d o m in a ted  t h e  p a t t e r n .  S i z t y - f i v e  s t a t i o n s  ( f o r t y -  

t h r e e  p e r  c e n t )  showed c i r c u l a t i o n  v a r i a b l e s  t o  be t h e  b e s t  

d i s c r i m i n a t o r s ,  and  e i g h t y - f o u r  s t a t i o n s  ( f i f t y - s i x  p e r  

c e n t )  had m o is tu r e  v a r i a b l e s  a s  t h e  b e s t  d i s c r i m i n a t o r s .  In 

o n ly  two c a s e s  d id  t e m p e r a t u r e  em erge  a s  t h e  m ost d i s c r i m i ­

n a t i n g  e le m e n t .  T a b le  1 d i s p l a y s  t h e  r e s u l t s  f o r  eac h  v a r i ­

a b l e  i n  t h e s e  a n a l y s e s .  I t  may be a rg u e d  t h a t  c i r c u l a t i o n  

and  m o is tu r e  c a t e g o r i e s  i n c l u d e  more d i f f e r e n t  v a r i a b l e s  

t h a n  t h e  h e a t  e n e rg y  c a t e g o r y ,  c r e a t i n g  a b e t t e r  c h an ce  f o r  

c i r c u l a t i o n  and m o is tu r e  t o  be s e l e c t e d ,  b u t  t h e  f i n d i n g s
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T ab le  1

F reguency  o f  O c c u r re n c e  a s  B est 

D i s c r im in a t in g  V a r ia b le

A tm o spheric
Component

C l im a t i c
E lem ent F requency

C i r c u l a t i o n P r e s s u r e 7
Wind Speed 39
N o r th e r ly  Wind Component 9
W e s te r ly  Wind Component 10

H eat Energy T em p era tu re 2

M o is tu re R e l a t i v e  H um idity 80
P r e c i p i t a t i o n 2
P r e c i p i t a t i o n  Days 2

h e re  s t r o n g l y  s u g g e s te d  t h a t  t e m p e r a tu r e  was n o t  a s  

s i g n i f i c a n t l y  a f f e c t e d  by c i r c u l a t i o n  change a s  t h e  wind 

r e l a t e d  v a r i a b l e s  and t h e  m o is tu r e  com ponen ts  o f  t h e  a tm o s­

p h e r e .  à l th o u g h  te m p e r a tu re  may be a f f e c t e d  by c i r c u l a t i o n  

c h a n g e s ,  wind and  m o is tu r e  v a r i a b l e s  a p p e a re d  t o  change  more 

s i g n i f i c a n t l y  i n  a s t a t i s t i c a l  s e n s e .

M o is tu re  r e l a t e d  v a r i a b l e s  a p p e a re d  t o  chan ge  more 

f r e q u e n t l y  t h a n  o t h e r s  a c r o s s  many p a r t s  o f  th e  U n ited  

S t a t e s ,  p a r t i c u l a r l y  i n  th e  c e n t r a l  r e g i o n .  T h is  was an 

a r e a  ah ead  o f  t h e  u p p e r  l e v e l  r i d g e  o v e r  t h e  R o c k ie s  where 

s u b s id e n c e  i n h i b i t e d  p r e c i p i t a t i o n  f o r m a t io n .  The n o r t h e r n  

High P l a i n s  o f  Montana a l s o  showed a number o f  s t a t i o n s  w i th
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m o is tu r e  a s  t h e  m ost d i s c r i m i n a t i n g  v a r i a b l e .  The r e g io n  

was l o c a t e d  a lo n g  t h e  s to rm  t r a c k  o n ly  d u r in g  t h e  m e r id io n a l  

p e r i o d ,  i n c r e a s i n g  t h e  p r e c i p i t a t i o n  l e v e l s .  The many 

e r r a t i c s  i n  t h e  p a t t e r n  c o u ld  be e x p la in e d  u s in g  s i m i l a r  

r e a s o n i n g ,  o r  t h e  r e p r e s e n t  c a s e s  where o t h e r  e le m e n ts  

re m a in e d  r e l a t i v e l y  c o n s t a n t ,  and  s m a l l  c h a n g e s  i n  m o is tu r e  

com pon en ts  became t h e  m ost s i g n i f i c a n t  c h a n g e s .

The p a t t e r n  o f  c i r c u l a t i o n  v a r i a b l e s  a s  b e s t  d i s c r im ­

i n a t o r s  was l i k e  t h e  m o is tu r e  p a t t e r n  i n  t h a t  l a r g e  homoge­

n e o u s  r e g i o n s  r a r e l y  d e v e lo p e d .  However, t h e  f o l lo w in g  gen­

e r a l i z a t i o n s  w ere  made. C i r c u l a t i o n  v a r i a b l e s  a p p e a re d  t o  

b e  t h e  b e s t  d i s c r i m i n a t o r s  a lo n g  t h e  P a c i f i c  c o a s t  where 

p r e s s u r e s  i n c r e a s e d  a s  th e  w e s te rn  r i d g e  d e v e lo p e d  in  t h e  

m e r i d io n a l  p e r io d .  H ig h e r  p r e s s u r e s  and lo w e r  wind sp e e d s  

c o u ld  be  u se d  t o  e x p l a i n  t h e  l a r g e  r e g io n  i n  t h e  e a s t e r n  

R o c k ie s  and w e s te rn  P l a i n s .  The p a t t e r n  a lo n g  t h e  G u lf  and 

s o u t h e r n  A t l a n t i c  c o a s t  was c a u s e d  by i n c r e a s e d  wind sp e e d s  

a s s o c i a t e d  w ith  t h e  s o u t h e r n  e x t e n s i o n  o f  c y c l o n i c  s to rm  

t r a c k s .  auch  o f  th e  p a t t e r n  i n  t h e  N o r t h e a s t  c o u ld  be 

e x p l a i n e d  by d e c r e a s e s  i n  p r e s s u r e  a s  an  i n c r e a s e d  number o f  

c y c l o n i c  s to r m s  p a s s e d  th r o u g h  t h e  r e g i o n  i n  t h e  m e r id io n a l  

t im e  p e r i o d .

One o f  t h e  i n t e r e s t i n g  t e s t s  f o r  t h e  u s e f u l n e s s  o f  

t h e  d i s c r i m i n a n t  f u n c t i o n s  was one  where c u r r e n t  d a ta  were 

a p p l i e d  t o  t h e  m o d e ls ,  and t h e  s e l e c t e d  y e a r  was c l a s s i f i e d  

a s  z o n a l  o r  m e r i d io n a l  a t  e a c h  s t a t i o n .  I f  t h e  ty p e  o f  c i r -
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c a l a t i o n  p a t t e r n  f o r  t h e  t e s t  y e a r  was w e ll-k n o w n , and i f  

t h e  d i s c r i m i n a n t  m odels c o r r e c t l y  c l a s s i f i e d  t h e  y e a r ,  t h e  

f u n c t i o n s  may * th e n  be shown t o  have  u s e f u l n e s s  beyond t h e  

t im e  b o u n d a r i e s  o f  t h e  s tu d y  p e r i o d .  R e s u l t s  from  t h e  mod­

e l s  may be used  t o  g e n e r a t e  i n d i c e s  o f  z o n a l i t y  o r  m e r id io n -  

a l i t y  b a se d  on s u r f a c e  c l i m a t i c  d a t a .  These may i n  t u r n  be 

u se d  t o  r e i n f o r c e  e v id e n c e  o f  f u t u r e  o r  p a s t  c l i m a t i c  f l u c ­

t u a t i o n s ,  and may p r o v id e  a  new in d e x  o f  a tm o s p h e r i c  c i r c u ­

l a t i o n .

The w i n t e r  o f  1976-1977 was one  marked by i n t e n s e  

m e r i d i o n a l  f lo w .  T h ro u g h o u t t h a t  w i n t e r ,  a  s t r o n g  p e r s i s t ­

e n t  h ig h  p r e s s u r e  r i d g e  was a n c h o re d  o v e r  t h e  R o c k ie s ,  and a 

d eep  low p r e s s u r e  t r o u g h  i n  t h e  u p p e r  a tm o sp h e re  p e r s i s t e d  

o v e r  m ost o f  t h e  n o r t h e a s t e r n  U n i te d  S t a t e s .  T h is  s i t u a t i o n  

was a s s o c i a t e d  w ith  one o f  t h e  most s e v e r e  w i n t e r s  in  h i s ­

t o r y  f o r  many n o r t h e a s t e r n  s t a t i o n s ,  and y e t  c o n d i t i o n s  

r e m a in e d  r e l a t i v e l y  m ild  t h r o u g h o u t  th e  w e s te rn  h a l f  o f  t h e  

U n i te d  S t a t e s  ( see  T a u b e n se e ,  1977; W agner, 1977; and D ick ­

s o n ,  1 9 7 7 ) .  The im p a c t  o f  t h i s  s i t u a t i o n  was overw helm ing  

( s e e  H agnuson, 1977 and Donovan, 1977) and i t  s t i m u l a t e d  a 

g r e a t  d e a l  o f  i n t e r e s t  i n  c l i m a t i c  chan ge  r e s e a r c h .  I n  

s h o r t ,  t h e  w i n t e r  o f  1976-1977 was c h a r a c t e r i z e d  by an 

e x c e l l e n t  exam ple  o f  i n t e n s e  m e r id io n a l  f lo w  which p e r s i s t e d  

th r o u g h o u t  most o f  t h e  w i n t e r .

M onthly c l i m a t o l o g i c a l  d a ta  f o r  t h i s  w in t e r  was 

fo u n d  i n  C l i m a t o l o g i c a l  D a ta ; N a t io n a l  Summary. I t  a p p e a re d
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i n  m e t r i c  u n i t s ,  u n l i k e  t h e  p r e v i o u s l y  p u b l i s h e d  d a t a ,  and 

o n ly  r e s u l t a n t  wind s p e e d s  were g iv e n  i n  p l a c e  o f  a v e ra g e  

wind v e l o c i t i e s .  The m e t r i c  u n i t s  c o u ld  e a s i l y  be c o n v e r t e d  

i n t o  E n g l i s h  u n i t s  t h a t  were used  th r o u g h o u t  t h e  s t u d y ,  b u t  

m is s in g  wind v e l o c i t i e s  p ro v ed  to  be  a h a n d ic a p .  The d i s ­

c r i m i n a n t  f u n c t i o n s  were a l l  c a l c u l a t e d  w i th  a v e r a g e  wind 

v e l o c i t y  a s  a com ponen t;  t h e r e f o r e ,  o n ly  t h o s e  s t e p w i s e  d i s ­

c r i m i n a n t  m odels n o t  i n c l u d i n g  wind e le m e n t s  were used t o  

t e s t  t h e  1976-1977 d a t a .  T h is  l e f t  on ly  tw e n ty  s t a t i o n s  

(se e  F ig u r e  9) f o r  f u r t h e r  t e s t i n g ,  a s  t h e  o t h e r  one hundred  

t h i r t y - o n e  s t a t i o n s  r e q u i r e d  t h e  u se  o f  a v e ra g e  wind v e lo c ­

i t y  i n  t h e i r  d i s c r i m i n a n t  f u n c t i o n s .

The a p p r o p r i a t e  d a ta  were e n t e r e d  i n t o  m o d if ie d  d i s ­

c r i m i n a n t  f u n c t i o n s  f o r  each  o f  t h e  tw e n ty  s t a t i o n s .  The 

a c t u a l  f u n c t i o n s  and t h e  d a t a  e n t e r e d  a r e  l i s t e d  i n  Appendix 

I I I .  I n  a l l  c a s e s  e x c e p t  W i l l i s t o n ,  n o r th  D a k o ta ,  t h e  mod­

e l s  a c c u r a t e l y  c l a s s i f i e d  t h e  w in t e r  o f  1975-1977 a s  m e r i­

d i o n a l .

The W i l l i s t o n  anomaly c o u ld  be e x p la in e d  i n  te rm s o f  

one o f  t h e  two v a r i a b l e s  u se d  i n  t h e  d i s c r i m i n a n t  f u n c t i o n ,  

r e l a t i v e  h u m id i ty .  D a ta  t o  be p r e s e n t e d  i n  l a t e r  s e c t i o n s  

showed S i l l i s t o n  t o  be  i n  a l o c a t i o n  where r e l a t i v e  h u m id i ty  

v a l u e s  d e c r e a s e d  (from 78.9% t o  69.0%) a s  t h e  c i r c u l a t i o n  

s y s te m  s h i f t e d  to  a m e r i d io n a l  p a t t e r n .  H ig h e r  th a n  norm al 

v a l u e s  f o r  r e l a t i v e  h u m id i ty  f o r c e d  t h e  d i s c r i m i n a n t  fu n c ­

t i o n  t o  c l a s s i f y  t h e  w in t e r  a s  z o n a l .  The 1976-1977  w in te r

- 68 -



105'

69

87.109

105
>96148

22121

35̂<j»
VO

25

.50

125
43

Climatological Station 
Identification Numbers 
are Station Codes '

400m l.

Figure 9: Distribution of Selected Stations
Used to Test Discriminant Functions 
With Current Data



was e x tre m e ly  c o ld  i n  5i l l i s t o n »  a v e r a g in g  - 1 0 . 5  d e g r e e s ,  

which was o v e r  tw e n ty  d e g re e s  c o o l e r  t h a t  t h e  com bined zon­

a l - m e r i d i o n a l  a v e ra g e  o f  14 .5  d e g r e e s .  Even i f  m o is tu r e  in  

t h e  a tm o sp h e re  was s l i g h t l y  l e s s  th a n  norm al d a r i n g  t h i s  

w i n t e r  ( a c t u a l l y ,  p r e c i p i t a t i o n  was above n o r m a l ) ,  t h e  

e x t r e m e ly  c o ld  t e m p e r a t u r e s  would f o r c e  th e  r e l a t i v e  h u m id i­

t i e s  h i g h e r ,  f o r  t h e  amount o f  m o is tu r e  th e  a tm o sp h e re  c o u ld  

p o t e n t i a l l y  h o ld  would be  v e ry  low . The r e l a t i v e  h u m id i ty  

v a lu e  f o r  th e  1976-1977 w in t e r  was 7 3 . 3 S , a c c o u n t in g  f o r  t h e  

i n c o r r e c t  z o n a l  c l a s s i f i c a t i o n .  T h is  t y p e  o f  p rob lem  p o i n t s  

t o  t h e  need  t o  i n c r e a s e  th e  number and type  of v a r i a b l e s  in  

u s e .  Only th e n  c o u ld  t h i s  t e c h n iq u e  o f  d e v e lo p in g  s u r f a c e  

i n d i c e s  o f  c i r c u l a t i o n  be p e r f e c t e d .

I n  t h i r t e e n  sam ple  c a s e s ,  t h e  m odels c a l c u l a t e d  a 

v e ry  s t r o n g  m e r id io n a l  v a l u e ,  c l e a r l y  t o  t h e  p o s i t i v e  s i d e  

o f  t h e  m e r id io n a l  a v e ra g e  v a lu e  (see  F ig u r e  1 0 ) .  A lthough  

t h e  v a lu e s  i n  use i n  t h e s e  m odels were a t  t h e  m onth ly  t im e  

s c a l e ,  and a s  t h e  r e s u l t s  p ro d u ced  o n ly  a  ro u g h  e s t i m a t e  o f  

a z o n a l - m e r i d i o n a l  i n d e x ,  t h e  f i n d i n g s  s u g g e s te d  t h a t  more 

p r e c i s e  v a l u e s ,  p e rh a p s  weekly means, co u ld  be u sed  t o  gen­

e r a t e  a c c u r a t e  i n d i c e s  o f  z o n a l i t y  o r  a e r i d i o n a l i t y  b a sed  

upon t h e  im p a c t  on s u r f a c e  c o n d i t i o n s .  These v a lu e s  c o u ld  

be  u se d  i n  c o n ju n c t i o n  w ith  i n d i c e s  o f  z o n a l i t y  f o r  u p p e r  

a i r  f low  t o  d e te rm in e  more e x a c t  p r o c e s s - r e s p o n s e  m odels 

( T e r ju n g ,  1 9 7 6 ) , i d e n t i f y i n g  a l i n k  betw een u p p e r  a i r  and 

s u r f a c e  c h a n g e s .  I f  a s t r o n g  c o r r e l a t i o n s  e x i s t e d  betw een
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t h e  u p p e r  l e v e l  and s u r f a c e  i n d i c e s ,  a c c u r a t e  m easu res  o f  

z o n a l i t y  o r  m e r i d i o n a l i t y  f o r  t h e  u p p e r  a i r  f low  may be c a l ­

c u l a t e d  from e a r l y  s u r f a c e  c l i m a t i c  d a t a .  A lth o u g h  t h i s  was 

n o t  t h e  f o c u s  o f  t h i s  s t u d y ,  i t  does  seem t o  be a good b a s e  

f o r  f u t u r e  r e s e a r c h .

The r e s u l t s  from th e  d i s c r i m i n a n t  a n a l y s e s  l e d  t o  

s e v e r a l  c o n c l u s i o n s .  I t  a p p e a re d  t h a t  th r o u g h o u t  t h e  U n ited  

S t a t e s ,  s i g n i f i c a n t  d i s c r i m i n a n t  f u n c t i o n s  c o u ld  be g e n e r ­

a t e d  c a p a b le  o f  a c c u r a t e l y  d i s c r i m i n a t i n g  w i n t e r  s e a s o n s  

i n t o  z o n a l  o r  m e r id io n a l  c i r c u l a t i o n  t y p e s  b a se d  on s u r f a c e  

c l i m a t i c  d a t a .  T hese  f i n d i n g s  s u g g e s t e d  t h a t  c h a n g e s  in  t h e  

u p p e r  l e v e l  c i r c u l a t i o n  d id  hav e  s i g n i f i c a n t  im p a c t s  on t h e  

s u r f a c e  c l i m a t i c  r e g im e s .  By e x a m in in g  t h e  m ost d i s c r i m i ­

n a t i n g  v a r i a b l e  i n  e a c h  m odel, m o is tu r e  and s u r f a c e  c i r c u l a ­

t i o n  v a r i a b l e s  a p p e a re d  t o  b e  a f f e c t e d  most s i g n i f i c a n t l y .  

I n  o n ly  two c a s e s  d id  some o t h e r  v a r i a b l e  a r i s e  a s  t h e  b e s t  

d i s c r i m i n a t o r .  C i r c u l a t i o n  c h an g e s  i n  th e  u p p e r  a tm o sp h e re  

a p p e a re d  t o  have  g r e a t e s t  im p a c t  on m o is tu re  and  s u r f a c e  

c i r c u l a t i o n ,  n o t  on t e m p e r a t u r e .  T h is  s u g g e s te d  t h a t  mois­

t u r e  and c i r c u l a t i o n  r e c o r d s  s h o u ld  b e  more c l o s e l y  moni­

t o r e d  i n  d e te r m in in g  f u t u r e  and p a s t  c l i m a t i c  f l u c t u a t i o n s .  

Some c u r r e n t  d a t a  from t h e  m e r id io n a l  1976-1977 w in te r  were 

a p p l i e d  t o  t h e  m o d e ls ,  and f i n d i n g s  s u g g e s te d  t h a t  i n d i c e s  

o f  z o n a l i t y  and m e r i d i o n a l i t y  c o u ld  be  c a l c u l a t e d  from s u r ­

f a c e  d a ta  f o r  any y e a r  t h a t  a p p r o p r i a t e  d a t a  were a v a i l a ­

b l e .
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R e s u l t s  and  A n a ly s e s  o f  t h e  C l i m a t i c  Change M a tr ix

F o r  e l e v e n  c l i m a t i c  e l e m e n t s ,  v a lu e s  were c a l c u l a t e d  

i n d i c a t i n g  t h e  am ount o f  chang e  be tw een  t h e  z o n a l  and m e r i ­

d i o n a l  p e r io d s *  T h i s  u n i t  r e p o r t s  t h e  r e s u l t s  i n  two s e c ­

t i o n s ;  f i r s t ,  t h e  r e s u l t s  from th e  c h a n g e  m a t r ix  were g e n e r ­

a l i z e d  f o r  e a c h  e l e m e n t ,  and  s e c o n d ,  s p a t i a l  p a t t e r n s  i n  th e  

r e s u l t s  w ere  a n a l y z e d .  S p e c i a l  a t t e n t i o n  was g iv e n  t o  tem p­

e r a t u r e  t o  p ro d u c e  ex am p le s  o f  v a r i o u s  i n t e r p r e t a t i o n s  from 

t h e  d a t a .

G e n e ra l  T re n d s  i n  th e  C l i m a t i c  Change M a tr ix  

An e x a m in a t io n  o f  th e  t - s c o r e s  f o r  e a c h  s t a t i o n  f o r  

t e m p e r a t u r e  showed an  overw helm ing  number o f  n e g a t i v e  v a l ­

u e s ;  o n ly  s i x t e e n  s t a t i o n s ,  o r  e l e v e n  p e r  c e n t  o f  th e  t o t a l  

num ber, w ere  r e p r e s e n t e d  by p o s i t v e  t - s c o r e  v a l u e s ,  i n d i c a t ­

i n g  an i n c r e a s e  i n  t e m p e r a t u r e  from t h e  z o n a l  t o  m e r id io n a l  

p e r i o d .  I n  t h a t  t e n  y e a r s  from  b o th  p e r i o d s  were u s e d ,  

y i e l d i n g  e i g h t e e n  d e g r e e s  o f  f ree d o m , th e  a b s o l u t e  v a lu e  o f  

t - s c o r e s  m ust e x c e e d  2 .1 0  t o  be s i g n i f i c a n t  a t  t h e  0 .0 5  con­

f i d e n c e  l e v e l  and 2 .8 8  a t  t h e  0 .0 1  c o n f i d e n c e  l e v e l .  No 

s t a t i o n  showed a s i g n i f i c a n t  i n c r e a s e  a t  e i t h e r  l e v e l ,  how­

e v e r  f i f t e e n  s t a t i o n s  d i s p l a y e d  a s i g n i f i c a n t  d e c r e a s e  a t  

t h e  0 .0 5  l e v e l  an d  fo u r  s i g n i f i c a n t l y  d e c r e a s e d  a t  t h e  0 .01  

l e v e l .  A l th o u g h  m ost s t a t i o n s  d id  n o t  show a s t a t i s t i c a l l y  

s i g n i f i c a n t  d e c l i n e  i n  t e m p e r a t u r e ,  many w ere  a p p ro a c h in g
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s i g n i f i c a n c e ,  and must be i n t e r p r e t e d  a s  a  r e a l  d e c r e a s e  i n  

t e m p e r a t u r e .  The p r im a ry  u se  o f  t h e  t - s c o r e s  was n o t  to  

d e te r m in e  s t a t i s t i c a l  s i g n i f i c a n c e ,  b u t  t o  y i e l d  s t a n d a r d ­

i z e d  u n i t s  o f  c h an g e  i n  a v a r i e t y  o f  c l i m a t i c  e le m e n t s .  

G e n e r a l l y  s p e a k in g ,  t h e n ,  a v e r a g e  m onth ly  t e m p e r a t u r e s  f o r  

t h e  U n i te d  S t a t e s  a p p e a re d  t o  d e c r e a s e  a s  t h e  c i r c u l a t i o n  

s h i f t e d  from  a z o n a l  t o  a m e r i d i o n a l  p a t t e r n .  T h is  seems i n  

l i n e  w i th  t h e  f i n d i n g s  o f  o t h e r s  (K a ln ic k y ,  1974; D zerd -  

z e e v s k i i ,  1969; and  Lamb, 1965) who shewed m e r i d io n a l  p a t ­

t e r n s  t o  be a s s o c i a t e d  w ith  c o o l e r  t e m p e r a t u r e s  a c r o s s  th e  

U n i te d  S t a t e s .

Some d i s t i n c t i v e  p a t t e r n s  w ere  a l s o  fo und  in  t h e  

c h a n g e s  i n  t h e  m o is tu r e  v a r i a b l e s .  The t - val u e s  c a l c u l a t e d  

f o r  t o t a l  p r e c i p i t a t i o n  showed a d i v i d e d  p a t t e r n  f o r  th e  

s t a t i o n s ;  s e v e n t y - n i n e  s t a t i o n s  ( f i f t y - t w o  p e r  c e n t )  i n d i ­

c a t e d  an  i n c r e a s e  i n  p r e c i p i t a t i o n  a m o u n ts ,  and s e v e n ty - tw o  

s t a t i o n s  showed a d e c r e a s e  i n  p r e c i p i t a t i o n .  N ine o f  t h e  

s t a t i o n s  showed a s i g n i f i c a n t  d e c r e a s e  and two d i s p l a y e d  a 

s i g n i f i c a n t  i n c r e a s e  i n  p r e c i p i t a t i o n  am ounts ( s i g n i f i c a n c e  

a t  t h e  0 .0 5  c o n f i d e n c e  l e v e l  was used  from t h i s  p o i n t  on i n  

t h i s  s e c t i o n )  •

The g e n e r a l  p a t t e r n  f o r  p r e c i p i t a t i o n  d a y s  was much 

t h e  same a s  f o r  t o t a l  p r e c i p i t a t i o n ,  w ith  a f a i r l y  even  

s p l i t  i n  t h e  s i g n  o f  t h e  t - v a l u e s .  S e v e n ty -o n e  s t a t i o n s  

( f o r t y - s e v e n  p e r  c e n t )  i n c r e a s e d  i n  t h e  number o f  p r e c i p i t a ­

t i o n  d a y s  and  t h e  r e m a in in g  e i g h t y  s t a t i o n s  showed a
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d e c r e a s e  i n  t h e  number o f  p r e c i p i t a t i o n  d a y s .  F our s t a t i o n s  

d i s p l a y e d  a s i g n i f i c a n t  i n c r e a s e ,  and o n ly  one showed a s i g ­

n i f i c a n t  d e c r e a s e .

I n t e r e s t i n g l y ,  t h e  t - s c o r e s  f o r  r e l a t i v e  h u m id i ty  

w ere  u n l ik e  t h o s e  o f  t o t a l  p r e c i p i t a t i o n  and  p r e c i p i t a t i o n  

d a y s .  R e la t i v e  h u m id i ty  i n c r e a s e d  i n  on ly  f i f t e e n  s t a t i o n  

( t e n  p e r  c e n t j ,  y e t  i n  f o u r  o f  t h e s e  c a s e s ,  t h e  change  was 

s i g n i f i c a n t .  The r e m a in in g  one hu n d red  t h i r t y - s i x  s t a t i o n s  

a l l  d i s p l a y e d  a d e c r e a s e  i n  r e l a t i v e  h u m id i ty ,  and o f  t h e s e ,  

o n e  h u nd red  t h r e e  s t a t i o n s  were marked by a s i g n i f i c a n t  

d e c r e a s e  i n  t h i s  m o is tu r e  m easu rem en t. T h e r e f o r e ,  g e n e r a l l y  

a c r o s s  t h e  U n ite d  S t a t e s ,  r e l a t i v e  h u m id i ty  v a lu e s  showed a 

s h a r p  d e c l i n e  moving from t h e  z o n a l  t o  th e  m e r id io n a l  

p e r i o d ,  im p ly in g  t h a t  l e s s  m o is tu r e  was p r e s e n t  i n  t h e  

a tm o sp h e re  i n  t h e  m e r id io n a l  p e r i o d .  I f  t e m p e r a tu r e  had 

d e c r e a s e d  and m o is tu r e  amount had s t a y e d  c o n s t a n t ,  r e l a t i v e  

h u m id i ty  would have i n c r e a s e d  a s  i t  i s  t h e  r a t i o  be tw een t h e  

w a te r  v ap o r  i n  t h e  a i r  and th e  amount o f w a te r  v ap o r  t h a t  

t h e  p a r c e l  can  h o ld .  D e c re a s e s  i n  t e m p e r a t u r e  lo w er  th e  

am ount o f  w a te r  t h a t  a p a r c e l  c an  h o ld ,  which i n  t u r n  lo w e rs  

t h e  d e n o m in a to r  o f  t h e  r a t i o ,  i n c r e a s i n g  th e  r e l a t i v e  humid­

i t y  v a l u e .  The a p p a r e n t  d e c r e a s e  i n  bo th  t e m p e r a tu r e  and 

r e l a t i v e  h u m id i ty  s t r o n g l y  s u g g e s te d  t h a t  l e s s  m o is tu r e  was 

a v a i l a b l e  i n  t h e  m e r id io n a l  p e r i o d .  Y e t ,  th e  t o t a l  p r e c i p i ­

t a t i o n  am ounts d id  n o t  show t h e  marked d e c r e a s e  t h a t  was 

e x p e c t e d ,  s u g g e s t i n g  t h a t  t h e  p r e c i p i t a t i o n  fo rm in g  p r o c -
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e s s e s  w ere  more e f f i c i e n t  d u r in g  t h e  m e r i d io n a l  p e r i o d .

T h ese  f i n d i n g s  may be  e x p la in e d  by th e  c h a n g e s  in  t h e  

c o n f i g u r a t i o n  o f  t h e  wind f lo w  i n  t h e  u p p e r  a tm o s p h e re .  

D u r in g  t h e  z o n a l  p e r io d ^  t h e  f lo w  moved r e l a t i v e l y  s t r a i g h t ,  

w e s t  t o  e a s t ,  a c r o s s  t h e  U n i te d  S t a t e s ,  w i th o u t  fo rm in g  d i s ­

t i n c t i v e  t r o u g h s  and  r i d g e s .  However, d u r in g  t h e  m e r id io n a l  

p e r i o d ,  t h e  r i d g e s  an d  t r o u g h s  became more p r e d o m in a n t .  

Ahead o f  t h e  t r o u g h s  i n  t h e  u p p e r  a tm o s p h e re ,  a i r  c u r r e n t s  

w ere  d i v e r g i n g ,  s u p p o r t i n g  v e r t i c a l  m o tio n s  i n  t h e  a tm o s­

p h e r e  w hich p ro d u c e  p r e c i p i t a t i o n .  T h is  g r e a t e r  u p p e r  l e v e l  

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

v id e d  t h e  key i n  e x p l a i n i n g  th e  a p p a r e n t  s i t u a t i o n  of. l e s s  

m o i s tu r e  i n  t h e  a tm o sp h e re  w i th o u t  s m a l l e r  p r e c i p i t a r i o n  

t o t a l s .

Some o f  t h e  f i n d i n g s  i n  t h e  c i r c u l a t i o n  g roup  o f  

v a r i a b l e s  s u p p o r t e d  t h i s  e x p l a n a t i o n .  E x am in a tio n  o f  t h e  

p r e s s u r e  v a lu e s  i n  t h e  change  m a t r ix  showed t h a t  s i x t y - f i v e  

s t a t i o n s  ( f o r t y - t h r e e  p e r  c e n t )  e i t h e r  i n c r e a s e d  o r  rem a in ed  

u n c h a n g e d ,  w h i le  e i g h t y - s i x  s t a t i o n s  showed a d e c r e a s e  i n  

t h e  p r e s s u r e  v a l u e s .  E ig h t  o f  t h e s e  s t a t i o n s  d i s p l a y e d  s i g ­

n i f i c a n t  i n c r e a s e s ,  t h r e e  show s i g n i f i c a n t  d e c r e a s e s .

Hind v e l o c i t y  t - s c o r e s  s u g g e s t e d  t h a t ,  i n  g e n e r a l ,  

w ind s p e e d s  a t  t h e  s u r f a c e  te n d e d  t o  i n c r e a s e  a s  t h e  c i r c u ­

l a t i o n  sy s te m  moved i n t o  a m e r i d io n a l  p a t t e r n .  One h u n d red  

s t a t i o n s  ( s i x t y - s i x  p e r  c e n t )  d i s p l a y e d  an i n c r e a s e  i n  wind 

s p e e d ,  w i th  f o r t y - s e v e n  s i g n i f i c a n t l y  i n c r e a s i n g  a t  t h e  0 .0  5
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c o n f i d e n c e  l e v e l  (o n ly  s e v e n te e n  d e g r e e s  o f  f reedom  w ere 

a s s o c i a t e d  w i th  t h e  wind m easu rem en ts  a s  o n ly  n i n e  m e r i ­

d i o n a l  y e a r s  were r e p r e s e n t e d ) *  Many o f  t h e s e  t - v a l u e s  were 

l a r g e r  t h a n  any o t h e r s  com puted f o r  any  v a r i a b l e .  Four s t a ­

t i o n s ,  i n c l u d i n g  Dubuque, Io w a , C o lu m b ia ,  M i s s o u r i ,  T o peka , 

K a n sa s ,  and Oklahoma C i t y ,  Oklahoma, had t - s c o r e s  g r e a t e r  

t h a n  t e n ,  l e t ,  o f  t h e  f i f t y - o n e  s t a t i o n s  r e p o r t i n g  a 

d e c r e a s e  i n  wind s p e e d ,  n i n e t e e n  v a l u e s  w ere  s t a t i s t i c a l l y  

s i g n i f i c a n t .  T hese  f i n d i n g s  s u g g e s t e d  t h a t  s u r f a c e  wind 

v e l o c i t i e s  were g r e a t l y  a f f e c t e d  by c i r c u l a t i o n  t y p e ,  and  

g e n e r a l l y ,  wind s p e e d s  t e n d e d  t o  be h i g h e r  i n  t h e  m e r i d io n a l  

p e r i o d .  Many e x c e p t i o n s  t o  t h i s  g e n e r a l i z a t i o n  were p r e s ­

e n t .

V a lu es  f o r  t h e  r e s u l t a n t  wind s p e e d s  were somewhat 

d i f f e r e n t  th a n  t h e  a v e r a g e  wind s p e e d s .  S u r p r i s i n g l y ,  s e v ­

e n t y - s e v e n  s t a t i o n s  ( f i f t y - o n e  p e r  c e n t )  showed a d e c l i n e  i n  

t h e  r e s u l t a n t  wind sp e e d s  from  t h e  z o n a l  t o  t h e  m e r i d io n a l  

p e r i o d .  Of t h o s e ,  t h i r t e e n  showed a s i g n i f i c a n t  d e c r e a s e .  

S e v e n ty - f o u r  s t a t i o n s  d i s p l a y e d  an i n c r e a s e ,  w i th  f i f t e e n  

s i g n i f i c a n t  v a lu e s .  The i n c r e a s e  i n  t h e  a v e ra g e  wind v e lo c ­

i t i e s  c o u p le d  w i th o u t  an  a p p a r e n t  ' i n c r e a s e  i n  t h e  r e s u l t a n t  

wind sp e e d  c o u ld  be e x p la in e d  by t h e  d i r e c t i o n a l  co m ponen ts  

o f  t h e  s u r f a c e  w inds e x p e c te d  w ith  d i f f e r e n t  c i r c u l a t i o n  

ty p e s *  D uring  t h e  z o n a l  p e r i o d ,  t h e  r e l a t i v e l y  s t r a i g h t  

p a t t e r n ,  w es t  t o  e a s t ,  i n  t h e  w e s t e r l i e s  s h o u ld  g iv e  r i s e  t o  

more p e r s i s t e n t  w inds a t  t h e  s u r f a c e .  I n  t h e  m e r i d io n a l
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p e r i o d ,  t h e  wind d i r e c t i o n s  w e re ,  p re s u m a b ly ,  l e s s  

p e r s i s t e n t .  The a v e r a g e  wind s p e e d s  i n  t h e  z o n a l  p e r io d  may 

h a v e  b een  l e s s  t h a n  i n  t h e  m e r i d io n a l  y e a r s ,  b u t  t h e  h i g h e r  

p e r s i s t e n c e  o f  t h e  wind i n  t h e  e a r l i e r  p e r i o d  may have  

a c c o u n te d  f o r  t h e  r e l a t i v e l y  h igh  r e s u l t a n t  wind sp e e d  v a l ­

u e s .

The a c t u a l  v a l u e s  c a l c u l a t e d  f o r  wind p e r s i s t e n c e  

r e i n f o r c e d  t h i s  e x p l a n a t i o n .  V a lu e s  f o r  wind p e r s i s t e n c e  by 

y e a r s  t e n d e d  t o  be n e g a t i v e ,  i n d i c a t i n g  l e s s  p e r s i s t e n c e  i n  

t h e  m e r id io n a l  p e r i o d .  A t o t a l  o f  n i n e t y - o n e  s t a t i o n s  

( s i x t y  p e r  c e n t )  h a d  t - s c o r e s  w hich  i n d i c a t e d  a  d rop  i n  wind 

p e r s i s t e n c e ,  s e v e n t e e n  had s i g n i f i c a n t  d e c r e a s e s .  Only f o u r  

o f  t h e  s i x t y  s t a t i o n s  w i th  p o s i t i v e  v a lu e s  had s i g n i f i c a n t  

t - s c o r e s .

S i m i l a r  r e s u l t s  were fo u n d  when p e r s i s t e n c e  v a lu e s  

w ere c a l c u l a t e d  f o r  e a c h  o f  t h e  t h r e e  c a l e n d a r  m onths . 

E i g h t y - e i g h t  s t a t i o n s  ( f i f t y - e i g h t  p e r  c e n t )  showed 

d e c r e a s e d  p e r s i s t e n c e  l e v e l s ,  by m on ths ;  s i x t y - t h r e e  showed 

an  i n c r e a s e d  l e v e l  o f  w ind p e r s i s t e n c e .  No m easu re  o f  s t a ­

t i s t i c a l  s i g n i f i c a n c e  was i n d i c a t e d  a s  t h e s e  v a lu e s  were 

com puted  by s u b t r a c t i n g  t h e  a v e r a g e  p e r s i s t e n c e  v a lu e  o f  t h e  

z o n a l  p e r i o d  from  t h a t  o f  th e  m e r id io n a l  p e r i o d .  T hese  

f i n d i n g s  g e n e r a l l y  v e r i f i e d  t h e  n o t i o n  t h a t  wind p e r s i s t e n c e  

l e v e l s  s h o u ld  d e c r e a s e  a s  t h e  c i r c u l a t i o n  o f  t h e  a tm o sp h e re  

s h i f t e d  from  a z o n a l  t o  a m e r i d io n a l  p a t t e r n .  These f i n d ­

i n g s  a l s o  h e lp  t o  e x p l a i n  t h e  o v e r a l l  i n c r e a s e  i n  wind sp e e d
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w i t h o u t  a s i m i l a r  i n c r e a s e  i n  t h e  r e s u l t a n t  wind s p e e d s .

I n  a n a l y z i n g  t h e  t - s c o r e s  f o r  t h e  n o r t h e r l y  and wes­

t e r l y  co m ponen ts  o f  t h e  w ind , t h e  e q u a t i o n s  t h a t  p ro d u ce d  

t h e s e  com ponen ts  m as t  be c o n s i d e r e d .  An i n c r e a s e  i n  t h e  

a v e r a g e  wind sp e e d  would i n c r e a s e  t h e  a b s o l u t e  v a lu e  o f  

t h e s e  m easu re s  i f  t h e  wind d i r e c t i o n s  re m a in e d  c o n s t a n t .  

Y e t-  e ig h t y - tw o  s t a t i o n s  ( f i f t y - f o u r  p e r  c e n t )  d i s p l a y e d  a 

d e c r e a s e  i n  t h e  n o r t h e r l y  com ponen t o f  th e  w in d , w i th  f i f ­

t e e n  o f  t h e s e  v a lu e s  found  t o  be s i g n i f i c a n t .  F o u r te e n  o f  

t h e  s i x t y - n i n e  s t a t i o n s  w ith  i n c r e a s e d  n o r t h e r l y  com ponen ts  

were s i g n i f i c a n t .

The t - s c o r e s  f o r  t h e  w e s t e r l y  com ponent o f  t h e  wind 

were somewhat s u r p r i s i n g .  Only s i x t y - s e v e n  s t a t i o n s  ( f o r t y -  

f o u r  p e r  c e n t )  r e p o r t e d  d e c r e a s e s  i n  t h e  w e s t e r l y  com ponent 

o f  t h e  w ind , w ith  t h i r t e e n  s i g n i f i c a n t  v a l u e s .  Of t h e  

e i g h t y - f o u r  s t a t i o n s  h a v in g  an  i n c r e a s e  in  t h e  w e s t e r l y  com­

p o n e n t ,  t w e n t y - t h r e e  showed s t a t i s t i c a l  s i g n i f i c a n c e .  I n i ­

t i a l l y ,  a  d e c r e a s e  i n  t h e  w e s t e r l y  wind com ponent was 

e x p e c t e d .  However, t h e  g e n e r a l  i n c r e a s e  i n  wind sp e e d  w i th  

m o d e ra te  c h a n g e s  i n  wind d i r e c t i o n  le d  t o  t h e  g e n e r a l  

i n c r e a s e  i n  t h e  w e s t e r l y  wind c o m p o n e n t.

S p a t i a l  P a t t e r n s  i n  t h e  C l i m a t i c  Change M a tr ix  

Having exam ined  t h e  g e n e r a l  t r e n d s  i n  t h e  d a t a ,  a 

s e c o n d  s e t  o f  i n t e r e s t i n g  r e s u l t s  came from th e  a n a l y s i s  o f  

t h e  s p a t i a l  t r e n d s  i n  t h e  d a t a .  I n  t h e  way o f  ex am p le ,
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t e m p e r a tu r e  c h an g e  v a l u e s  w ere u se d  t o  d i s p l a y e d  a v a r i e t y  

o f  ways r e s u l t s  c o u ld  be  p r e s e n t e d  and i n t e r p r é t a t e d  ; p r i n -  

c i p l e - c o a p o n e n t s  f a c t o r s  were t h e n  u se d  to  co n d en se  t h e  c l i ­

m a t i c  c h an g e  m a t r ix  and t h e  r e s u l t i n g  f a c t o r  s c o r e s  were 

mapped. T h is  t e c h n iq u e  had t h e  a d v a n ta g e  o f  a v o id in g  unnec­

e s s a r y  o v e r l a p  i n  t h e  p r e s e n t a t i o n  o f  t h e  r e s u l t s .

Using t h e  SIHAP pack ag e  p ro d u ce d  a t  H arvard  U n iv e r ­

s i t y  i n  1969 {Dougenik and S h eeh an , 1975), a  v a r i e t y  o f  

o p t i o n s  were a v a i l a b l e  f o r  d i s p l a y i n g  s p a t i a l  p a t t e r n s  t h a t  

were assum ed t o  be c o n t in u o u s  th ro u g h  s p a c e .  One o f  t h e  

most w ide ly  u sed  m ethods i s  t h e  c o n s t r u c t i o n  o f  i s o p l e t h  

maps where t h e  d a t a  v a lu e s  a r e  e n t e r e d  a t  s p e c i f i c  x and y 

c o o r d i n a t e s ,  and i n t e r p o l a t i o n  i s  c a r r i e d  o u t  t o  d e r i v e  d a ta  

v a l u e s  a t  a l l  x and y p o i n t s  w i t h i n  th e  map b o u n d a r i e s .  

F ig u r e  11 i s  one o f  t h e s e  s im p le  i s o p l e t h  maps b ased  on 

c h a n g e s  i n  t e m p e r a t u r e .  I n t e r p r e t a t i o n  o f  t h e  p a t t e r n  was 

d i f f i c u l t  due t o  t h e  amount o f  "noise** i n  t h e  p a t t e r n .  To 

u n c o v e r  and i d e n t i f y  th e  t r u e  " s i g n a l " ,  a t r e n d - s u r f a c e  f i t ­

t i n g  was a p p l i e d  t o  t h e  d a ta .

The f i r s t  map i n  t h i s  s e r i e s  o f  t r e n d  f i t t i n g s  i s  

p r e s e n t e d  i n  F ig u r e  12. The map r e p r e s e n t e d  a f i r s t - o r d e r ,  

l i n e a r  f i t  t o  t h e  t e m p e r a tu r e  chan ge  s u r f a c e .  The e q u a t io n  

f o r  t h e  f i t t i n g  was g iv e n  by:

Z = - 0 . 4 6  -  0 .0 9 2  + O.GUY 

w h e re  Z was t h e  c a l c u l a t e d  t e m p e r a tu r e  change v a lu e  b a sed  on
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the Surface of Changes in
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t h e  X and Y p o s i t i o n  o f  e a c h  s t a t i o n .  The c o e f f i c i e n t  o f  

c o r r e l a t i o n  o f  t h i s  f i t t i n g  was 0 .3 2 ;  s q u a r in g  t h i s  te rm  

y i e l d e d  0 .1 0  a s  t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n .  T hese  

v a l u e s  may be i n t e r p r e t e d  a s  t e n  p e r  c e n t  o f  t h e  t o t a l  v a r i ­

a t i o n  o f  t h e  o r i g i n a l  t e m p e r a t u r e  c h an g e  s u r f a c e  t h a t  was 

e x p l a i n e d  by t h e  f i r s t - o r d e r  f i t t i n g .  However low t h i s  

v a l u e  may h a v e  b e e n ,  i t  s t i l l  p ro d u ce d  a s u r f a c e  d i s p l a y i n g  

t h e  u n d e r l y i n g  s t r u c t u r e  e x i s t i n g  i n  t h e  s p a t i a l  p a t t e r n s  i n  

t h e  d a t a .  F ig u r e  12 c l e a r l y  showed t h a t  i n  a r e l a t i v e  

s e n s e ,  t h e  t e m p e r a t u r e  c h an g e  v a lu e s  i n  t h e  B e s t  w ere 

g r e a t e r  t h a n  t h o s e  i n  t h e  E a s t ,  i n d i c a t i n g  a d e c r e a s e  o f  

t e m p e r a t u r e s  i n  t h e  E a s t ,  a r e l a t i v e  t e m p e r a t u r e  i n c r e a s e  

e x i s t e d  i n  t h e  B e s t .

F ig u r e  13 d i s p l a y s  a t h i r d - o r d e r  f i t t i n g  o f  t h e  same 

d a t a .  The e q u a t i o n  u sed  t o  c a l c u l a t e  t h e  t e m p e r a tu r e  chan ge  

v a l u e s  was g iv e n  by :

Z = -0.54 + 0.53X - 0.40Y - 0.16X" - O.OIXY t 0.16Y^
+ O.OIX^ - O.OIX^Y 4- O.OIXY^ - O.OZY^

w here  Z was a g a in  t h e  a p p ro x im a te d  t e m p e r a tu r e  c h an g e  v a lu e ,  

X an d  Y were t h e  c o o r d i n a t e s  o f  t h e  s t a t i o n s .  The r e s u l t i n g  

s u r f a c e  had a  c o r r e l a t i o n  o f  0 .5 5  w ith  th e  o r i g i n a l  s u r f a c e ,  

a n d  t h e r e f o r e  e x p l a i n e d  t h i r t y - o n e  p e r  c e n t  o f  t h e  t o t a l  

v a r i a n c e  o f  t h a t  s u r f a c e .  The map d i s p l a y e d  i n  F ig u re  13 

show ed t h e  same g e n e r a l  p a t t e r n  s e e n  on  F ig u r e s  11 and 12, 

w i th  h i g h e s t  v a l u e s ,  i n d i c a t i n g  a  r e l a t i v e  i n c r e a s e  i n  tem p -
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p a o o ( j  

0 0 0 '  

.031

Figure 13;

I

Third-Order Trend Fitting to
the Surface of Changes in
Temperature

I



e r a t u r e ,  h av in g  o c c u r r e d  i n  t h e  W este rn  s t a t e s ,  and lo w e s t  

v a l u e s  d e te rm in e d  i n  t h e  E a s t .  More d e t a i l  was d i s p l a y e d  on 

t h e  t h i r d - o r d e r  map a s  more o f  t h e  " s i g n a l ” was u n c o v e re d .  

The s o u t h e r n  G r e a t  L akes  r e g io n  was a d i s t i n c t  " v a l l e y ” 

i n d i c a t i n g  maxinum d e c r e a s e  i n  t e m p e r a tu r e  i n  t h a t  r e g i o n .  

The n o r t h e r n  C a l i f o r n i a  and Oregon c o a s t s  showed a d e c r e a s e  

i n  t e m p e r a t u r e  t h a t  d id  n o t  show up w ith  th e  l i n e a r  f i t t i n g .  

Most o f  New E ng land  n o r t h  o f  New York a p p e a re d  t o  be a 

r e g i o n  o f  r e l a t i v e  t e m p e r a tu r e  i n c r e a s e ;  a p a t t e r n  a l s o  n o t  

fo u n d  i n  t h e  f i r s t - o r d e r  map.

A s i x t h - o r d e r  f i t t i n g  i s  d i s p l a y e d  in  F ig u re  14. The 

e q u a t i o n  needed t o  p ro d u ce  t h i s  s u r f a c e  was s i m i l a r  i n  form  

t o  t h o s e  p r e s e n t e d  f o r  t h e  o t h e r  two t r e n d - s u r f a c e  maps, b u t  

t h i s  e q u a t io n  had  t w e n t y - e i g h t  t e rm s  and i s  n o t  p r e s e n te d  

h e r e .  The s u r f a c e  form ed by th e  e q u a t io n  had a c o r r e l a t i o n  

c o e f f i c i e n t  o f  0 .7 0  w ith  t h e  o r i g i n a l  s u r f a c e ,  and e x p la in e d  

f o r t y - n i n e  p e r  c e n t  o f  t h e  t o t a l  v a r i a t i o n .  The Rocky Moun­

t a i n  s t a t e s  were d o m in a ted  by a t e m p e r a tu r e  i n c r e a s e ,  most 

o f  t h e  e a s t e r n  h a l f  o f  t h e  U n i te d  S t a t e s  d i s p l a y e d  a d e c l i n e  

i n  t e m p e r a t u r e .  Once a g a i n ,  th e  G re a t  Lakes r e g io n  showed a 

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

l o w e s t  t - v a l u e s  i n  t h e  c o u n t r y .  A se co n d  a r e a  o f  i n c r e a s e d  

t e m p e r a t u r e s  f e l l  a lo n g  th e  U n i te d  s t a t e s  -  Mexican b o r d e r ,  

a n o t h e r  i n  t h e  New E ngland  a re a  was o b s e rv e d .  K a ln ic k y  

(1974) r e p o r t e d  t h a t  a s e m i-p e rm a n e n t  u p p e r  l e v e l  r i d g e  o v e r  

t h e  R o c k ie s  e x i s t e d  d u r in g  t h e  m e r id io n a l  p e r io d  a l lo w in g
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f o r  a d v e c t i o n  o f  warmer t r o p i c a l  a i r  m asses  i n t o  t h e  w e s te rn  

s t a t e s .  k s e m i-p e rm a n e n t  u p p e r  l e v e l  t ro u g h  i n  t h e  e a s t e r n  

h a l f  o f  t h e  c o n t i n e n t  a l lo w e d  a g r e a t e r  f r e q u e n c y  o f  p o l a r  

a i r  m asses  to  p e n e t r a t e  t h e  E a s t ,  a c c o u n t in g  f o r  t h e  d rop  i n  

m o n th ly  t e m p e r a t u r e s .  The r e l a t i v e l y  h igh  v a l u e s  i n  New 

E n g la n d  i n d i c a t e d  t h a t  th e  t ro u g h  was p o s i t i o n e d  w e l l

b e h in d ,  o r  w e s t ,  o f  th e  r e g i o n ,  a l l o w i n g  g r e a t e r  f r e q u e n c i e s

o f  ml a i r  t o  have  p e n e t r a t e d  d u r in g  t h e  m e r id io n a l  p e r i o d .

O b v io u s ly ,  maps f o r  a l l  e l e v e n  v a r i a b l e s  c o u ld  be 

p r e s e n t e d  from  t h e  c l i m a t i c  c h an g e  m a t r i x ,  and e a c h  c o u ld  be 

d i s c u s s e d  s e p a r a t e l y  (see  A ppend ix  IV f o r  p r e s e n t a t i o n  o f  

t h e s e  m ap s ) , A p r i n c i p l e - c o m p o a e n t s  f a c t o r  a n a l y s i s  was 

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

s h i p s  e x i s t e d  betw een  many o f  t h e  v a r i a b l e s  in  t h e  c l i m a t i c  

c h an g e  m a t r ix  ( s e e  T a b le  2 ) .  F iv e  o r t h o g o n a l  f a c t o r s  p ro d ­

u c e d  e ig e n v a l u e s  g r e a t e r  th a n  o n e ,  an d  t h e s e  f i v e  f a c t o r s  

a c c o u n te d  f o r  s e v e n ty - o n e  p e r  c e n t  o f  t h e  t o t a l  v a r i a n c e  in  

t h e  o r i g i n a l  ch an ge  m a t r ix .  The f a c t o r s  were o r t h o g o n a l l y  

r o t a t e d  i n  su ch  a way a s  t o  p a s s  th ro u g h  c o r r e l a t i o n  c l u s ­

t e r s  i n  n - s p a c e ,  a l l o w in g  f o r  more p r e c i s e  i n t e r p r e t a t i o n  o f

t h e  f a c t o r s .  The l o a d in g s  f o r  e a c h  v a r i a b l e  on each  f a c t o r  

( s e e  T a b le  3) d i s p l a y e d  t h e  c o r r e l a t i o n  betw een  t h e  v a r i a b l e  

a n d  t h e  f a c t o r .  F a c t o r  s c o r e s  f o r  e a c h  s t a t i o n  were c a l c u ­

l a t e d  from  each  e i g e n v e c t o r ,  and  th e  r e s u l t s  were mapped.

F a c t o r  1 a c c o u n te d  f o r  t w e n t y - t h r e e  p e r  c e n t  o f  t h e  

t o t a l  v a r i a n c e  i n  t h e  ch an ge  m a t r ix  and  was c l e a r l y  dom i-
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T a b le  2

C o r r e l a t i o n  M a tr ix  o f  V a r i a b l e s  i n  t h e  

C l i m a t i c  Change M a t r ix

1 2 3 4 5 6 7 8 9 1 0 1 1

P s r 1 . 0 0  . 1 0 . 1 2 - . 0 7 - . 1 8 — . 08 . 0 1 . 0 1 .08 .1 4 . 1 0
Temp 1 . 0 0 .0 3 .0 6 - . 1 9 - . 2 5 . 0 1 - . 0 9 - . 0 9 . 0 1 . 0 1
Hum 1 . 0 0 .0 5 .0 3 . 1 0 - . 0 7 .08 .0 5 - . 0 3 —. 06
P re c 1 . 0 0 . 5 4 - . 1 1 . 0 1 .0 7 — .0 8 - .  15 - .  13
P re c D 1 . 0 0 . 0 1 - . 0 2 . 0 9 - . 0 2  ■- . 1 2 - . 2 2
Wind S 1 . 0 0 . 1 8 .2 7 .5 9 . 0 1 .0 5
Wind N orth 1 . 0 0 .1 7 . 1 2 .0 7 .1 6
Wind West 1 . 0 0 ,2 7 . 0 2 ,0 9
S es Wind S 1 . 0 0 . 6 6 .4 5
P e r s i s t  Y 1 . 0 0 .6 4
P e r s i s t  M 1 . 0 0

r a t e d  by t h e  v a r i a b l e s  a s s o c i a t e d  w i t h  wind p e r s i s t e n c e .  

The l o a d i n g s  w ere h i g h e s t  on wind p e r s i s t e n c e  c a l c u l a t e d  by 

y e a r s  ( 0 ,9 3 ) ,  wind p e r s i s t e n c e  by c a l e n d a r  m onths (0 .82) , 

and  r e s u l t a n t  wind sp e e d  ( 0 .7 6 ) .  F i g u r e  15 d i s p l a y s  t h e  

s p a t i a l  p a t t e r n  i n  t h e  f a c t o r  s c o r e s  from  t h i s  wind p e r s i s t ­

e n c e  com ponent i n  t h e  d a t a .  T h is  s i x t h - o r d e r  f i t t i n g  t o  t h e  

o r i g i n a l  s u r f a c e  a c c o u n te d  f o r  o n ly  tw e n ty  p e r  c e n t  o f  t h e  

v a r i a n c e  i n  t h e  o r i g i n a l  s u r f a c e .  The p a t t e r n  showed wind 

p e r s i s t e n c e  g e n e r a l l y  i n c r e a s e d  i n  t h e  s o u th w e s te rn  s t a t e s ,  

and  d e c r e a s e d  i n  an e a s tw a rd  d i r e c t i o n .  The g e n e r a l  d e c l i n e  

a c r o s s  t h e  e a s t e r n  one  h a l f  o f  t h e  U n i te d  S t a t e s  r e f l e c t e d  

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

-  8 8  -



T a b le  3

L o a d in g s  f o r  F iv e R o ta te d F a c to r s

F a c t o r s 1 2 3 4 5

P s r .1 7 .1 9 .37 - . 5 4 .03
Temp . 0 0 .05 .7 4 - .  1 2 .0 9
Hum - . 0 8 - . 0 7 - . 0 7 - . 8 2 - . 0 1
P re c - . 0 7 - . 8 7 .18 - . 0 3 .07
P r e c  D - . 0 9 — . 8 6 - . 2 1 .0 5 - . 0 1
Wind S . 1 2 . 1 2 — . 6 8 - . 1 8 .4 9
Wind N orth .0 7 .0 5 . 18 .2 5 .8 0
wind West .0 6 - . 1 4 - .  19 —. 2 2 .63
E es Wind S .7 6 . 0 1 - . 3 9 - . 1 9 .28
P e r s i s t  Y .9 3 .0 5 .03 - . 0 1 - . 0 7
P e r s i s t  a .8 2 .13 . 1 0 .0 9 .0 9

F a c t o r
V a r ia n c e 23% 16% 1 2 % 1 2 % 8 %

C u m u la t iv e
V a r ia n c e 23% 39% 51% 63% 71%

E ig e n v a lu e 2 .5 2 1 .7 6 1 .28 1 .16 1 .07

were a s s o c i a t e d  w i th  i n c r e a s e d  v a r i a b i l i t y  i n  wind 

d i r e c t i o n .  The se m i-p e rm a n e n t  r i d g e  i n  t h e  West f o r c e d  

t h e s e  c y c l o n i c  s to r m s  p o le w a rd ,  which m in im ized  th e  e f f e c t  

o f  t h e s e  s to r m s  on th e  S o u th w e s t .

F a c t o r  2 was d o m in a ted  by n e g a t iv e  l o a d i n g s  on t o t a l  

p r e c i p i t a t i o n  < -0 .87 ) and  p r e c i p i t a t i o n  days ( -0 .8 6 )  and was 

t h e r e f o r e  l a b e l e d  t h e  p r e c i p i t a t i o n  chang e  com ponen t. T hese  

f i r s t  tw o f a c t o r s  combined t o  a c c o u n t  f o r  t h i r t y - n i n e  p e r  

c e n t  o f  th e  t o t a l  v a r i a n c e  in  t h e  c h an g e  m a t r ix .  The map o f

- 89 -
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t h e  f a c t o r  s c o r e s  f o r  p r e c i p i t a t i o n  d i s p l a y e d  some 

d i s t i n c t i v e  s p a t i a l  p a t t e r n s  ( see  F i g u r e  16) , The f i t t i n g  

e x p la in e d  f i f t y - f o u r  p e r  c e n t  o f  t h e  v a r i a n c e  o f  t h e  o r i g i ­

n a l  s u r f a c e ,  and d i s t i n c t l y  u n c o v e red  t h e  u n d e r l y i n g  s t r u c ­

t u r e  i n  t h e  d a t a .  The n o r th w e s t e r n  s t a t e s  were do m ina ted  by 

i n c r e a s e d  p r e c i p i t a t i o n ,  t h e  p r a i r i e  s t a t e s  w ere  d o m in a ted  

by a m a jo r  d e c r e a s e  i n  p r e c i p i t a t i o n .  G e n e r a l l y ,  an 

i n c r e a s e  was o b se rv e d  i n  t h e  e a s t e r n  r e g i o n ,  w i th  e x c e p t i o n s  

a lo n g  t h e  C a r o l i n a  c o a s t  and in  n o r t h e r n  Hew E n g la n d . These 

f i n d i n g s  r e f l e c t e d  a s h i f t  in  t h e  c i r c u l a t i o n  sy s tem  o f  t h e  

a tm o s p h e re .  J u s t  ahead  o f  t h e  se m i-p e rm a n e n t  r i d g e  which 

b r o u g h t  t h e  warmer t e m p e r a tu r e s  t o  t h e  HccJcias, c o n v e rg e n c e  

a l o f t  i n h i b i t e d  v e r t i c a l  m o t io n s  i n  t h e  a tm o sp h e re  which 

p ro d u ce  p r e c i p i t a t i o n .  J u s t  ahead  o f  th e  t r o u g h  o f f  t h e  

C a l i f o r n i a  c o a s t  and t h e  t r o u g h  c e n t e r e d  o v e r  t h e  c e n t r a l  

U n i t e d  S t a t e s ,  d iv e r g e n c e  i n  t h e  u p p e r  l e v e l s  o f  th e  a tm o s­

p h e re  s u p p o r te d  v e r t i c a l  m o tio n s  i n  t h e  a tm o s p h e re ,  c r e a t i n g  

a g r e a t e r  p o t e n t i a l  f o r  p r e c i p i t a t i o n  f o r m a t io n .

F a c to r  3 was c h a r a c t e r i z e d  by a h ig h  lo a d in g  on 

a v e ra g e  m onth ly  t e m p e r a tu r e  (0 .74 )  and a l s o  had  a r e l a t i v e l y  

h i g h ,  b u t  n e g a t i v e ,  l o a d in g  w i th  wind speed  ( -0 .6 8 )  . I t  was 

i n t e r p r e t e d  a s  t h e  t e m p e r a tu r e  change  com ponen t, and when 

com bined w ith  f a c t o r s  1 and 2 ,  t h e  t h r e e  f a c t o r s  a c c o u n te d  

f o r  f i f t y - o n e  p e r  c e n t  o f t h e  t o t a l  v a r i a n c e  i n  t h e  change  

m a t r i x .  The s p a t i a l  p a t t e r n  shown i n  F ig u re  17 was v e ry  

s i m i l a r  t o  t h e  o n e s  found  when t e m p e r a tu r e  was d i s c u s s e d
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a lo n e  (see  F i g u r e s  11 th ro u g h  1 4 ) ,  The Rocky M ountain  

s t a t e s  became r e l a t i v e l y  w arm er, w i th  l i g h t e r  wind s p e e d s ,  

a s  t h e  s e m i-p e rm a n e n t  r i d g e  o v e r  t h e  r e g i o n ,  w ith  a s s o c i a t e d  

s u b s i d e n c e ,  a l lo w e d  a d v e c t i o n  o f  t r o p i c a l  a i r  m asses  i n t o  

t h e  r e g i o n .  The t r o u g h  o v e r  t h e  e a s t e r n  s t a t e s  a l lo w e d  

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

a t i n g  t h e  d e c l i n e  i n  a v e r a g e  t e m p e r a t u r e s .  The c e n t r a l  

p l a i n s  showed up a s  an a r e a  o f  maximum c o n v e rg e n c e  a s  t h e  

c i r c u l a t i o n  s h i f t e d ,  w ith  an  a s s o c i a t e d  c o o l in g  t r e n d  h a v in g  

o c c u r r e d  th r o u g h o u t  t h e  e a s t e r n  h a l f  o f  t h e  U n i te d  S t a t e s .  

B ind s p e e d s  g e n e r a l l y  i n c r e a s e d  th r o u g h o u t  much o f  t h e  

U n i t e d  s t a t e s ,  e x c e p t  i n  t h e  Rocky M ountain a r e a  which 

becam e d o m in a ted  by a  r i d g e  o f  h ig h  p r e s s u r e .

F a c t o r  4 was d o m in a ted  by  a n e g a t i v e  l o a d i n g  w i th  

r e l a t i v e  h u m id i ty  ( -0 .8 2 )  making i t  a r e l a t i v e  h u m id i ty  

c h a n g e  com ponen t, When com bined w ith  t h e  f i r s t  t h r e e  compo­

n e n t s ,  s i x t y  t h r e e  p e r  c e n t  o f  a l l  v a r i a n c e  was a c c o u n te d  

f o r .  The s p a t i a l  p a t t e r n  i s  d i s p l a y e d  in  a t r e n d - s u r f a c e  

map ( F ig u r e  18) w hich a c c o u n te d  f o r  f o r t y - f o u r  p e r  c e n t  o f  

t h e  v a r i a n c e  i n  t h e  h u m id i ty  s u r f a c e .  The s p a t i a l  p a t t e r n  

was s i m i l a r  t o  t h e  p a t t e r n  f o r  t h e  p r e c i p i t a t i o n  f a c t o r .  

The map showed t h a t  th e  w e s te rn  s t a t e s  and th e  e a s t  c o a s t  

s t a t e s  became more humid i n  t h e  m e r i d io n a l  p e r i o d ,  t h e  m id- 

w e s t e r n  s t a t e s  became s i g n i f i c a n t l y  d r i e r .  The t r o u g h  c e n ­

t e r e d  o v e r  t h e  m idw est a d v e c te d  c o l d ,  d ry  a i r  from  t h e  p o l a r  

r e g i o n ,  w here  th e  r i d g e  o v e r  t h e  R o c k ie s  a l lo w e d  m o is t ,

-  9 4  -
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444 coicouuq^loüo owooooooeoMhuoooeeooGoaouoeo
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  OOÜCL#ÜOUCCOOUUU 6 6 6 6 ü ! l f o H U b 6 6 a 6 6 6 b 6 6 &6 l ^  y Ci Ob Oi J

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  2 CCUUGOCCÜÜOUUUÜQOQ 6 W e e b 3 b e 6 6 Q G 6 6 0 6 6 y  ^ 6 6 6 6 ( 1  
. 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  0 0 0 5 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0  6 6 0 6 5 6 6 8 6 6 6 8 6 6 2 #  | t 6 6 6 U6 üG
• •  4 4 4 4 4  144 4 44 4 4 44  4 4 44  44 4 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  6 6 0 6  6 8 5 6 6 6 6 6 8 6 1  JtBbbübOU^
• • •  4 4 4 4 4 4 4 4 4 4 4  424  4 4 4 4 4 4 4 4 4  CCOUÛCOOOUOOüOOOOC 6 U b £ 6 W 6 U 3 6 6 3 u l ^ ) b 6 b 6 6 0
• 4 4 4  4 4 4 4 4 4 4  4 4 4 4 4  4 44  4 4 4 4 4 4  0ÜU3UÜ0U00UC0ÜGÜ0 6 6 0 6 6 6  I Ü 0 6 6 6 6 M i l 0 b 6 6 Ü 6 5 ( |

444444aJ^44 
, 4 4 4 4 4 # 4 4 4 4

l8l«

Ï6U 6 
5 0 0 0 0 1  

ÜOQCOQO 3 
~Q5Ü0Q0 4 4  44

ÿOCCÛOÜ 2 4 4 4 4 4 4 2 4 J  
^ O D C O l  4 4 4  444444vj

OCCOOO 4 4 4 4 4 4 4 4 4 1 1
ÜOOUCOOOUU04CCO e b b b € 5 6 6 6 6 6 6 8 2  0 0 6 0 6 6 6 6 5  l ï ïnUCCOQCUOC 4 4 4 2 4 4 l 4 4 4 j  

4 4 1 4 4 4 4 4  444  4 4 4 4 4 4  4 2 4 4 4  4 44  0 0 0 0 0 0 0 0 0 0 0 4 0 0  6 1 6 6 6 6 6 6 8 6 0 0 0 0 6 0 0 0 6 4 0 6 0 6  O ÜCC U 3 0 0 0 U 0 0  4 | 4 4 l 4 4 4 j  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  5 0 0 0 0 0 0 0 0 5 0 0 0  6 5 6 6 5 6 6 8 6 6 6 4 6 0 8 6 6 6 6 6 ËbbGbU Ü0C0UCC0GCG4 4 4 4 3 4 4 ]  

t  4 4 4 4 4 4 * 4 4 4 4 4 4 4 4 4 4 4  44 4 4 4  ÜÜÜÜUUOCQÜOQG 8 6 0 6 8 6 8 6 6 8 6 6 6 8 6 6 6 6 0 0 6 0 5 0 6 5  O 0 C0 0 UO0 OC 0 0 O4  ^  4  
. .  4 4 4 4 4 4 4 4 4 4 4 4 4 4  1 4 4 4 4 4 4 4 4

VOUl
4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

1 2 0 0 0 0 0 1 0 0 0  4
CCÛOÛOU

m # a * «
• • • • * • • • •  4 4 4 4 4 4 4 4 4

Class Intervals 
Factor Scores

- 0 . 7 t  - 0 . 1 4  0 . 3 6
- 0 . 1 4  0 . 3 6  0 . 0 2

mmsassjgaMmmm 
OOOOCOOOÜ 6 6 6 8 6 6 0 8 8  

4 4 4 4 4 4 4 4 4  CCLOCUUGU 0 8 8 8 6 0 0 6 0  
4 4 4 4 2 4 4 4 4  0 0 0 0 3 0 0 0 0  0 0 6 8 4 6 8 6 6  
4 - 4 4 4 4 4 4 4 4  OOOQCOCCÛ 6 6 0 0 0 8 6 0 8  
4 4 4 4 4 4 4 4 4  ÛCCQCOÜCU b w 6 8 8 8 8 0 6

ÜUUUÛCÜUUQQ 6 4  8 6 8 8 6 6 8 8 8 6 5 8 6 8 8 6 8 5 8 8 8  4 0 6 8 0  C400CC00CCl OOOf l  
4 O O U Ü U S O O Û 0 2 8 £ b b b Ë £ e Ë b 6 8 G b 8 b b b b 8 6 6 b 6 6 b e â  CCÜOOOOGCCOOOOûl 
4 OÜÜOGÛUGUCO £ 8 8 0 8 2 8 8 8 4 8 0 0 8 8 8 4 8 0 4 8 0 8 8 6 6 8  OCÜ00OCÜCÛ04OOQ 1 
443ÜUUÜ0ÜU0UUÜ 6 8 e b 6 8 0 8 8 b 8 G 8 6 ü b 8 8 6 b U 6 ü b b 8  C C C 0 C C 0 2 C0 Ü0 0 02  
4 4  4 OUOÙJtÜQUÜ e 3 8 6 e 6 6 6 6 8 6 3 8 8 8 b 8 b £ 8 6 8 8 6 6 8  CCOCCOCCCOOOOOO 
4 4 4 4  OÜOüÜbOObU ( J b b 0 b 8 8 8 8 8 d 0 b H b 8 e b ü B 6 6 0 Ü 8  C C Ü 0 0 0 4 0 4 0 0 Q 0 Q  0 8 '  
4 4 4 4 4  ÜUUOCOÜOCÜ 8 b £ W 8 £ £ 0 G 8 8 8 8 b 0 2 e b b 6 8 3  (JOCOOCCOCOOCOO* 8 j  
4 4 4 4 4 4  COCCOCC^OO £ 6 £ 6 £ G 6 6 £ b b U Ü Ü 0 8 8 S ^  Ü 0 03 C 0 S 0 C Ü C C C 00  
44  4 4 44  4 2 0 0 0 0 1 1 * ^ 0 0  b Ü 6 8 6 b d 8 8 8 8 8 U b 6 # k 0 Ü C 0 4 0 0 0 0 0 0 C C 0 2 0 j
4 4 4 4 4 4 4 4  CUGOlÆuOOC* £ £ 0 8 0 8 8 0 6 8 8 0  OUOCO0CC002ÛOCOÛOOJ 
4 4 4 4 4 4 4 4 4  CGUUCOOOOOOÜ OOdUObb 5 0 0 0 0 2 0 0U C Cl O Q Q O Q Q O ^  
4 4 4 4 4 4 4 4 4  OOOOCOOOCCOOOG 6 0 0 8 8  OOOOUOOÜ020CCOOOOU4(

0 0 0  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 I 3 C G 0 O C G A O C C 6 0 Û 3 O  8 8 4  8  OCDOOÛÛÛOÜOCOO*0 0 ^
0 0 0 0 0  4 4 4 4 4 4  OOÜOOCÜUÜCÛÜUOO 0  0  0  OOOÜOUOOUOOCCOÜOOj

UUÛOOCO OCOOCCCOOCCbUCCCO 8  0 0 0  0  OQQQOOÜUQOCOO
8b  COOOOOOOÜOCOOOUÜOOQOÜC 8 0 6 0 8 8 8 0 5 0 3  U0GÛU00C0Q3

0 6 0  OU6ÜÜO3 0 CC C0 0 C0 0  8 6 8 b £ 0 2 6 0 / ^ " 4 ^ 6 8  0 S „  OCCOOO

0 , 8 2
2 , 0 9

S S K S S K S S as
i o a i i o s H a

€ 0 8 8  4C00CÛ0Û1 3
0 6688 00 S

6 8 8 0 8 0 8 0 0  
6 8 8 6 6 3  
6

0000 
24j

6 6 € 6 â 6 6 ü 8 6 0

0  2 0 0  4 0 0  M ILES

3 0  3 0  31

Class Frequencies

, « « , i r a a a ,  
• s a a a M i i , ,
s s a a s a a s a a

33 30
Figure 18; Slxth-Order Fitting to a Surface

of Scores from Factor 4 - The
Relative Humidity Change Component

I



t r o p i c a l  a i r  t o  p e n e t r a t e  i n t o  t h e  w e s te rn  s t a t e s .  The 

c o n v e rg e n c e  i n  t h e  upper a tm o sp h e re  i n h i b i t e d  p r e c i p i t a t i o n  

f o r m a t io n  i n  t h e  p r a i r i e  s t a t e s ,  k e e p in g  p r e c i p i t a t i o n  down 

d e s p i t e  h ig h e r  r e l a t i v e  h u m i d i t i e s .  A lthough  t h e  l a r g e  

r e g i o n  o f  t h e  m idwest had t h e  l a r g e s t  d e c r e a s e s  i n  r e l a t i v e  

h u m id i ty ,  t h e  c o n v e rg en c e  i n  t h e  u p p e r  l e v e l s  o f  t h e  a tm o s­

p h e re  was n o t  a s  p e r s i s t e n t ,  and  g r e a t e r  p r e c i p i t a t i o n  

o c c u r r e d  when com pared t o  t h e  s t a t e s  s l i g h t l y  w estw ard .

The l a s t  f a c t o r  w ith  an e ig e n v a lu e  g r e a t e r  th a n  one 

had h i g h e s t  l o a d i n g s  w ith  t h e  n o r t h e r l y  wind com ponent 

(0 .8 0 )  and w ith  t h e  w e s t e r ly  wind com ponent (0 .63 ) and was 

t h e r e f o r e  l a b e l e d  t h e  n o r t h w e s t e r l y  wind change  com ponent. 

The f i v e  f a c t o r s  a c c o u n te d  f o r  s e v e n ty - o n e  p e r  c e n t  o f t h e  

t o t a l  v a r i a n c e  i n  t h e  c l i m a t i c  change  m a t r ix .  The s i x t h - o r ­

d e r  f i t t i n g  d i s p l a y e d  in  f i g u r e  19 a c c o u n te d  f o r  o n ly  tw en­

ty - tw o  p e r  c e n t  o f  t h e  t o t a l  v a r i a n c e  i n  t h e  s u r f a c e  p ro d ­

u ced  by t h e  f a c t o r  s c o r e s  o f  t h e  f i f t h  com po nen t.  The 

s i x t h - o r d e r  f i t t i n g  was d i f f i c u l t  t o  i n t e r p r e t  b e c a u se  b o th  

wind s p e e d s  and d i r e c t i o n a l  p e r s i s t e n c e  were in c lu d e d  in  

t h i s  com ponent. N o r th w e s te r ly  com ponen ts  d e c r e a s e d  i n  t h e  

West C o a s t  s t a t e s  i n  a s s o c i a t i o n  w i th  s o u t h w e s t e r l y  f lo w  

a l o f t  i n  t h e  m e r id io n a l  p e r i o d . They in c r e a s e d  downstream  

from th e  r i d g e  a x i s  i n  t h e  w e s te rn  G re a t  P l a i n s  where n o r ­

t h w e s t e r l y  f lo w  a l o f t  o c c u r r e d .  I n  t h e  e a s t e r n  s t a t e s ,  n o r ­

t h w e s t e r l y  com ponents d e c r e a s e d  i n  a s s o c i a t i o n  w ith  s o u th ­

w e s t e r l y  f low  a l o f t .  D e c re a s e s  i n  th e  n o r t h w e s t e r l y
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c om pon en ts  a l s o  o c c u r r e d  i n  t h e  G r e a t  l a k e s  a r e a  and i n  t h e  

s o u t h e r n  G r e a t  P l a i n s .

K a ln ic k y  (1974) d e m o n s tr a te d  t h a t  a r i d g e  was d e v e l ­

oped i n  t h e  u p p e r  a tm o sp h e re  o v e r  t h e  S o c k ie s  d a r i n g  t h e  

m e r i d i o n a l  p e r io d .  Over t h e  e a s t e r n  h a l f  o f  t h e  U n ited  

S t a t e s ,  an u p p e r  l e v e l  t r o u g h  a l s o  became p re d o m in a n t  i n  t h e  

m e r i d io n a l  y e a r s .  The e f f e c t  o f  t h e  change i n  c i r c u l a t i o n  

f low  was n o t e d  i n  c o m p o s ite  f a c t o r s  i n  t h i s  s e c t i o n .  Two 

f a c t o r s  (1 and 5) were d o m in a ted  by wind r e l a t e d  m ea su re s .  

F a c t o r  1 was a  wind p e r s i s t e n c e  c h an g e  com ponent which 

showed p e r s i s t e n c e  v a lu e s  t e n d e d  t o  d e c r e a s e  i n  t h e  e a s t e r n  

one h a l f  o f  t h e  U n i te d  S t a t e s  where i n c r e a s e s  in  f r o n t a l  

p a s s a g e s  o c c u r r e d  i n  th e  m e r id io n a l  p e r i o d .  I n  t h e  S o u th ­

w e s t  where c y c l o n ic  s to rm s  w ere d r iv e n  n o r th w a rd ,  p e r s i s t ­

e n c e  te n d e d  t o  i n c r e a s e .  F a c to r  5 was a n o r t h w e s t e r l y  wind 

ch an g e  com ponent which te n d e d  t o  g e n e r a l l y  d e c r e a s e  i n  a r e a s  

d o m in a te d  by s o u t h w e s t e r l y  w inds  a l o f t ,  and t e n d e d  to  

i n c r e a s e  i n  t h o s e  r e g i o n s  where n o r t h w e s t e r l y  f lo w  a l o f t  

o c c u r r e d  i n  t h e  m e r i d io n a l  p e r i o d .  The s p a t i a l  p a t t e r n s  

w ere r e l a t i v e l y  d i f f i c u l t  t o  i n t e r p r e t  p r o b a b ly  i n d i c a t i n g  

t h e  overw helm ing  a f f e c t  o f  l o c a l  c o n d i t i o n s ,  p a r t i c u l a r l y  

to p o g r a p h y ,  on wind p a r a m e t e r s .  The second  f a c t o r  was 

i n t e r p r e t e d  a s  a p r e c i p i t a t i o n  c h an g e  com ponent and i t  

showed t h a t  t h e  lo w e r  p l a i n s  became much d r i e r  a s  th e  c i r c u ­

l a t i o n  s h i f t e d  from a  z o n a l  t o  a m e r i d i c n a l  p a t t e r n ,  s u b s i ­

d e n c e  i n  t h e  u p p e r  a tm o sp h e re  was s u g g e s te d  a s  t h e  key i n
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r e s t r i c t i n g  p r e c i p i t a t i o n  o v e r  t h a t  r e g i o n .  F a c t o r  4 was a 

r e l a t i v e  h u m id i ty  c h an g e  com ponent i n  th e  d a t a  which d i s ­

p l a y e d  a  d e c r e a s e  i n  a tm o s p h e r ic  m o is tu r e  from  t h e  n o r t h e r n  

p l a i n s  th r o u g h  t h e  G re a t  L ak es , s u g g e s t i n g  t h a t  l i t t l e  m ois­

t u r e  was a d v e c te d  i n t o  t h e  r e g i o n  d u r i n g  t h e  m e r id io n a l  

p e r i o d .  M o is tu re  was a d v e c te d  i n t o  t h e  P l a i n s  where p r e c i p ­

i t a t i o n  l e v e l s  w ere low . T h e r e f o r e ,  e v en  th o u g h  s u f f i c i e n t  

m o is tu r e  was a v a i l a b l e  i n  t h e  s o u t h e r n  p l a i n s  s t a t e s ,  t h e  

u p p e r  l e v e l  f lo w  r e s t r i c t e d  t h e  d ev e lo p m en t o f  p r e c i p i t a ­

t i o n .  A t e m p e r a t u r e  change com p o n en t.  F a c to r  3 ,  showed t h a t  

t h e  a d v e c t i o n  o f  warm a i r  b e n e a th  t h e  r i d g e  i n  t h e  R o c k ie s  

d u r i n g  t h e  m e r i d io n a l  y e a r s  b r o u g h t  warmer t e m p e r a t u r e s  and 

d e c r e a s e d  wind v e l o c i t i e s  t o  t h e  r e g i o n ,  and  t h e  a d v e c t i o n  

o f  c o o l e r ,  p o l a r  a i r  m asses  i n t o  t h e  e a s t e r n  s t a t e s  b e n e a th  

a t r o u g h  lo w e re d  t e m p e r a t u r e s  and i n c r e a s e d  wind v e l o c i t i e s .  

I n  summary, t h e  o b se rv ed  p a t t e r n s  d e m o n s tr a te d  t h a t  a 

c h a n g e  i n  th e  u p p e r  l e v e l  c i r c u l a t i o n  was a s s o c i a t e d  w ith  

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

f i n d i n g s  i n  t h i s  s e c t i o n  were c l e a r l y  e x p la in e d  by t h e  s h i f t  

i n  t h e  c i r c u l a t i o n .  The f i n d i n g s  a l s o  s t r o n g l y  s u p p o r te d  

t h e  n o t io n  t h a t  t h e  g e n e r a l  c i r c u l a t i o n  o f  t h e  a tm o sp h e re  

f l u c t u a t e d  in  t h e  e a r l y  1950*s .
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CHAPTEH V

CH15GBS IN THE CONFIGOHATION CF ZONAL 

TO MERIDIONAL CLIMATIC REGIONS

R e s u l t s  and  A n a ly s e s  f o r  a Combined Z o n a l - M e r id io n a l

" A verage” Pe r i o d  

To p ro d u ce  maps o f  c l i m a t i c  r e g i o n s  f o r  t h e  two t im e  

p e r i o d s ,  t h e  d a t a  f o r  th e  c l i m a t i c  p a r a m e te r s  were f a c t o r  

a n a ly z e d  t o  t r a n s f o r m  t h e  o r i g i n a l  d a ta  o n to  o r th o g o n a l  

a x e s .  The f a c t o r  s c o r e s  from  t h e  com puted  e i g e n v e c t o r s  

became t h e  d a t a  which w ere c l u s t e r  a n a ly z e d  b a s e d  upon d i s ­

t a n c e s  i n  E u c l id e a n  s p a c e .  Only th e n  were s t a t i o n s  g rouped  

i n t o  d i s t i n c t i v e  c l i m a t i c  g ro u p s  b a se d  on d i s t a n c e  l e v e l s  i n  

t h e  com puted  phenogram . The r e s u l t s  may n o t  n e c e s s a r i l y  

h a v e  p ro d u c e d  c o n t i n u o u s  o r  hom ogeneous r e g i o n s .  The 

r e g i o n s  p ro d u ce d  may p o s s i b l y  b e a r  no re s e m b la n c e  to  p re c o n ­

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

t h e  U n i te d  S t a t e s ,

Most c l i m a t i c  c l a s s i f i c a t i o n s  t h a t  h av e  g a in e d  w ide 

a c c e p t a n c e  in  g eo g rap h y  have  been  b a se d  p r i m a r i l y  on te m p e r ­
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a t u r e  and  p r e c i p i t a t i o n  v a lu e s .  A p i l o t  s tu d y  by t h i s  

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

a t e d  a  c o n fu s e d  s p a t i a l  p a t t e r n ,  t h e r e f o r e ,  o n ly  t h e  two 

r a t h e r  commonly u sed  v a r i a b l e s ,  t e m p e r a tu r e  and p r e c i p i t a ­

t i o n  were em ployed . To d e v e lo p  a s e n s e  o f  some " a v e r a g e ” 

c o n d i t i o n ,  t h e  m onth ly  t e m p e r a tu r e  and  p r e c i p i t a t i o n  amounts 

w ere a v e ra g e d  f o r  a l l  tw e n ty  y e a r s ,  i n c l u d i n g  b o th  t h e  z o n a l  

and m e r id io n a l  p e r i o d s .  T h is  y i e l d e d  one v a lu e  f o r  tem p era ­

t u r e  f o r  each  month and one v a lu e  o f  p r e c i p i t a t i o n  f o r  each  

month f o r  a l l  one hundred  f i f t y - o n e  s t a t i o n s  i n  th e  s t u d y .  

T h is  m a t r ix  o f  s i x  c o lu m n s ,  one f o r  each  v a r i a b l e ,  and one 

h u n d red  f i f t y - o n e  ro w s , one f o r  e ac h  s t a t i o n ,  was t h e n  f a c ­

t o r  a n a ly z e d .  Two e i g e n v e c t o r s  em erged a s  s i g n i f i c a n t ;  f a c ­

t o r  1 was c l e a r l y  t h e  t e m p e r a tu r e  com ponent and f a c t o r  2  was 

d o m in a ted  by p r e c i p i t a t i o n  (see  T a b le  4 ) .

The f a c t o r  s c o r e s  f o r  eac h  s t a t i o n  were th e n  c l u s t e r  

a n a l y z e d ,  and a l i n k a g e  t r e e  was d e v e lo p e d  from  th e  r e s u l t s  

o f  t h e  d i s t a n c e  l e v e l  c a l c u l a t i o n s .  A c o p h e n e t i c  c o r r e l a ­

t i o n  was d e te rm in e d  t o  be 0 . 8 8  i n d i c a t i n g  t h a t  l i t t l e  d i s ­

t o r t i o n  e x i s t e d  be tw een  th e  im p l i e d  d i s t a n c e s  on th e  pheno­

gram ( l in k a g e  t r e e )  and  th e  a c t u a l  d i s t a n c e s  i n  E u c l id e a n  

s p a c e .  A d e c i s i o n  was th e n  made r e g a r d i n g  t h e  p ro p e r  d i s ­

t a n c e  t o  be  s e l e c t e d  which d i v id e d  t h e  s t a t i o n s  i n t o  c l i ­

m a t i c  g ro u p s .  I f  t h e  d i s t a n c e  l e v e l  s e l e c t e d  was to o  g r e a t ,  

t o o  few r e g i o n s  would have  d e v e lo p e d .  C o n v e r s e ly ,  a  v e ry  

low d i s t a n c e  l e v e l  would have  c r e a t e d  to o  many g r o u p in g s ,
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T a b le  4

L o ad in g s  f o r  Two S o ta te d  F a c t o r s  based  upon 

Combined Z o na l and m e r i d io n a l  Data

V a r ia b l e F a c to r  1 F a c to r  2

Temp (D) .9 7 .2 4
Temp (J) .9 6 .2 7
Temp (F) .9 7 . 2 2
P r e c i p  (D) . 2 1 ,9 6
P re c ip < J ) . 2 1 .9 7
P r e c i p  (F) .3 0 .9 4

F a c to r
V a r ia n c e 73% 26%

C u m u la t iv e
V a r ia n c e 73% 99%

E ig e n v a lu e s 4 .3 6 1 .56

n o t  a l lo w in g  f o r  any l a r g e  hom ogenecus p a t t e r n s  t o  be 

fo rm e d .  I n  t h a t  t h e  c a l c u l a t i o n s  w ere used  o n ly  t o  p ro d u ce  

an  a v e ra g e  p i c t u r e  from  which more s p e c i f i c  z o n a l  and m e r i ­

d i o n a l  r e g i o n s  were com pared , t h e  d e c i s i o n  t o  p ro d u ce  o n ly  

t e n  c l i m a t i c  r e g i o n s  was made. To o b t a i n  th e  t e n  r e g i o n s ,  

t h e  0 .8 5  pheoon l i n e  d iv id e d  t h e  phenogram  i n t o  e l e v e n  c l u s ­

t e r s ,  b u t  a s  s t a t i o n  142, T a to o sh  I s l a n d ,  W ash in g to n , was a 

s i n g l e  s t a t i o n  r e g i o n ,  i t  was e l i m i n a t e d  , l e a v in g  t h e  t e n  

r e g i o n s  d i s p l a y e d  i n  F ig u re  20. T a b le  5 shows t h e  a v e ra g e  

w i n t e r  t e m p e r a tu r e  and p r e c i p i t a t i o n  v a lu e s  f o r  e ach  s t a t i o n

-  1 0 2  -
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T a b l e  5

Combined Z o n a l  — M e r i d i o n a l  T e m p e ra tu re  and 

P r e c i p i t a t i o n  V a lu e s  by E e g io n s

S t a t i o n  
Region  Code S t a t i o n

W in te r
Temp.

W in ter
P r e c i p .

1 1 P o r t l a n d ,  ME 22. 57 3 .38
7 H a r t f o r d ,  CT 2 6 .6 9 3 .3 5
5 N a n t u c k e t ,  MA 3 2 .4 3 3 .94
8 New Haven, CT 2 9 .7 5 3 .5 4
6 P r o v i d e n c e ,  S I 2 9 .8 6 3 .62
4 B o s to n ,  MA 2 9 .8 4 3 .60

Means (1) 2 8 . 5 2 3 .5 7

2 11 New Y ork ,  NY 33.  10 3 .23
14 R e a d in g ,  PA 3 2 .2 9 3 .00
18 B a l t i m o r e ,  MD 3 5 .2 2 3. 10
64 L o u i s v i l l e ,  KY 3 5 .2 0 3 .1 7
65 E v a n s v i l l e ,  IN 3 4 .0 3 2 .9 5
70 P a r k e r s b u r g ,  WV 3 3 .6 1 2 .86
67 C i n c i n n a t i ,  OH 3 3 . 4 0 2 .90
17 T r e n t o n ,  NJ 32 .61 2 .8 5
13 P h i l a d e l p h i a ,  PA 33.  19 2 .9 3
95 C a i r o ,  XL 3 7 .7 1 3 .50
16 A t l a n t i c  C i t y ,  NJ 3 4 .7 6 3 .57
49 F o r t  S m i th ,  AS 4 1 .3 5 2.81
21 N o r f o l k ,  VI 4 1 .6 6 3 .27
27 B a l e i g h ,  NC 4 1 .6 2 3.21
20 L y n c h b u rg ,  VI 3 7 .7 3 2 .96
23 A s h e v i l l e ,  NC 3 8 .5 5 2 .9 6
25 G r e e n s b o r o ,  NC 39.  10 3 .23

143 M edford ,  03 3 9 .6 3 3.  10
22 Richmond,  VI 3 8 .7 9 3.11
19 W ash ing ton  DC 3 6 .3 5 2.81
12 H a r r i s b u r g ,  PA 3 1 .1 0 2 .65
75 E r i e ,  PA 28 .  11 2 .4 8
71 P i t t s b u r g h ,  PA 2 9 .4 3 2 .48
66 I n d i a n a p o l i s ,  IN 2 9 .2 9 2 .27
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station îintar Winter
Region Code Station Temp. Precip.

69 Dayton^ OH 2 9 .3 7 2 .2 3
68 Columbus ,  OH 3 0 .4 0 2 .29

138 Spokane ,  îA 2 9 .4 9 1.99
76 C l e v e l a n d ,  OH 2 8 .2 1 2 .13
78 F o r t  Wayae, IN 2 6 .2 4 1 ,95
15 S c r a n t o n ,  PA 2 7 .0 6 2 .08
97 S p r i n g f i e l d ,  IL 2 9 .  13 1.61
84 C h ic a g o ,  IL 2 6 .2 9 1 .55
96 P e o r i a ,  IL 2 6 . 3 4 1 .55
81 Grand R a p i d s ,  HI 2 5 .4 9 1 .72
79 D e t r o i t ,  MI 2 6 ,7 1 1.76
77 T o l e d o ,  OH 2 6 .3 0 1.79

9 A lb a n y ,  NÏ 2 3 .2 0 2 .2 2
73 R o c h e s t e r ,  NY 2 4 .9 3 2 .28
10 B ingham ton ,  NT 2 4 .2 7 2 .3 3
72 B u f f a l o ,  NY 2 5 .6 6 2 .84
74 S y r a c u s e ,  NY 2 4 .3 7 2 .8 6

2 C oncord ,  NH 22.  17 2 .6 2

Means (2) 31 .51 2 .50

93 Des Moines ,  lA 2 3 .6 6 1.14
112 M i s s o u l a ,  MT 2 4 .4 5 1.01
110 H avre ,  MT 1 9 .0 3 .42
111 H e le n a ,  MT 2 2 . 3 2 .46
116 L a n d e r ,  SY 2 1 .7 3 .56
113 M i le s  C i t y ,  MT 2 0 .7 4 .43
107 S io u x  C i t y ,  lA 2 1 .5 8 .74
106 V a l e n t i n e ,  NB 2 3 .6 6 .36
114 R a p id  C i t y ,  S3 2 5 .2 0 .46
118 N o r th  P l a t t e ,  SB 2 6 .7 6 .46
115 Cheyenne,  WY 2 7 .6 3 .49
105 Omaha, NB 2 5 .3 2 .8 6
117 S h e r i d a n ,  SY 2 4 .3 3 .67
109 B i l l i n g ,  MT 2 6 .4 4 .67
137 P o c a t e l l o ,  ID 2 6 .4 6 1.01
104 L i n c o l n ,  NB 2 7 .0 2 1.00
119 D e n v e r ,  CO 3 2 .2 8 .61
122 Dodge C i t y ,  KS 3 2 .5 8 .63
135 Grand J u n c t i o n ,  CO 3 0 .6 4 .60
120 P u e b l o ,  CO 3 1 .7 3 .38
101 S t .  J o s e p h ,  MO 2 9 .  11 1.26
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station Winter Winter
Region Cede Station Temp. Precip.

136 B oise^  ID 3 1 .8 8 1.28
134 S a l t  LaJce C i t y ,  OT 3 0 .6 8 1.25
103 Topeka ,  KS 3 1 .0 4 1 .25
123 W i c h i t a ,  KS 33 .4 1 1.12
132 Reno, NV 3 4 .  17 1.09
140 Yakima, WA 3 2 .0 2 1.11
133 l i n n e a a c c a ,  07 3 1 .6 0 .96
121 C o n c o r d i a ,  KS 2 9 .6 8 .85
139 W alla  W al la ,  WA 3 6 .5 0 1.78
99 Colum bia ,  MO 3 1 .8 0 1.64

100 K ansas  C i t y ,  MO 3 1 .9 3 1.56
102 S p r i n g f i e l d ,  MO 3 4 .4 6 1.81

98 S t .  L o u i s ,  MO 3 3 .2 0 1.92

Means (3) 2 8 .3 8 .94

87 D u l u t h ,  MH 12.45 .85
90 M i n n e a p o l i s - S t .  P a u l ,  MH 16 .7 6 .68

108 Huron,  SD 16 .54 . .52
89 W il l i s t o n ,  HD 14 .0 5 .47
88 B is m a rc k ,  HD 13. 10 .39
80 A lp e n a ,  MI 21 .  10 1.50
82 M a r q u e t t e ,  MI 2 0 .2 3 1.60
94 Dubuque, lA 2 1 .7 5 1.37
86 Milwaukee, WI 2 2 .6 6 1.40
92 M adison ,  WI 20 .3 6 1.09
91 La C r o s s e ,  WI 18.91 .87
85 Green  Bay, WI 18 .74 1.01
83 S a u l t  S t e .  M a r ie ,  MI 16 .29 1.80

3 B u r l i n g t o n ,  7T 18 .74 1.63

Means (4) 17 .98 1.09

28 W ilm ing ton ,  NC ■ 47 .  16 3 .42
30 C olum bia ,  SC 4 6 .7 5 3 .44

147 S a c ra m e n to ,  CA 4 7 .5 8 3 .47
29 C h a r l e s t o n ,  SC 4 9 .8 7 3 .28

148 San F r a n c i s c o ,  CA 5 1 .2 0 3 .96
48 S h r e v e p o r t ,  LA 4 8 .  18 4 .05
32 A u g u s ta ,  GA 4 7 .3 7 3 .80
34 J a c k s o n v i l l e ,  FL 56 .1 1 3 .14
57 H o u s to n ,  TX 5 4 .4 3 3 .52
56 G a l v e s t o n ,  TX 5 4 .8 6 3.41
40 A p a l a c h i c o l a ,  FL 5 4 .6 9 3 .4 5
33 Savannah ,  GA 5 1 .4 7 2 .92
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station Winter winter
Hegion Code station Temp. Precip.

Means (5) 5 0 .8 1 3 .49

60 C h a t ta n o o g a *  TS 41. 14 5 .35
1 W P o r t l a n d ,  OH 4 1 .7 9 5 .2 6
145 H o s e b u rg ,  OR 4 2 .8 2 5 .20
146 E u r e k a ,  CA 4 8 .5 7 5 .99

41 P e n s a c o l a ,  FL 5 3 .3 6 4 .5 7
58 P o r t  A r t u r ,  TX 5 3 .6 0 4 .57
47 New O r l e a n s ,  LA 5 4 .4 4 4.79
43 M o b i l e ,  AL 5 2 .3 5 5 .08
42 Birmingham, AL 4 5 .3 3 5.13
46 V i c k s b u r g ,  MS 4 8 .6 5 5.10
45 M e r i d i a n ,  MS 4 7 .4 6 4 .95
38 A t l a n t a ,  GA 44. 17 4 .45

141 S e a t t l e ,  WA 4 3 .2 3 4 .63
62 Memphis, TN 4 1 .7 4 4 .38
63 N a s h v i l l e ,  TN 3 9 .4 4 4 .30
51 K n o x v i l l e ,  TN 40.  10 4 .70
26 H a t t e r a s ,  NC 4 6 .4 9 4 .45
44 Montgomery, AL 4 9 .0 8 4.60
39 Macon, GA 48.  16 4.36
31 G r e e n v i l l e ,  SC 43.  19 4.15
50 L i t t l e  Rock, AH 4 2 .4 8 3.99
24 C h a r l o t t e ,  NC 42 .91 3 .73

Means (6) 4 5 .9 3 4 .72

37 Tampa, FL 6 1 .4 4 2 .62
150 Los A n g e le s ,  CA 5 7 .0 3 2 .52

59 San A n t o n i o ,  TX 5 2 .4 5 1.78
151 San D ie g o ,  CA 5 7 .1 2 1.73
53 C orpus  C h r i s t i ,  TX 5 7 .6 3 1.98

125 A b i l i n e ,  TX 4 5 .7 4 1.19
149 F r e s n o ,  CA 4 7 .5 0 1.70
54 D a l l a s ,  TX 4 6 .7 4 2 .50
55 F o r t  Worth,  TX 4 6 .3 0 2 .17
51 A u s t i n ,  TX 5 1 .1 4 2 .33

Means (7) 52 .31 2 .05

128 E l  P a s o ,  TX 4 6 .1 9 .49
126 A m a r i l l o ,  TX 3 7 .4 3 .72
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s t a t i o n  w i n t e r  W in te r
R egion Code S t a t i o n Temp. P r e c i p .

129 A lb u q u e rq u e ,  NM 37 .  17 .46
127 R o s w e l l ,  NR 4 0 .8 5 .58
124 Oklahoma C i t y ,  OK 3 9 .0 1 1.38

Means (8) 4 0 .  13 .7 2

9 130 P h o e n i x ,  AZ 5 3 .7 5 .69
131 Yuma, AZ 5 7 .7 5 .35

Means (9) 5 5 .7 5 .5 2

10 52 B r o w n s v i l l e ,  TX 6 1 .5 6 1.62
36 Miami,  FL 6 7 .8 5 2 .03
35 Key West, FL 7 0 .6 9 1.74

Means (10) 6 6 .7 0 1.80

11 142 T a to o s h  I s l a n d ,  WA 4 3 .5 3 10.00

and  t h e  mean v a l u e s  f o r  e a c h  of t h e  r e g i o n s .  L a r g e ,  

homogeneous r e g i o n s  d e v e lo p e d  o v e r  most  o f  t h e  U n i ted  S t a t e s  

e x c e p t  i n  a few i s o l a t e d  l o c a t i o n s ,  e s p e c i a l l y  a lo n g  t h e

s o u t h e r n  P a c i f i c  c o a s t .  The i n t e r p l a y  o f  a wide v a r i e t y  o f

s t a t i o n  e l e v a t i o n s ,  t o p o g r a p h y ,  and o cean  c u r r e n t s  p roduced  

t h e  d i v e r s i t y  o f  c l i m a t i c  t y p e s  i n  t h i s  r e g i o n .  The g o a l

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

and  t o  c h a r a c t e r i z e  eac h  on e ,  b u t  t o  n o t e  t h e  e x i s t e n c e  and 

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

were l a t e r  d e v e lo p e d  and d e t a i l s  r e g a r d i n g  eac h  f o l lo w  i n

t h i s  c h a p t e r .
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B e sa l - t s  and  A n a ly s e s  f o r  t h e  Z o n a l  P e r i o d  

The same p r o c e d u r e  u s e d  t o  c r e a t e  t h e  combined  z o n a l  

and m e r i d i o n a l  w i n t e r  c l i m a t i c  r e g i o n s  was a p p l i e d  t o  t h e  

z o n a l  d a t a  a l o n e .  A g a in ,  o n l y  t e m p e r a t u r e  and  p r e c i p i t a t i o n  

v a l u e s  were used  i n  t h e  p r i n c i p l e - c o m p o p e n t s  a n a l y s i s .  Two 

f a c t o r s  em erged ,  one  t e m p e r a t u r e  and  t h e  o t h e r  p r e c i p i t a ­

t i o n ,  which a c c o u n t e d  f o r  n i n e t y - e i g h t  p e r  c e n t  o f  t h e  t o t a l  

v a r i a n c e  i n  t h e  d a t a  s e t .  The l o a d i n g s  d i s p l a y e d  i n  T a b le  6 

showed t h a t  f a c t o r  1 was a  t e m p e r a t u r e  component  and f a c t o r

T a b le  5

L o a d in g s  f o r  Two R o t a t e d  F a c t o r s  b a s e d  on Z o n a l  Data

V a r i a b l e F a c t o r  1 F a c t o r  2

Temp (D) ,9 7 .25
Temp (J) .9 6 ,28
Temp (F) ,9 7 ,23
P r e c i p  (D) ,2 6 ,9 5
P r e c i p  (J) .2 2 .96
P r e c i p  (?) ,2 7 ,94

F a c t o r
V a r ia n c e 73% 25%

C u m u la t iv e
V a r i a n c e 73% 93%

E i g e n v a l u e s 4 .3 8 1.49

2 was a  p r e c i p i t a t i o n  com ponen t . The f a c t o r  s c o r e s  c a l c u -

l a t e d  from t h e s e  two com ponen ts were u se d  a s  t h e  b a s e  f o r
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t h e  c l u s t e r i n g  a l g o r i t h m .  A l i n k a g e  t r e e  ( s e e  F i g u r e  21) 

was d e v e lo p e d  b a s e d  on t h e  E u c l i d e a n  d i s t a n c e  i n  t h e  p r e c i p ­

i t a t i o n  and t e m p e r a t u r e  f a c t o r  s c o r e s  c a l c u l a t e d  f o r  e a c h  

s t a t i o n .  The c o p h e n e t i c  c o r r e l a t i o n  was fo un d  t o  be 0 . 9 3  

i n d i c a t i n g  l i t t l e  d i s t o r t i o n  e x i s t e d  be tween i m p l i e d  and 

a c t u a l  d i s t a n c e s  be tw een  t h e  s t a t i o n s ,

A phenon l i n e  o f  0 .7 7 3  d i v i d e d  t h e  s t a t i o n s  i n t o  

e l e v e n  g r o u p i n g s ,  b u t  a s  i n  t h e  combined  c a s e ,  T a to o sh  

I s l a n d ,  W ashing ton ,  s t o o d  f a r  a l o n e  a s  a s i n g l e  s t a t i o n  win­

t e r  c l i m a t i c  r e g i o n ,  and  was e l i m i n a t e d ,  l e a v i n g  t e n  c l i ­

m a t i c  r e g i o n s  (see  F i g u r e  2 2 ) .  T a b le  7 c o n t a i n s  a l i s t i n g  

o f  t h e  s t a t i o n  names,  by z o n a l  c l i m a t i c  r e g i o n s ,  w i th  temp­

e r a t u r e  and p r e c i p i t a t i o n  d a r a .  The v a l u e s  a r e  t h e  z o n a l  

w i n t e r  means p rod u ced  by a v e r a g i n g  t h e  z o n a l  m on th ly  means.

The l a r g e s t  f e a t u r e  i n  t h e  p a t t e r n  was a l a r g e  c l i ­

m a t i c  r e g i o n  (4) e x t e n d i n g  from th e  Eocky M o u n ta in s  to  s t a ­

t i o n s  i n  P e n n s y l v a n i a .  When compared t o  d a t a  f o r  t h e  r e s t  

o f  t h e  U n i t e d  S t a t e s  ( see  F i g u r e  23) ,  i t  became o b v io u s  t h a t  

t h i s  g rou p  was marked by c o o l  t e m p e r a t u r e s  (27 .78  d e g r e e  

a v e r a g e )  and below a v e r a g e  p r e c i p i t a t i o n  l e v e l s  (1 ,3 0  i n c h e s  

on a v e r a g e ) .  The New E n g lan d  r e g i o n  ( 1 ) ,  e x t e n d e d  from New 

York S t a t e  t h r o u g h  M aine ,  was marked by  s i m i l a r  c o o l e r  t h a n  

n o r m a l  a v e r a g e  monthly  t e m p e r a t u r e s  (25 .46  d e g r e e s )  and  

g r e a t e r  t h a n  a v e r a g e  p r e c i p i t a t i o n  v a l u e s  ( 2 .7 7  i n c h e s ) .

A l a r g e  r e g i o n  (2) e x te n d e d  from t h e  m i d - A t l a n t i c  

s t a t e s  t h r o u g h  t h e  c o n t i n e n t a l  i n t e r i o r  t o  A r k a n s a s .  I t  was

-  1 1 0  -
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Figure 21; Continued 
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T a b le  7

L i s t i n g  o f  T e m p e ra tu re  and P r e c i p i t a t i o n  V a lu e s  

By Z ona l  C l i m a t i c  R e g io n s

Region
S t a t i o n

Code S t a t i o n
W in te r

Temp.
W inter  
P r e c i  p .

l a 1 P o r t l a n d ,  BE 2 2 .5 3 3.36
7 H a r t f o r d ,  CT 2 7 .3 8 3.31
5 H a n tu c k e t ,  MA 3 2 .5 8 3 .5 7
8 New Haven, CT 2 9 .8 4 3.60
6 P r o v i d e n c e ,  HI 3 0 .5 3 3.46
4 B o s to n ,  MA 2 9 .7 8 3.  16

Means ( la) 2 8 .7 7 3.41

1b 3 B u r l i n g t o n ,  VT 19.01 1.66
83 S a u l t  S t e .  M a r ie ,  MI 17 .3 9 1.74

9 A lb a n y ,  NY 2 3 .3 5 2.11
73 R o c h e s t e r ,  NY 25 .2 1 2 .27
10 Bingham ton ,  NY 2 6 .0 8 2 .26
72 B u f f a l o ,  NY 2 6 .1 0 2 .75
74 S y r a c u s e ,  NY 2 4 .5 5 2 .85

2 C o nco rd ,  NH 2 2 . 0 5 2.61

Means (1b) 2 2 .9 7 2.28

Means (1) 2 5 .4 6 2 .77

2 19 W ash in g ton ,  DC 3 6 .8 9 2 .8 5
22 Richmond, V A 3 9 .6 3 2 .85

143 M edford ,  OH 4 0 .0 2 2 .85
23 A s h e v i l l e ,  NC 3 8 .9 1 2.91
25 G re e n s b o ro ,  NC 3 9 .5 4 3 .00
20 L y n ch bu rg ,  VA 3 8 .7 6 3.00
27 R a l e i g h ,  NC 4 2 .6 3 3 .0 6
21 N o r f o l k ,  VA 4 2 .7 3 3 .04
49 P o r t  S m i th ,  AS 4 1 .5 9 3.40
50 L i t t l e  Rock, AH 4 2 .8 8 3 .73
24 C h a r l o t t e ,  NC 4 3 .6 5 3 .75
13 P h i l a d e l p h i a ,  PA 34 .  19 2.98
65 E v a n s v i l l e ,  IN 3 4 .5 8 2 .83
70 P a r k e r s b u r g ,  av 3 4 .2 3 2.83
67 C i n c i n n a t i ,  OH 3 4 .1 2 2 .82
17 T r e n t o n ,  NJ 3 2 .7 6 2 .72
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station ainter Sinter
Region Code Station Temp. Precip.

Sa

14 R e a d in g ,  PA 3 2 .5 0 2.91
95 C a i r o ,  IL 3 8 .1 5 3.41
64 L o u i s v i l l e ,  Kl 3 5 .8 0 3 .07
18 B a l t i m o r e ,  HO 3 6 .9 7 3 .18
16 A t l a n t i c  C i t y ,  NJ 3 5 .6 2 3.48
11 Ne* York,  NY 3 2 .9 8 3.21

Means (2) 3 7 .6 9 3 .08

87 D u l u t h ,  MN 14,30 .76
89 H i l ü s t o n ,  SD 1 4 .7 0 .47
88 B ism a rc k ,  NO 13 .80 .33
90 M i n n e a p o l i s - S t .  P a u l ,  MN 1 7 .6 4 .74

Means (3) 15 .11 .57

104 L i n c o l n ,  NB 2 7 .5 0 1.18
117 S h e r i d a n ,  SY 2 4 .2 9 .71
112 M i s s o u l a ,  MT 2 5 .2 6 .87
137 P o c a t e l l o ,  ID 2 6 .3 1 1.01
105 Omaha, NB 2 5 .8 4 .96
115 Cheyenne ,  HY 2 7 .5 3 .62
118 N or th  P l a t t e ,  NB 28 .  14 .48
109 B i l l i n g s ,  MI 26 .  19 .55
114 Rapid C i t y ,  SD 2 5 .5 3 .41
106 V a l e n t i n e ,  NB 2 4 .5 2 .47
111 H e le n a ,  MT 2 1 .7 5 .42
113 M ile s  C i t y ,  MT 2 1 .5 1 .36
108 Huron ,  SD 18 .0 0 .47
116 L a n d e r ,  ¥Y 2 0 .7 1 .58
110 Harve ,  MT 1 9 .6 3 .42
107 S io u x  C i t y ,  SD 2 2 .3 5 .74
121 C o n c o r d i a ,  KS 3 0 .2 4 .95
140 Yakima, WA 3 2 .5 3 1.00
133 Winnemucca, NV 3 1 .7 2 1.05
132 Reno, NT 3 4 .3 1 .98
122 Dodge C i t y ,  KS 3 2 .7 1 .81
136 B o i s e ,  ID 3 1 .6 4 1.26
134 S a l t  Lake C i t y ,  DT 3 0 .6 3 1.29
135 • Grand J u n c t i o n ,  CO 3 0 .8 6 .58
120 P u e b l o ,  CO 3 1 .7 3 .42
119 D e n v e r ,  CO 3 3 .3 4 .53

Means (4a) 2 7 .1 1 .7 4
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station Winter Winter
Region Code Station Temp. Precip,

4b

5a

15 S c r a n t o n ,  PA 2 8 .0 3 1.89
84 C h ic a g o ,  IL 2 6 .9 0 1.61
96 P e o r i a ,  IL 2 7 .2 8 1.69
81 Grand R a p id s , 2 7 .0 1 1.66
79 D e t r o i t ,  MI 2 6 .9 8 1.70
77 T o le d o ,  OH 2 7 .1 7 1.70
78 F o r t  Hayne, IN 2 6 .7 5 1.90
93 Des Moines,  lA 2 5 .1 2 1.28
94 Dubuque, lA 2 3 .8 5 1.38
86 Milwaukee,  WX 2 3 .7 3 1.42
85 Green Bay, WI 2 0 .2 9 1.16
91 La C r o s s e ,  WI 19. 49 1.10
92 M adison ,  WI 2 1 .4 3 1.30
82 M a r q u e t t e ,  MI 2 1 .0 8 1.70
80 A lp e n a ,  MI 2 2 .5 7 1.60
97 S p r i n g f i e l d ,  IL 3 0 .4 8 1.77

138 Spokane ,  WA 3 0 .1 0 1.69
101 S t .  J o s e p h ,  MO 30. 13 1.58
100 Kansas  C i t y ,  MO 3 2 .0 4 1.68
103 Topeka ,  KS 3 2 .2 3 1.59

99 C olum bia ,  MO 3 2 .6 0 1.86
102 S p r i n g f i e l d ,  MO 3 4 .  68 1.98

98 S t .  L o u i s ,  MO 34.51 2 .07
139 W alla  W al la ,  HA 3 6 .0 4 1.72
123 W ic h i t a ,  KS 3 3 .9 0 1.51

66 I n d i a n a p o l i s ,  IN 30.  17 2.03
63 Columbus,  OH 3 1 .5 8 2 .16
76 C l e v e l a n d ,  OH 2 8 .9 7 2.08
69 D ayton ,  OH 2 9 .9 8 2 .28
12 H a r r i s b u r g ,  PA 3 1 .6 5 2 .42

Means (4b) 2 8 .3 3 1.76

Means (4) 2 7 .7 8 1.30

31 G r e e n v i l l e ,  SC 4 3 .5 4 4.01
141 S e a t t l e ,  WA 4 3 .2 7 4.31
38 A t l a n t a ,  GA 44. 64 4.30
62 Memphis, IN 4 2 .0 5 4.31
63 N a s h v i l l e ,  TN 3 9 .9 1 4.20

145 B o sebu rg ,  OR 4 3 .1 6 4.71
61 K n o x v i l l e ,  IN 40 .61 4 .57

Means (5a) 4 2 .4 6 4 .34
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s t a t i o n  W in te r  W inter
Region Code S t a t i o n Temp. P r e c i j

5b 60 C h a t t a n o o g a ,  TN 4 1 .4 7 5 .56
144 P o r t l a n d ,  OH 4 2 .7 3 5 .5 5
146 E u r e k a ,  CA 4 8 .5 8 5 .95

45 H e t i d i a n ,  as 4 8 .2 3 5 .2 5
46 V i c k s b u r g ,  MS 4 9 .2 2 5 .32
42 Birmingham, AL 4 5 ,6 9 5 .22

Means (5b) 4 5 .9 9 5 .4 7

5c 41 P e n s a c o l a ,  FL 53 .9 9 4 .5 5
47 Hew O r l e a n s ,  LA 5 5 .5 7 4.79
58 P o r t  A r t h u r ,  TX 5 4 .1 7 4 .74
43 M o b i l e ,  AL 5 3 .0 6 4.78

148 San F r a n c i s c o ,  CA 5 2 .1 7 4. 18
39 Macon, GA 4 8 .2 9 4.21
44 Montgomery,  AL 5 0 .0 2 4 .5 5
48 S h r e v e p o r t ,  LA 4 8 .4 5 4 .50
26 H a t t e r a s ,  NC 4 6 .9 7 4 .56

Means (5c) 5 1 .4 1 4 .53

Means (5) 4 7 .0 8 4 .73

6 35 Key West,  FL 7 1 .1 0 1.66
36 Miami,  FL 5 8 .2 1 1.92

Means (6) 6 9 .6 5 1.79

7 52 B r o w n s v i l l e ,  TX 61 .8 3 1.50
131 Yuma, AZ 57 .11 .39
130 P h o e n i x ,  AZ 5 4 .0 6 .76

Means (7) 5 7 .6 7 .88

8 53 Corpus C h r i s t i ,  TX 5 7 .9 5 1.83
151 San Diego, .  CA 5 6 .5 6 2.23

59 San A n t o n i o ,  TX 5 2 .6 0 1.79
37 Tampa, FL 6 2 .2 3 2.51

Means (8) 57 .3 3 2 .09

9a 124 Oklahoma C i t y ,  OK 39 .8 5 1.65

9b 126 A m a r i l l o ,  TX 3 7 .5 3 .81
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station Sinter sinter
Region Code station Temp, Precip.

10

11

129 A l b u g u e rg u e ,  NM 3 7 .2 6 ,4 8
127 Roswell*  Sh 4 1 .6 4 ,6 2
128 E l  P a s o ,  TX 4 6 ,3 9 ,5 5
149 P r e s n o ,  CA 4 7 ,8 7 1 ,67
125 A b i l i n e ,  TX 45 ,  99 1 ,26

Means (9b) 4 2 ,7 8 ,39

Means (9) 4 2 ,3 6 1,01

29 C h a r l e s t o n ,  SC 5 0 .8 8 3,11
55 F o r t  S o r t h h ,  TX 4 6 .7 5 2 ,4 3
54 D a l l a s ,  IX 4 6 .8 4 2,71
30 C o lu m b ia ,  SC 4 7 .6 3 2 ,8 7
51 A u s t i n ,  TX 5 1 .  16 2 ,4  7
33 S av a n n ah ,  GA 5 2 ,8 0 2 ,81
40 A p a l a c h i o l a ,  FL 5 5 ,2 3 3 .73
57 H o u s to n ,  TX 5 4 .8 1 3 ,4 7
56 G a l v e s t o n ,  TX 5 5 ,3 1 3 ,60

150 Los A n g e l e s ,  CA 57 ,  17 2 .9 5
34 J a c k s o n v i l l e ,  FL 5 7 ,0 4 3 ,1 7
32 A u g u s ta ,  GA . 4 8 ,3 7 3 ,4 2

147 S a c ra m e n to ,  CA 4 7 ,9 0 3 ,58
28 W ilm ing ton ,  HC 47 ,  86 3 ,50

Means (10) 51 ,4 1 3. 13

142 T a to o s h  I s l a n d ,  WA 4 3 ,7 5 9 ,49

a r e g i o n  marked by above a v e r a g e  t e m p e r a t u r e s  (3 7 ,59  

d e g r e e s )  and above  a v e r a g e  p r e c i p i t a t i o n  ( 3 .0 8  i n c h e s ) ,  

a n o t h e r  l a r g e  r e g i o n  (5) encom p assed  m os t  o f  t h e  G u lf  s t a t e s  

r e g i o n  and  v a s  marked by s t i l l  h i g h e r  t e m p e r a t u r e s  (47 .08  

d e g r e e s )  and r e l a t i v e l y  h i g h  p r e c i p i t a t i o n  l e v e l s  (4 ,7 3  

i n c h e s ) .  A n o th e r  c l i m a t i c  t y p e  (10) f l a n k e d  t h i s  " S o u t h e r n "  

w i n t e r  c l i m a t i c  r e g i o n  and was c h a r a c t e r i z e d  by h i g h
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t e m p e r a t u r e s  (51 .41  d e g re e s )  and  l o w e r  p r e c i p i t a t i o n  v a l u e s  

( 3 .1 3  i n c h e s )  . S e v e r a l  s m a l l e r  r e g i o n s  (5 and 8) were found  

e g u a t o r w a r d  o f  t h e s e  r e g i o n s  and were marked by h i g h  t em per­

a t u r e s  (6 9 .6 5  d e g r e e s  f o r  r e g i o n  6 and  5 7 .3 3  d e g r e e s  f o r  

r e g i o n  8) and s u r p r i s i n g l y  low p r e c i p i t a t i o n  amounts  (1 .79  

i n c h e s  f o r  r e g i o n  6 and 2 .0 9  i n c h e s  f o r  r e g i o n  8) due t o  

d e c r e a s e d  c o n v e c t i v e  a c t i v i t y .  Region  9 was t h e  c h a r a c t e r ­

i s t i c  S o u th w e s t  r e g i o n  w i th  h i g h e r  t h a n  a v e r a g e  t e m p e r a t u r e s  

( 4 2 .3 6  d e g r e e s )  and v e ry  low r a i n f a l l  amounts  (1 .0 1  i n c h e s ) .  

S t a t i o n s  i n  r e g i o n  7 showed even h i g h e r  t e m p e r a t u r e s  (57 .67  

d e g r e e s )  and  l o w e r  p r e c i p i t a t i o n  v a l u e s  (0 .8 8  i n c h e s ) . 

R eg ion  3 was one o f  e x t r e m e l y  c o l d  t e m p e r a t u r e s  (15.11 

d e g r e e s )  and lo w e r  thain a v e r a g e  p r e c i p i t a t i o n  amounts  (0 .57  

i n c h e s ) . The p a t t e r n  a lo n g  t h e  west  c o a s t  d i s p l a y e d  a good 

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

one  l a r g e  c o n t i n u o u s  r e g i o n  (5) b e i n g  found i n  t h e  N or th ­

w e s t .  I t  was a r e g i o n  o f  above a v e r a g e  t e m p e r a t u r e s  and 

v e r y  h i g h  p r e c i p i t a t i o n  amounts  d e s c r i b e d  a b o v e .

These  p a t t e r n s  were v a l i d  f o r  t h e  w i n t e r  component 

o f  c l i m a t e  b a s e d  upon t e m p e r a t u r e s  and  p r e c i p i t a t i o n  v a lu e s  

f o r  t h e  y e a r s  1940 t h r o u g h  1949. I t  r e p r e s e n t e d  on ly  one 

i n t e r p r e t a t i o n  o f  t h e  c l u s t e r i n g  where t e n  c l i m a t i c  r e g i o n s  

w ere  c h o s e n .  I f  seme phenon l i n e  o t h e r  t h a n  0 .77 3  was 

drawn th r o u g h  t h e  phenogram, t h e  r e g i o n s  were f u r t h e r  

d i v i d e d  c r e a t i n g  a d i f f e r e n t  p a t t e r n .

A phenon l i n e  a t  t h e  0 .7 00  d i s t a n c e  l e v e l  d i v i d e d  t h e
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s t a t i o n s  i n t o  s i x t e e n  w i n t e r  c l i m a t i c  r e g i o n s ,  b u t  a s  two 

s t a t i o n s ,  Oklahoma C i t y ,  Oklahoma and T a to osh  I s l a n d ,  Wash­

i n g t o n ,  formed s i n g l e  s t a t i o n  r e g i o n s ,  on ly  f o u r t e e n  r e g i o n s  

were r e c o g n i z e d .

The l a r g e  r e g i o n  c o v e r i n g  most  o f  t h e  i n t e r i o r  

U n i t e d  s t a t e s  i n  t h e  t e n  r e g i o n  p a t t e r n  was c u t  i n  h a l f  w i th  

t h e  w e s t e r n  s e c t i o n  (ha) b e in g  d o m ina ted  by p r e c i p i t a t i o n  

am oun ts  below t h o s e  o f  t h e  e a s t e r n  one  h a l f .  G e n e r a l l y ,  

m onth ly  p r e c i p i t a t i o n  v a l u e s  were below 1,25 i n c h e s  i n  t h e  

w e s t e r n  s e c t i o n .  Region 1 was s u b d i v i d e d  on t h e  b a s i s  o f  

p r e c i p i t a t i o n  with  l a r g e r  amounts  ( a l l  above 3 .0 0  i n c h e s )  

r e c o r d e d  on t h e  seaw ard  p o r t i o n  o f  t h e  r e g i o n .  The r e g i o n  

(5) t h a t  c o v e r e d  much o f  t h e  South  s u d i v i d e d  i n t o  t h r e e  

s u b r e g i o n s .  An i n t e r i o r  r e g i o n  (5a) was r e l a t i v e l y  c o o l  

(h2 .h 6  d e g re e s )  and  d ry  (h .3h  i n c h e s )  compared t h e  o t h e r  

s u b d i v i s i o n s ,  t h e  s e m i c o a s t a l  r e g i o n  (5b) was t h e  w e t t e s t  o f  

t h e  t h r e e  ( a l l  above 5 .0 0  i n c h e s ) ,  r e f l e c t i n g  an i n c r e a s e  i n  

l o c a l  r e l i e f  f o r  t h e  a r e a .  The c o a s t a l  g ro up  o f  s t a t i o n s  

(5c) was d o m in a ted  by  t h e  h i g h e s t  t e m p e r a t u r e s  (51. h i  

d e g r e e s )  and s u r p r i s i n g l y  low p r e c i p i t a t i o n  amounts  (h .53  

i n c h e s ) .

The l a r g e  S o u t h w e s t e r n  r e g i o n  (9) r e m a in e d  unchanged 

e x c e p t  t h a t  Oklahoma C i t y ,  Oklahoma, was l e f t  t o  form a s i n ­

g l e  s t a t i o n  r e g i o n .  The l o c a t i o n  o f  Oklahoma C i t y  on t h e  

s c a t t e r  d iag ram  i n  f i g u r e  23 showed i t  to  be  a r e l a t i v e l y  

c o o l  (39 .85  d e g re e s )  and wet (1 .6 5  i n c h e s )  s t a t i o n  compared
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t o  t h e  r e s t  i n  r e g i o n  9 .  The r e m a i n i n g  r e g i o n s  were a i l  t h e  

same a s  t h o s e  fo u n d  when t h e  0*773 phenon  l i n e  was u s e d .

The f o c u s  o f  t h i s  s e c t i o n  o f  t h e  i n v e s t i g a t i o n  was 

n o t  t o  d e r i v e  a  c l a s s i f i c a t i o n  o f  t h e  w in t e r  component  o f  

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

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

c i r c u l a t i o n  o f  t h e  a tm o s p h e r e .

R e s u l t s  and A n a ly s e s  f o r  t h e  M e r i d i o n a l  P e r i o d  

To compare d i f f e r e n c e s  i n  t h e  c o n f i g u r a t i o n  o f  t h e  

c l i m a t i c  r e g i o n s  be tw een  th e  two t im e  p e r i o d s ,  t h e  same p r o ­

c e d u r e  u s e d  t o  g e n e r a t e  r e g i o n s  f o r  t h e  combined z o n a l  and 

m e r i d i o n a l  p e r i o d s ,  and  t h o s e  f o r  t h e  zona l  y e a r s  must be 

a p p l i e d  t o  t h e  m e r i d i o n a l  t im e  p e r i o d .  A ga in ,  o n ly  t e m p e r a ­

t u r e  an d  p r e c i p i t a t i o n  d a t a  f o r  t h e  w i n t e r  months were 

em p lo y ed .  T hese  d a t a  were c o n d ensed  i n t o  two f a c t o r s  u s i n g  

p r i n c i p l e - c o m p o n e n t s  f a c t o r  a n a l y s i s .  The l o a d i n g s  f o r  t h e  

f a c t o r s  ( se e  T a b le  8) showed f a c t o r  1 t o  a g a i n  be t h e  temp­

e r a t u r e  component  and f a c t o r  2 t o  be  t h e  p r e c i p i t a t i o n  com­

p o n e n t .  The two combined t o  a c c o u n t  f o r  n i n e t y - e i g h t  p e r  

c e n t  o f  t h e  t o t a l  v a r i a n c e  i n  t h e  m e r i d i o n a l  d a t a .  The f a c ­

t o r  s c o r e s  f rom t h e s e  two f a c t o r s  were  c a l c u l a t e d  and t h e  

s c o r e s  became t h e  b a s i s  f o r  t h e  c l u s t e r i n g  p r o c e d u r e .

The r e s u l t s  a r e  p r e s e n t e d  i n  a l i n k a g e  t r e e  i n  F i g u r e  

2 4 .  The c o p h e n e t i c  c o r r e l a t i o n  f o r  t h i s  c a s e  was 0 . 8 8 ,  

i n d i c a t i n g  r e l a t i v e l y  low d i s t o r t i o n  e x i s t e d  between t h e
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T ab le  8

L o a d in g s  f o r  Two R o t a t e d  F a c t o r s  b a s e d  

upon M e r i d i o n a l  D a ta

V a r i a b l e F a c t o r  1 F a c t o r  2

Temp(D) .9 7 ,22
Temp (J) .9 7 ,2 4
Temp (?) ,9 7 .2 0
P r e c i p  (D) .1 7 .9 6
P r e c i p  (J) ,20 .9 7
P r e c i p  (?) .3 2 .9 2

F a c t o r
V a r ia n c e 71% 21%

C u m u la t iv e
V a r i a n c e 71% 98%

E i g e n v a l u e s 4 .2 4 1 ,63

i m p l i e d  d i s t a n c e s  on  t h e  p h e n o g ra n  and a c t u a l  c l i m a t i c  

d i s t a n c e s  be tw een  t h e  s t a t i o n s .  To p ro d u c e  o n l y  t e n  c l i ­

m a t i c  r e g i o n s  t o  compare  w i th  t h e  t e n  c l i m a t i c  r e g i o n s  i n  

t h e  f i r s t  two c a s e s ,  a phenon l i n e  w i t h  a d i s t a n c e  l e v e l  o f  

0 ,8 2 1  was r e q u i r e d .  T h i s  v a lu e  was s u b s t a n t i a l l y  h i g h e r  

t h a n  t h e  0 ,7 7 3  phenon l i n e  d i s t a n c e  l e v e l  n e ed e d  t o  s e p a r a t e  

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

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

e x i s t e d  be tw een  i n  t h e  m e r i d i o n a l  p e r i o d  when compared t o  

t h o s e  i n  t h e  z o n a l  p e r i o d .  C l i m a t e s  were l e s s  s i m i l a r

-  1 2 4  -
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Figure 24: Linkage Tree for the Meridional Period
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Figure 24: Continued
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Figure 24 : Continued 
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a c r o s s  t h e  U n i ted  S t a t e s  i n  t h e  m e r i d i o n a l  y e a r s  compared  t o  

t h e  w i n t e r  c l i m a t e s  i n  t h e  z o n a l  p e r i o d .

The r e s u l t i n g  map o f  t e n  c l i m a t i c  r e g i o n s  ( s e e  F i g ­

u r e  25) and t h e  s c a t t e r  d iag ram  i n  F i g u r e  26 a l l o w e d  f o r  t h e  

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

r e g i o n s .  T a b le  9 l i s t s  t h e  s t a t i o n s  i n  e a c h  m e r i d i o n a l  

r e g i o n  a l o n g  w i th  t e m p e r a t u r e  a n d  p r e c i p i t a t i o n  d a t a .  A 

l a r g e  r e g i o n  (2) from t h e  S o c k i e s  t o  I l l i n o i s  d o m in a te d  t h e  

p a t t e r n .  These  s t a t i o n s  f e l l  i n  t h e  c o o l  (2 8 .58  d e g r e e s  f o r  

a v e r a g e  m onth ly  w i n t e r  t e m p e r a t u r e s )  and d r y  (0 .9 6  i n c h e s )  

s e c t i o n  o f  t h e  p l c t  on F i g u r e  26.  A l a r g e  r e g i o n  (3) was 

l o c a t e d  p o lew ard  o f  r e g i o n  2 and was d i f f e r e n t i a t e d  from i t s  

s o u t h e r n  n e i g h b o r  by d e c r e a s e d  t e m p e r a t u r e s  (1 7 .3 7  d e g r e e s ) ,  

an d  on a r e l a t i v e  s c a l e ,  was d r i e r  ( 0 . 9 6  i n c h e s )  t h a n  t h e  

r e s t  o f  t h e  U n i t e d  S t a t e s .

A n o th e r  l a r g e  w i n t e r  c l i m a t i c  r e g i o n  (1) was found  

t h r o u g h o u t  t h e  n o r t h e a s t e r n  g u a r t e r  o f  t h e  U n i t e d  S t a t e s .  

I t  was c h a r a c t e r i z e d  by c o o l e r  t h a n  a v e r a g e  t e m p e r a t u r e s  

(3 0 .8 0  d e g re e s )  and by above  a v e r a g e  p r e c i p i t a t i o n  amounts  

(2 .9 2  i n c h e s )  .

The Sou th  was b ro k en  i n t o  two d i s t i n c t i v e  r e g i o n s :  

t h e  f i r s t ,  r e g i o n  5 ,  was an ' i n t e r i o r  ty p e  marked by above  

a v e r a g e  t e m p e r a t u r e s  (4h.S2 d e g re e s )  and  was w e l l  above  t h e  

U n i t e d  S t a t e s '  mean p r e c i p i t a t i o n  l e v e l  (4.76 i n c h e s ) .  The 

same c l i m a t i c  t y p e  a p p e a re d  i n  t h e  n o r t h w e s t e r n  c o r n e r  o f  

t h e  U n i t e d  S t a t e s .  The c o a s t a l  s o u t h e r n  r e g i o n  e x t e n d e d
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T a b le  9

L i s t i n g  o f  T e m p e r a tu r e s  and  P r e c i p i t a t i o n  V a lu es  

By M e r i d i o n a l  B e g io n s

Region
S t a t i o n

Code S t a t i o n
w i n t e r

Temp.
W in te r
P r e c i p .

l a 1 P o r t l a n d ,  ME 2 2 .6 2 3 .39
7 H a r t f o r d ,  CT 2 6 .0 0 3 .39
3 New Haven, CT 2 9 .6 6 3 ,4 8
5 N a n t u c k e t ,  MA 3 2 .2 7 4.31
6 P r o v i d e n c e ,  EX 2 9 .2 0 3 .79
4 B o s to n ,  MA 2 9 .8 9 4 ,05

Means ( la ) 2 8 .2 8 3 .7 3

1b 11 New York ,  NY 3 3 .2 2 3 .24
14 B e a d in g ,  PA 3 2 .0 9 3 .10
18 B a l t i m o r e ,  MD 3 3 .4 7 • 3 .03
65 E v a n s v i l l e ,  IN 3 3 .4 8 3 .08
70 P a r k e r s b u r g ,  R7 3 3 .0 0 2 ,8 9
17 T r e n t o n ,  NJ 3 2 .4 6 2 .98
67 C i n c i n n a t i ,  OH 3 2 .6 7 2 .97
13 P h i l a d e l p h i a ,  PA 32.  19 2 .8 8
64 L o u i s v i l l e ,  KY 3 4 .6 0 3 .28
12 H a r r i s b u r g ,  PA 3 0 .5 6 2 .8 8
16 A t l a n t i c  C i t y ,  NJ 33 .9 1 3 .66
21 N o r f o l k ,  VA 4 0 .5 8 3 .50
27 B a l e i g h ,  NC 40 .6 0 3 .36
24 C h a r l o t t e ,  NC 4 2 .1 7 3 .72
95 C a i r o ,  IL 3 7 . 2 7 3 .6 0
25 G r e e n s b o r o ,  NC 3 8 .6 6 3 .4 7

143 M ed fo rd ,  02 3 9 .2 5 3 .3 6
22 Richmond, VA 3 7 .9 6 3 .38
23 A s h e v i l l e ,  NC 3 8 .1 8 3 ,01
20 L y n ch b u rg ,  VA 3 6 .7 0 2 .9 2
19 W ash in g to n ,  DC 3 5 .8 2 2 .78

Means (1b) 3 5 ,6 5 3.19

1c 15 S c r a n t o n ,  PA 2 6 .0 9 2 .2 8
73 R o c h e s t e r ,  NY 2 4 ,6 6 2.30
75 E r i e ,  PA 27.  13 2 .64
71 P i t t s b u r g h ,  PA 28 .3 1 2 .5 3
65 I n d i a n a p o l i s ,  IN 2 8 .4 0 2 .50
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station ainter Winter
Region Code station Temp. Precip,

76 C l e v e l a n d ,  OH 2 7 .4 6 2 .17
69 D a y to n ,  OH 2 8 .7 7 2.19

138 S pokane ,  WA 2 8 .8 8 2 .29
68 Columbus,  OH 29.21 2 .4 3
81 Grand R a p id s ,  HI 2 3 .9 8 1.78
79 D e t r o i t ,  a i 2 6 .4 4 1.83
78 F o r t  Wayne, IN 2 5 .7 4 2 .01
77 T o le d o ,  OH 2 5 .4 3 1.87

9 A lb a n y ,  NY 2 3 .0 4 2 .3 2
10 B ingham ton ,  NY 22 .45 2 .40
72 B u f f a l o ,  NY 2 5 .2 3 2 .94
74 S y r a c u s e ,  NY 24. 19 2 .8 7

2 C oncord ,  NH 2 2 .2 9 2 .64

Means (1c) 2 5 .9 8 2 .33

Means (1) 3 0 .8 0 2 .9 2

84 C h ica g o ,  IL 2 5 .6 8 1.50
96 P e o r i a ,  IL 2 5 .41 1.41
97 S p r i n g f i e l d ,  IL 2 7 .7 8 1.45

112 M is s o u la ,  MT 2 3 .6 5 1.14
93 Des Moines,  lA 2 2 .  19 1.00

105 Omaha, NB 24.81 .76
117 S h e r i d a n ,  WY 2 4 .3 8 .63
116 L a n d e r ,  WY 2 2 .7 5 .54
111 H e le n a ,  MT 2 2 .8 8 .51
118 N or th  P l a t t e ,  NB 2 5 .3 9 .43
114 R a p id  C i t y ,  SD 2 4 .8 8 .50
106 V a l e n t i n e ,  NB 22.81 .26
137 P o c a t e l l o ,  ID 2 6 .6 2 1 .02
104 L i n c o l n ,  NB 2 6 .5 5 .83
109 B i l l i n g s ,  MT 2 6 .7 0 .79
101 S t .  J o s e p h ,  MO 2 8 .0 9 .95
103 T o p ek a ,  KS 2 9 .8 6 .91
121 C o n c o r d ia ,  KS 29.  12 ,74
123 W i c h i t a ,  KS 3 2 .9 2 .74
133 Winnemucca, NV 3 1 .4 8 .37
135 Grand J u n c t i o n ,  CO 3 0 .4 2 .61
119 D enver ,  CO 3 1 .2 3 .70
115 Cheyenne,  WY 2 7 .7 3 .36
122 Dodge C i t y ,  KS 3 2 .4 5 .46
120 P u e b l o ,  CO 3 1 .7 4 .34
102 S p r i n g f i e l d ,  MO 3 4 .2 5 1 .64
139 W alla  W al la ,  WA 3 6 .9 6 1.85
99 Colum bia ,  MO 3 1 .0 0 1.42

100 K ansas  C i t y ,  MO 3 1 .8 2 1.44
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station Winter Winter
Code S t a t i o n Temp. P r e c i ]

136 B o i s e , ID 3 2 .1 2 1.30
140 Yakima, WA 3 1 .5 2 1.21
134 S a l t  Lake  C i t y ,  DT 3 0 . 7 3 1.21
132 Reno, N7 3 4 .0 3 1.20

98 S t .  L o u i s ,  HO 3 1 .8 9 1.76

Beans (2) 2 8 .5 8 .96

83 S a u l t  S t e .  K a r i e ,  HI 15 .20 1.85
87 D u l u t h ,  HH 10 .59 .95

Beans (3a) 1 2 .8 9 1.40

85 G reen  Bay, BX 17 .1 9 .87
108 Huron,  SD 1 5 .0 9 .58
90 H i n n e a p o l i s - S t .  P a u l ,  BN 15 .8 9 .61
89 B i l l i s t o n ,  SD 13 .4 0 .48
88 B ism a rc k ,  ND 12 ,3 9 .44

107 S io u x  C i t y ,  lA 2 0 .8 1 .73
113 B i l e s  C i t y ,  HT 19 .98 .51
110 H a v re ,  HT 18 .4 3 .43
92 H a d iso n ,  WI 19 .29 .89
91 La C r o s s e ,  HI 1 8 .3 4 .65
86 Milwaukee,  HI 2 1 .5 9 1 .38
80 A lp e n a ,  HI 1 9 .6 4 1.40
94 Dubugue, lA 1 9 .6 4 1.37
32 B a r q u e t t e ,  HI 1 9 .3 7 1.51

3 B u r l i n g t o n ,  7T 1 8 .4 7 1.60

Beans (3b) 1 7 .9 7 .90

Beans (3) 1 7 .3 7 .96

28 W ilm ing ton ,  KC 4 6 .4 7 3 .35
147 S a c ra m e n to ,  CA 4 7 .2 7 3 .37
48 S h r e v e p o r t ,  LA 4 7 .9 1 3 .6 0
29 C h a r l e s t o n ,  SC 4 8 .8 6 3 .45

148 San F r a n c i s c o ,  CA 5 0 . 2 4 3 .80
34 J a c k s o n v i l l e ,  ?L 55 .  18 3 .12
56 G a l v e s t o n ,  TX 5 4 .4 2 3 .2 2
40 A p a l a c h i c o l a ,  PL 5 4 .  15 3 .18
57 H o u s to n ,  TX 5 4 .0 5 3.57
33 Sav an nah ,  GA 5 0 .  14 3 .0 2

Beans (4a) 5 0 .8 7 3 .3 7

3a

3b

4a
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station Tinter Tinter
Région Code station Temp. Precip.

6a

6b

47 Sev O r l e a n s ,  Lâ 5 3 .3 1 4 .79
58 P o r t  A r t h u r ,  T% 5 3 .0 3 4.41
41 P e n s a c o l a ,  PL 5 2 .7 4 4 .59

Heans <4b) 5 3 .0 3 4 .59

Beans (4) 5 1 .3 7 3 .65

42 Birmingham, AL 4 4 .9 6 5 .0 4
141 S e a t t l e ,  SA 43 .  19 4 .95
61 K n o x v i l l e ,  TH 3 9 .6 0 4 .34

144 P o r t l a n d ,  OH 4 0 .8 6 4 .97
60 C h a t t a n o o g a ,  TH 4 0 .8 1 5 .14

145 E o s e b u rg ,  02 4 2 .4 7 5 .70
146 E u r e k a ,  CA 4 8 .5 6 6 .0 3
43 M o b i le ,  AL 5 1 .6 3 5.33
31 G r e e n v i l l e ,  SC 4 2 .8 4 4.30
50 L i t t l e  Rock, A2 4 2 .0 8 4 .24
62 Memphis, TN 4 1 .4 3 4 .44
38 A t l a n t a ,  GA 43 .7 1 4.60
63 N a s h v i l l e ,  IN 3 8 .9 8 4.41
39 Macon, GA 4 3 .0 2 4 .52
44 Montgomery, AL 48 .  14 4.65
46 V ic k s b u r g ,  MS 4 8 .0 9 4 .88
45 M e r i d i a n ,  MS 4 6 .6 9 4 .65
30 C o lum b ia ,  SC 4 5 .8 8 4.01
32 A u g u s ta ,  GA 4 6 .3 3 4 .19
26 H a t t e r a s ,  NC 4 6 .0 1 4.33

Means (5) 4 4 .5 2 4 .75

49 P o r t  S m i th ,  A3 4 1 .1 2 2 .22

54 D a l l a s ,  TX 4 6 .6 4 2.29
149 F r e s n o ,  CA 47 .  13 1.73

55 P o r t  N o r th ,  TX 4 5 .8 6 1.92
59 San A n t o n i o ,  TX 52 .3 1 1.78
51 A u s t i n ,  TX 5 1 .  13 2 .19

Means (6b) 48 .6 1 1.98

Means (6) 4 7 .3 6 2 .02

125 A b i l e n e ,  TX 4 5 .4 9 1.12
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station Winter Winter
R egion Code S t a t i o n Temp, P r e c i p .

128 E l  P a s o ,  TX 4 5 ,9 9 .42
126 A m a r i l l o ,  TX 3 7 .3 2 .62
129 A l b u q u e r q u e ,  NB 3 7 .0 8 .45
127 R o s w e l l ,  NB 4 0 ,0 6 .54
124 Oklahoma C i t y ,  OK 3 8 .1 8 1,11

Means (7) 4 0 .6 9 .71

8 37 Tampa, FL 6 0 .6 5 2 .74
150 Los A n g e l e s ,  CA 5 6 ,8 9 2 .09
53 C orpus  C h r i s t i ,  TX 5 7 ,3 2 2 .13

B eans  (8) 5 8 .2 9 2 .3 2

9 130 P h o e n i x ,  AZ 5 3 .4 3 .63
131 Yuma, AZ 5 8 .3 8 .31
151 San D ie g o ,  CA 5 7 ,6 9 1 .22

52 B r o w n s v i l l e ,  TX 5 1 .2 9 1.74

Means (9) 5 7 .7 0 .9 7

10 36 Miami,  FL 6 7 ,5 0 2 .1 4
35 Key West, FL 7 0 ,2 8 1.82

Means (10) 6 8 .8 9 1.93

11 142 T a t o o s h  I s l a n d s ,  WA 4 3 .3 1 10.52

f r o a  t h e C a r o l i n a  c o a s t  t h r o u g h  t h e  Gulf c o a s t o f  Texas .

R e g io n  4 showed h i g h e r  t h a n  a v e r a g e  w i n t e r  t e m p e r a t u r e s

( 5 1 , 3 7  d e g re e s ) when compared t o  r e g i o n  5 , and was n o t i c e -

a b l y  d r i e r  t h a n i t s  i n t e r i o r  n e i g h b o r (3 .6 5 i n c h e s ) .

I n c r e a s e s i n  t o p o g r a p h y  i n  r e g i o n  5 b e s t  a c c o u n t e d f o r  t h i s

f i n d i n g . Warner an d  d r i e r  r e g i o n s  (8 and 10) were fo un d

e q u a t o r w a r d  o f  t h e s e  s o u t h e r n  r e g i o n s . g e g io n 8 had an
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a v e r a g e  m onth ly  t e m p é r a t u r e  v a l u e  o f  58 .29  d e g r e e s  and a 

p r e c i p i t a t i o n  v a l u e  o f  2 .3 2  i n c h e s .  Region 10 was much 

warmer (68 .89  d e g r e e s )  and  was s l i g h t l y  d r i e r  (1 .9 8  i n c h e s ) .

From t h e  G u l f  c o a s t  o f  T e x a s ,  a t r a n s i t i o n a l  r e g i o n  

(6) f e l l  be tw een  t h e  w e t t e r  r e g i o n  t o  t h e  s o u t h  and t h e  

c o o l e r ,  d r y  r e g i o n  t o  t h e  w e s t .  I t  was marked by an a v e r a g e  

t e m p e r a t u r e  o f  %7.36 d e g r e e s  and  an  a v e r a g e  p r e c i p i t a t i o n  

l e v e l  o f  2 .0 2  i n c h e s .  Region  7 was a l a r g e  c l i m a t i c  r e g i o n  

i n  t h e  S o u th w e s t  c h a r a c t e r i z e d  by above  a v e r a g e  t e m p e r a t u r e s  

(4 0 .6 9  d e g re e s )  a nd  v e r y  low p r e c i p i t a t i o n  t o t a l s  (0 .7 1  

i n c h e s )  when compared to  t h e  r e s t  o f  t h e  U n i t e d  S t a t e s .  

R eg ion  9 was s i m i l a r  t o  r e g i o n  7 i n  p r e c i p i t a t i o n  amounts  

( 0 .9 7  in c h e s )  ,  b u t  t e m p e r a t u r e s  were s u b s t a n t i a l l y  h i g h e r  

( 5 7 .7 0  d e g r e e s )  i n  t h i s  s o u t h e r n  A r iz o n a  c l i m a t i c  t y p e .

I f  t h e  0 .7 0 0  phenon l i n e  was used t o  d i v i d e  t h e  

c l u s t e r s ,  a s  used  i n  t h e  z o n a l  c a s e ,  t h e  same number o f  c l i ­

m a t i c  r e g i o n s  em erge .  A l though  s i x t e e n  r e g i o n s  a p p e a r e d  t o  

be  c r e a t e d ,  two s i n g l e  s t a t i o n s  r e g i o n s ,  i n c l u d i n g  T a to o sh  

I s l a n d ,  W ash in g ton ,  and F o r t  S m i th ,  A r k a n s a s ,  were fo rm ed .  

The l a r g e  r e g i o n  (2) t h a t  e x t e n d e d  from t h e  R o c k ie s  t o  I l l i ­

n o i s  was n o t  b ro k e n  i n t o  s m a l l e r  s e c t i o n s .  The two s o u t h ­

w e s t e r n  r e g i o n s  (7 and  9) were n o t  s u b d i v i d e d ,  n o r  was t h e  

i n t e r i o r  s o u t h e r n  r e g i o n  5 .  The f a r  s o u t h e r n  r e g i o n s  8 and 

10 were  a l s o  n o t  a f f e c t e d  by s h i f t i n g  t h e  phenon l i n e  t o  

0 . 7 0 0 .  However, r e g i o n s  1, 2 ,  and  4 were d i v i d e d  i n t o

s m a l l e r  s u b r e g i o n s  i n  a c c o r d a n c e  w i th  t h e  s h i f t  i n  t h e  ph e -
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non l i n e .

The l a r g e  n o r t h e a s t e r n  r e g i o n  (1) was d i v i d e d  i n t o  

t h r e e  d i s t i n c t  r e g i o n s .  The Hew E n g land  s u b r e g i o n  ( la)  was 

d i s t i n g u i s h e d  by t h e  g r e a t e s t  p r e c i p i t a t i o n  amounts  (3 .73  

i n c h e s )  f o r  t h e  r e g i o n .  The s o u t h e r n  one h a l f  o f  r e g i o n  1 

(1b) was d i f f e r e n t i a t e d  by warmer t e m p e r a t u r e s  (3 5 ,6 6  

d e g r e e s )  when compared w i th  a l l  o t h e r  s t a t i o n s  i n  t h e  

r e g i o n .  The s o u t h e r n  G re a t  Lakes  s e c t i o n  (1c) was t h e  c o o l  

( 2 5 .9 8  d e g r e e s )  and d ry  (2,33 i n c h e s )  p o r t i o n  o f  t h e  e n t i r e  

r e g i o n .

The G u l f  c o a s t  r e g i o n  (4) was s e p a r a t e d  i n t o  two 

s u b r e g i o n s .  Region  4a r e p r e s e n t e d  most  o f  t h e  s t a t i o n s  i n  

t h e  c o a s t a l  g ro u p  and was c h a r a c t e r i z e d  by t e m p e r a t u r e s  i n  

t h e  u p p e r  4 0 ' s  and low 50*s and p r e c i p i t a t i o n  from 3 .00  t o  

3 , 8 0  i n c h e s .  The t h r e e  s t a t i o n s  o f  4b were d i s t i n g u i s h e d  

from t h e  r e s t  by s u b s t a n t i a l  i n c r e a s e s  i n  p r e c i p i t a t i o n  

(4 ,5 9  i n c h e s ) .

The n o r t h e r n  P l a i n s  r e g i o n  (3) was d i v i d e d  i n t o  two 

s u b r e g i o n s  a s  w e l l .  Only two s t a t i o n s  fo rm ed  r e g i o n  3a 

which  was marked by e x t r e m e l y  c o l d  t e m p e r a t u r e s  (12 .89  

d e g r e e s ) .  S u b re g io n  3b made up most o f  the  a r e a  and most o f  

t h e  s t a t i o n s  i n  r e g i o n  3# and was c h a r a c t e r i z e d  by v e ry  c o l d  

w i n t e r t i m e  t e m p e r a t u r e s  (17.97 d e g re e s )  and r e l a t i v e l y  d ry  

c o n d i t i o n s  (0 .9 0  i n c h e s )  ,

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

r e g i o n a l l y  homogeneous w i n t e r t i m e  c l i m a t i c  r e g i o n s  c o u ld  be
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d e v e lo p e d  f o r  most o f  t h e  U n i te d  S t a t e s  g i v e n  t e n  y e a r

c l i m a t i c  a v e r a g e s .  Only a lo n g  t h e  B e s t  c o a s t  d id  t h e s e  

l a r g e  r e g i o n s  f a i l  t o  d e v e l o p .  When t s e n t y  y e a r  a e a n s  were 

a se d  t o  form t h e  combined z o n a l  -  m e r i d i o n a l  c l i m a t i c

r e g i o n s ,  a s i m i l a r  p a t t e r n  d e v e l o p e d .  However, i n  t h i s

i n v e s t i g a t i o n ,  t h e  f o c u s  o f  t h i s  s e c t i o n  was n o t  t o  demon­

s t r a t e  t h a t  w i n t e r t im e - c o m p o n e n t  c l i m a t i c  r e g i o n s  c o u ld  be 

d e v e lo p e d ,  h u t  was t o  show how c l i m a t i c  r e g i o n s  changed  

t h e i r  c o n f i g u r a t i o n  a s  t h e  g e n e r a l  c i r c u l a t i o n  o f  t h e  a tm os­

p h e r e  s h i f t e d  from a z o n a l  t o  a m e r i d i o n a l  p a t t e r n .

Comparison o f  Z ona l  t o  M e r i d i o n a l  C l i m a t i c  R eg ions

By com par ing  t h e  r e s u l t s  o f  t h e  z o n a l  g r o u p in g s  t o  

t h o s e  f o r  t h e  m e r i d i o n a l  p e r i o d  i n  a g e n e r a l  way, a number 

o f  i n t e r e s t i n g  p a t t e r n s  d e v e l o p e d .  Looking a t  t h e  t e n  

r e g i o n s  f o r  e a c h  t im e  p e r i o d  ( se e  F i g u r e s  22 and 2 5 ) ,  t h e  

most s t r i k i n g  d i f f e r e n c e  was t h a t  t h e  l a r g e  i n t e r i o r  r e g i o n  

(4) i n  t h e  z o n a l  p e r i o d  d id  n o t  e x t e n d  a s  f a r  e a s t w a r d  i n  

t h e  m e r i d i o n a l  p e r i o d .  The e n t i r e  s o u t h e r n  G r e a t  Lakes 

r e g i o n  was c o v e r e d  by t h i s  c l i m a t i c  t y p e  o n l y  i n  t h e  z o n a l  

p e r i o d .  P r e c i p i t a t i o n  v a l u e s  i n  t h e  two c o m p a r a t i v e  

r e g i o n s ,  z o n a l  r e g i o n  4 and m e r i d i o n a l  r e g i o n  2 ,  showed t h e  

m e r i d i o n a l  r e g i o n  t o  be d r i e r .  The m e r i d i o n a l  r e g i o n  was 

a l s o  s l i g h t l y  d r i e r  t h a t  t h e  z o n a l  r e g i o n  4 ,  These  f i n d i n g s  

s u p p o r t e d  B o r c h e r t ’ s  (1971) r e p o r t  t h a t  t h e  " p r a i r i e  wedge" 

e x te n d e d  f a r t h e r  e a s t w a r d  d u r i n g  t h e  z o n a l  p e r i o d .
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The v e r y  c o l d  c o n t i n e n t a l  i n t e r i o r  r e g i o n  (3 i n  b o th  

c a s e s )  was n o t  a s  e x t e n s i v e l y  d e v e l o p e d  i n  t h e  z o n a l  y e a r s  

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

G r e a t  L akes  r e g i o n  were encom passed  by t h i s  t y p e .  A d i s ­

c u s s i o n  i n  C h a p te r  IV showed t h i s  t o  be  an a r e a  where temp­

e r a t u r e  f e l l  s h a r p l y  be tw een  t h e  two t i m e  p e r i o d s ,  c a u s i n g  

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

i d i o n a l  y e a r s .  Z o n a l  r e g i o n  3 was s l i g h t l y  d r i e r ,  by 

a p p r o x i m a t e l y  one i n c h ,  th a n  t h e  c o m p a r a t i v e  m e r i d i o n a l  

r e g i o n  3 a .

The c o o l ,  r e l a t i v e l y  m o i s t  New England r e g i o n  (1 i n  

t h e  z o n a l  p e r io d )  was shown t o  g r e a t l y  expand i n  t h e  m e r i ­

d i o n a l  p e r i o d ,  r e f l e c t i n g  an i n c r e a s e  in  p r e c i p i t a t i o n  f o r  

t h e  a r e a  i n  t h e  m e r i d i o n a l  y e a r s .  Much o f  t h e  a r e a  a ro u nd  

t h e  G r e a t  L a k e s ,  where d u r i n g  t h e  z o n a l  y e a r s  d r y  c o n d i t i o n s  

e x i s t e d ,  was do m in a ted  by t h e  n o r t h e a s t e r n  c l i m a t i c  ty p e  in  

t h e  m e r i d i o n a l  y e a r s ,

A r e g i o n  s e p a r a t i n g  th e  n o r t h e a s t e r n  from s o u t h e a s t ­

e r n  c l i m a t e s  i n  t h e  z o n a l  p e r i o d  (2) d i s a p p e a r e d  i n  t h e  mer­

i d i o n a l  y e a r s ,  i n d i c a t i n g  a d e c r e a s e d  n o r t h - s o u t h  g r a d i e n t  

i n  c l i m a t i c  e l e m e n t s  i n  t h e  m e r i d i o n a l  y e a r s  i n  t h i s  r e g i o n .  

Some rem nan t  o f  t h e  z o n a l  r e g i o n  2 e x i s t e d  i n  t h e  form o f  

m e r i d i o n a l  r e g i o n  1b,

The l a r g e  r e g i o n  (5) c o v e r i n g  most o f  t h e  South i n  

t h e  z o n a l  y e a r s  a p p e a re d  i n  t h e  m e r i d i o n a l  p e r i o d  w i th  a 

s m a l l e r  a r e a l  e x t e n s i o n .  S i m i l a r  p a t t e r n s  on t h e  maps c o u ld
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b e  fo un d  f o r  most  o f  t h e  o t h e r  r e g i o n s  a ro u n d  t h e  c o u n t r y .  

P a n h a n d le  F l o r i d a  h a d  two t y p e s  o f  c l i m a t e  t h a t  were s i m i l a r  

i n  b o t h  p e r i o d s .  S o u th e r n  T ex a s  d i s p l a y e d  c l i m a t e s  t h a t  

were s i m i l a r  t o  t h o s e  o f  F l o r i d a  i n  b o t h  p e r i o d s ,  and t h e  

e n t i r e  S o u th w e s t  d i s p l a y e d  n e a r l y  i d e n t i c a l  b o u n d a r i e s  f o r  

b o t h  s e t s  o f  y e a r s ,  A t r a n s i t i o n a l  c l i m a t i c  t y p e  (5) 

a p p e a r e d  i n  t h e  m e r i d i o n a l  p e r i o d  t h a t  d id  n o t  e x i s t  e a r ­

l i e r .  F o r  b o t h  t i m e  p e r i o d s ,  t h e  e n t i r e  C a l i f o r n i a  c o a s t  

showed a g r e a t  d e a l  o f  s p a t i a l  v a r i a t i o n  i n  t h e  t y p e s  o f  

c l i m a t e  r e p r e s e n t e d ,  b u t  w i th  t h e  same g e n e r a l  p a t t e r n s  f o r  

e a c h  p e r i o d .  The d i v e r s i t y  o f  c l i m a t i c  t y p e s  a lo n g  t h e  

P a c i f i c  c o a s t  was f o u n d  i n  most o f  t h e  commonly used c l a s s i ­

f i c a t i o n s  used  i n  c l i m a t o l o g y .

By o v e r l a y i n g  t h e  m e r i d i o n a l  an d  z o n a l  maps ( F i g u r e s  

22 and  25) a l o n g  w i th  t h e  mean s e t  o f  c l i m a t i c  r e g i o n s  (F ig ­

u r e  2 0 ) ,  t h e  r e g i o n s  i n  t h e  U n i t e d  S t a t e s  t h a t  a p p e a r e d  t o  

f l u c t u a t e  i n  t h e i r  c l u s t e r i n g  w i th  o t h e r  s t a t i o n s  became 

a p p a r e n t ,  A wedge e x t e n d i n g  from t h e  s o u t h e r n  s h o r e s  o f  

l a k e  h i c h i g a n  s o u t h w a r d  t o  t h e  Ohio H i v e r  and  e a s t w a r d  i n t o  

w e s t e r n  P e n n s y l v a n i a  was an a r e a  t h a t  d u r i n g  t h e  z o n a l  y e a r s  

was c o n n e c t e d  t o  t h e  l a r g e  c o n t i n e n t a l  w in t e r  c l i m a t i c  t y p e .  

I n  t h e  m e r i d i o n a l  p e r i o d ,  and d u r i n g  t h e  combined p e r i o d ,  

t h i s  same wedge a l i g n e d  w i th  a  N o r t h e a s t e r n  t y p e  o f  w i n t e r  

c l i m a t e .  The v e r y  c o l d  c l i m a t i c  r e g i o n  o f  t h e  N o r th e r n  

P l a i n s  a p p e a r e d  t o  c o n t r a c t  on t h e  a v e r a g e  o f  a b o u t  one hun­

d r e d  m i l e s  a lo n g  i t s  s o u t h e r n  m a r g in s  d u r i n g  t h e  z o n a l
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p e r i o d .

C l i m a t i c  r e g i o n s  i n  t h e  T e x a s ,  Oklahoma, A r k a n s a s ,  

and  L o u i s i a n a  r e g i o n s  p roduced  d i f f e r e n t  o r i e n t a t i o n s  

b e tw een  t h e  p e r i o d s .  I n  t h e  z o n a l  p e r i o d ,  t h e  m a jo r  a x i s  o f  

t h e  r e g i o n s  was i n  t h e  n o r t h w e s t - s o u t h e a s t  d i r e c t i o n ,  i n d i ­

c a t i n g  a c l i m a t i c  g r a d i e n t  a lo n g  t h e  p r e v a i l i n g  s o u t h w e s t -  

n o r t h e a s t  w in d - f lo w  p a t t e r n .  The a x i s  o f  t h e  a l i g n m e n t  

s h i f t e d  t o  a s o u t h w e s t - n o r t h e a s t  d i r e c t i o n  i n  t h e  m e r i d i o n a l  

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

o f  t h e  f lo w  a l o f t .

A l a r g e  r e g i o n  e x t e n d e d  from t h e  m i d - A t l a n t i c  s t a t e s  

w es tw ard  t h r o u g h  Kentucky d i v i d e d  i n t o  a s e p a r a t e  c l i m a t i c  

r e g i o n  i n  t h e  z o n a l  p e r i o d ,  i n d i c a t i n g  a s t r o n g e r  n o r t h -  

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

d u r i n g  p e r i o d s  o f  z o n a l  c i r c u l a t i o n .  T h is  r e g i o n  became 

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

t h e  m e r i d i o n a l  and a v e r a g e  p e r i o d s .

R e s u l t s  and A n a ly ses  from Shane T e s t s

To q u a n t i t a t i v e l y  a n a l y z e  c h a n g e s  i n  t h e  r e s u l t i n g  

c l i m a t i c  r e g i o n s ,  a sh ap e  m easurem ent  r e p r e s e n t i n g  a r a t i o  

b e tw een  t h e  n o r t h - s o u t h  and w e s t - e a s t  m a jo r  a x e s  was 

o b t a i n e d  f o r  eac h  r e g i o n ,  and f o r  each  s u b r e g i o n  (Table  1 0 ) .  

T h ese  m easu rem en ts  were made t o  t e s t  t h e  h y p o t h e s i s  t h a t  

c l i m a t i c  r e g i o n s  were more e l o n g a t e d  i n  a w es t  t o  e a s t  

d i r e c t i o n  d u r i n g  p e r i o d s  o f  z o n a l  f l o w .  I n  a s s o c i a t i o n  w i th
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a s h i f t  t o  a  m e r i d i o n a l  p a t t e r n ,  t h e  c l i m a t i c  r e g i o n s  were 

e x p e c t e d  t o  become l e s s  e l o n g a t e d  a l o n g  west  t o  e a s t  a x e s .  

To a v o i d  t h e  e x t r e m e l y  v a r i a b l e  p a t t e r n  of t h e  P a c i f i c  c o a s t  

and t o  a l l o w  a l l  r e g i o n s  t o  change  s h a p e  w i t h o u t  t h e  i n t e r ­

f e r e n c e  o f  t h e  R o c k ie s ,  o n l y  t h e  r e g i o n s  t h a t  e x te n d e d  e a s t ­

ward o f  t h e  R o c k ie s  were used  i n  t h e  sh ap e  m easu rem en ts .  

D s in g  t h e  t e n  r e g i o n  c o n f i g u r a t i o n  a s  a b a s e ,  t h e  a v e r a g e  

r a t i o  i n  t h e  z o n a l  p e r i o d  was 0 .8 4  and  t h e  mean s h a p e  i n  t h e  

m e r i d i o n a l  p e r io d  was 0 . 8 3 .  A l th o u g h  t h e  d i f f e r n c e  was n o t  

s i g n i f i c a n t  ( t  = - 0 . 0 3 ) ,  t h e  d e c l i n e  i n  t h e  a v e r a g e  r a t i o

v a l u e  was o p p o s i t e  o f  what was e x p e c t e d .  The h y p o t h e s i s  

t e s t e d  s t a t e d  t h a t  s h a p e s  o f  t h e  r e g i o n s  would be more e l o n ­

g a t e d  i n  t h e  w e s t - e a s t  d i r e c t i o n  d u r i n g  t h e  z o n a l  p e r i o d .  A 

s i g n i f i c a n t  i n c r e a s e  i n  t h e  sh a p e  m easu re s  was e x p e c t e d  t o  

c o n f i r m  t h i s  h y p o t h e s i s ,  and w i t h  s i m p l e  a v e r a g e s  u s i n g  t e n  

r e g i o n s ,  t h i s  was c e r t a i n l y  n o t  f o u n d .  However, i f  t h e  

s h a p e s  were w e ig h te d  a c c o r d i n g  t o  t h e  a r e a  o f  e a c h  r e g i o n ,  

an  i n c r e a s e  from 0 .3 1  t o  0 . 3 5  was o b s e r v e d  i n  t h e  a v e r a g e  

s h a p e  v a l u e s .  A t - s c c r e  r e p r e s e n t i n g  t h e  d i f f e r e n c e  i n  

t h e s e  means was c a l c u l a t e d  t o  be 0 , 2 7 ,  w e l l  below t h e  2 .1 0  

v a l u e  needed  t o  be s i g n i f i c a n t  a t  t h e  0 .0 5  c o n f i d e n c e  l e v e l .

When t h e  f o u r t e e n  r e g i o n  scheme was u s e d ,  t h e  

u n w e ig h te d  mean s h a p e  v a l u e  i n c r e a s e d  from 0 .7 7  t o  0 .8 5  w i th  

a t - s c o r e  o f  0 . 4 3 .  A ga in ,  t h i s  v a lu e  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t .  A w e ig h te d  t e s t  p roduced  a s l i g h t  d e c r e a s e  i n  

t h e  means w i th  a t - s c o r e  o f  - 0 , 0 7 .
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Table 10
Shape and Area M easurem ents  f o r  All  R e g io n s

Zonal Weighted M e r i d i o n a l Weighted
î e g io n s Shape Area Shape R eg io n s  Shape Area Shapi

1 .5 0 .30 .1 5 1 .8 0 .94 .7 5
2 .43 .50 . 2 2 2 .5 0 1 .74 .8 7
3 .56 .40 .2 2 3 . 2 9 .83 .2 4
4 .3 7 2.41 .8 9 4 . 7 0 .36 .2 5
5 .6 5 .55 . 3 6 5 .6 6 .48 .3 2
6 2 .00 ■ .0 4 .0 8 6 1 .43 .2 5 .36
7 .83 .21 , 1 7 7 . 6 8 .56 .38
8 1 .00 .1 8 .1 8 8 .6 0 .07 .04
9 .6 8 .56 .3 3 9 .6 5 .24 . 16

10 1.35 .3 6 .4 9 10 2 .0 0 .04 .08

Mean .8 4 .31 .8 3 .3 4

S t d .
Dev. .2 5 .0 6 . 2 5 .07

la .5 0 .1 2 .0 6 l a 2 .0 0 . 13 .2 6
1b .2 9 .18 .0 5 1b . 5 7 .44 .2 5

2 .4 3 .50 .2 2 1c .6 1 .37 .23
3 .56 .40 .2 2 2 .5 0 1 .74 .8 7

4a .64 1.46 .93 3a .51 . 16 ■ .08
4b .58 .9 5 .5 5 3b .3 3 .6 7 .22
5a .75 .17 .1 3 4a 1 .17 .27 .3 2
5b .63 .1 5 .0 9 4b .2 5 .0 9 .0 2
5c .5 7 .23 .1 3 5 .66 .48 .3 2

6 2 .00 .0 4 .08 6 1.43 .25 .3 6
7 .83 .21 .1 7 7 .6 8 .56 .38
8 1 .00 .1 8 . 1 8 3 .6 0 .07 .04
9 .6 8 .5 6 .3 8 9 . 6 5 .24 .1 6

10 1.35 .3 6 .4 9 10 2 . 0 0 .04 .0 8

Mean .79 . 2 6 .8 5 .2 6

S t d . ■
Dev. .1 9 .06 . 4 3 .04
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F o r  t h i s  e n t i r e  c h a p t e r  where  t h e  c h a n g e s  i n  

c l i m a t i c  r e g i o n s  be tw een  two s e l e c t e d  t im e  p e r i o d s  were 

ex am in e d ,  t h e  f o l l o w i n g  c o u ld  be c o n c l u d e d .  F i r s t l y ,  t h e  

r e s u l t s  showed t h a t  homogeneous w i n t e r  c l i m a t i c  r e g i o n s  

c o u l d  be p rod u ced  f o r  b o t h  t i m e  p e r i o d s .  A n a ly s e s  demon­

s t r a t e d  t h a t  g r e a t e r  d i s t a n c e s  e x i s t e d ,  i n  c l i m a t i c  s p a c e ,  

b e tw een  t h e  c l i m a t i c  g r o u p i n g s  i n  t h e  m e r i d i o n a l  p e r i o d  when 

compared  t o  t h e  d i s t a n c e s  f o r  t h e  z o n a l  y e a r s .  E x am in a t io n  

o f  t h e  maps o f  z o n a l  and m e r i d i o n a l  r e g i o n s  showed t h a t  many 

s t a t i o n s  were g rouped  d i f f e r e n t l y  i n  t h e  two t im e  p e r i o d s .  

E v id e n c e  o f  t h e  e x t e n s i o n  o f  t h e  " p r a i r i e  wedge" was found  

i n  t h e  z o n a l  p e r i o d  a s  s t a t i o n s  a s  f a r  e a s t w a r d  a s  P e n n s y l ­

v a n i a  were c l u s t e r e d  w i th  s t a t i o n s  i n  t h e  R o c k i e s .  A v e r y  

c o l d  c l i m a t e  r e g i o n  l o c a t e d  i n  t h e  n o r t h e r n  P l a i n s  expanded  

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

p a t t e r n .  A l a r g e  mid—A t l a n t i c  c l i m a t i c  r e g i o n  a p p e a re d  i n  

t h e  z o n a l  p e r i o d ,  b u t  was p a r t  o f  t h e  l a r g e r  N o r t h e a s t e r n  

r e g i o n  i n  t h e  m e r i d i o n a l  p e r i o d .  The o r i e n t a t i o n  o f  t h e  

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

w i t h  a change i n  t h e  g e n e r a l  c i r c u l a t i o n .

I n  g e n e r a l ,  many o f  t h e  c h a n g e s  i n  c l i m a t i c  r e g i o n s  

f o l l o w e d  l o g i c a l l y  from t h e  changes  found  i n  t h e  c l i m a t i c  

e l e m e n t s  a n a l y z e d  i n  C h a p te r  IV ,  The c h a n g e s  t h a t  were 

f o u n d  i n  t h e  c l i m a t i c  r e g i o n s  c o u ld  be e x p l a i n e d  i n  t e r m s  o f  

a s h i f t  i n  t h e  p a t t e r n  o f  f lo w  f o r  t h e  g e n e r a l  c i r c u l a t i o n  

o f  t h e  a tm o s p h e r e .  Measurements  o f  shape  c o u l d  n o t  demon-

- 144 -



s t r a t e  t h a t  a  s i g n i f i c a n t  c h an ged  o c c u r r e d  be tw een  t h e  two 

t i m e  p e r i o d s  i n  t h e  e l o n g a t i o n  o f  t h e  r e g i o n s  i n  t h e  w e s t -  

e a s t  d i r e c t i o n .
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C H A P T 2 2  V I

THE D2VEL0PMEHT O? REGIONS BASED UPON 

CHANGES IN CLIMATIC ELEMENTS

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

I n  t h i s  f i n a l  s e c c i o n  o f  th e  i n v e s t i g a t i o n ,  s t a t i s ­

t i c a l  t e c h n i q u e s  were  used  t o  p roduce  homogeneous r e g i o n s  

b a s e d  on t h e  c h a n g e s  i n  s e l e c t e d  c l i m a t i c  e l e m e n t s .  These  

r e g i o n s  c o u ld  be d e v e lo p e d  o n l y  i f  c h a n g e s  i n  t h e  c i r c u l a ­

t i o n  o f  t h e  a tm o s p h e r e  p roduced  r e l a t i v e l y  c o n s i s t e n t  f l u c ­

t u a t i o n s  i n  t h e  c l i m a t i c  c o n f i g u r a t i o n  i n  an a r e a .  I t  was 

h y p o t h e s i z e d  t h a t  d i s t i n c t i v e  t y p e s  o f  c h an g e s  would o c c u r  

i n  s p e c i f i c ,  i d e n t i f i a b l e  r e g i o n s  a c r o s s  t h e  U n i t e d  S t a t e s  

i n  a s s o c i a t i o n  w i th  a s h i f t  i n  t h e  g e n e r a l  c i r c u l a t i o n  o f  

t h e  a tm o s p h e r e .  Each " t y p e "  o f  c l i m a t i c  c h an g e  c o u ld  t h e n  

be  c h a r a c t e r i z e d ,  and t h e  r e s u l t i n g  r e g i o n s  c o u l d  th en  be 

a n a l y z e d .
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R e s u l t s  and A n a ly s e s  from P r e l i m i n a r y  A t t e m p t s  t o  

P r o d n c e  " Change” R e g io n s  

The f i r s t  a t t e m p t  t o  p r o d u c e  r e g i o n s  b a se d  on 

c h a n g e s  i n  t h e  c o n f i g u r a t i o n  o f  c l i m a t e  f o r  t h e  U n i ted  

S t a t e s  u t i l i z e d  t h e  e n t i r e  c l i m a t i c  change  m a t r i x  d a t a  s e t .  

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

m a t r i x  was co n d en se d  i n t o  f i v e  c o m p o nen ts  ( t h e s e  were p r e s ­

e n t e d  i n  C h a p t e r  I V ) , The f a c t o r  s c o r e s  f rom t h e s e  f i v e

c o m p o n e n ts  p r o v i d e d  t h e  d a t a  b a s e  upon which t h e  c l u s t e r i n g  

a l g o r i t h m  was p e r f o r m e d .

At any  d i s t a n c e  l e v e l  c h o s e n ,  t h e  r e s u l t s  o f  t h e  

c l u s t e r i n g  were u n s a t i s f a c t o r y .  F o r  e x a m p le ,  when t h e  ph e ­

non l i n e  was s e l e c t e d  t h a t  s e p a r a t e d  th e  c l u s t e r i n g  i n t o  

e l e v e n  g r o u p s ,  one h u n d re d  t w e n t y - s e v e n  s t a t i o n s  fo rm ed one 

l a r g e  g r o u p ,  t h e  r e m a in i n g  t w e n t y - f o u r  formed t h e  o t h e r  t e n  

g r o u p s ,  o f  t h e s e ,  f i v e  form ed  s i n g l e  s t a t i o n  r e g i o n s ,  and 

t h e  r e m a i n i n g  f i v e  g r o u p i n g s  d i d  n o t  p roduce  homogeneous 

r e g i o n s .  Some c l u s t e r s  i n c l u d e d  s u c h  odd c o m b i n a t i o n s  a s  

B irm ingham , Alabama and  S e a t t l e ,  W ash ing to n ,  H a v re ,  Montana 

and  E o s e b u rg ,  O reg on ,  c r  New O r l e a n s ,  L o u i s i a n a  and P o r t ­

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

many v a r i a b l e s  e n t e r e d  t h e  c l u s t e r i n g  p r o c e d u r e ,  t h e  r e s u l t s  

were o f t e n  c o n f u s e d .  In  t h i s  c a s e ,  s e v e r a l  p rob lem s 

a c c o u n t e d  f o r  t h e  u n a c c e p t a b l e  c l u s t e r i n g .  Of t h e  f i v e  f a c ­

t o r s  u t i l i z e d ,  two r e p r e s e n t e d  c h a n g e s  i n  wind m easures  

w hich  i n  C h a p t e r  17 were  shown t o  p r o d u c e  a p a t t e r n  o f  l i t -
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t i e  t o  no  s p a t i a l  h o m o g e n e i ty .  These wind m easu re s  

r e p r e s e n t e d  f o r t y  p e r  c e n t  o f  t h e  v a r i a b l e  m ix ,  so  t h e  c o n ­

f u s e d  c l u s t e r i n g  p a t t e r n  was e x p e c t e d .  a l s o ,  a l t h o u g h  a l l  

v a r i a b l e s  were s t a n d a r d i z e d ,  a s m a l l  d e c r e a s e  i n  p r e c i p i t a ­

t i o n  i n  an a r i d  a r e a  p roduced  e x a c t l y  t h e  same d a t a  v a l u e  a s  

a  m o d e ra te  d e c r e a s e  i n  a humid r e g i o n .  S i m i l a r l y ,  a s m a l l  

r i s e  i n  t e m p e r a t u r e  i n  a c o l d  c l i m a t i c  r e g i o n  p ro d u ce d  t h e  

same v a lu e  a s  an i n c r e a s e  i n  t e m p e r a t u r e  i n  a warm c l i m a t i c  

r e g i o n .  Examples c o u l d  be e x te n d e d  f o r  a l l  f a c t o r s ,  b u t  t h e  

e s s e n t i a l  p roblem was t h e  same: t h i s  t y p e  o f  c l u s t e r i n g  d id

n o t  t a k e  i n t o  a c c o u n t  t h e  t y p e  o f  c l i m a t e  e x i s t i n g  p r i o r  t o  

t h e  t im e  o f  t h e  c l i m a t i c  f l u c t u a t i o n .

To e l i m i n a t e  t h e  f i r s t  p ro b lem ,  one o f  t o o  many d i f ­

f e r e n t  v a r i a b l e s  c o n f u s i n g  t h e  p a t t e r n ,  on ly  t e m p e r a t u r e  and 

p r e c i p i t a t i o n  components  were u se d  i n  t h e  c l u s t e r i n g .  The 

r e s u l t s  w ere ,  i n  many ways,  s i m i l a r  t o  t h o s e  o b t a i n e d  when 

a l l  f i v e  com ponen ts  were c l u s t e r e d .  once a g a i n ,  phenon 

l i n e s  c o n t i n u e d  t o  s e p a r a t e  t h e  c l u s t e r s  i n t o  one l a r g e  

g r o u p  and  many v e ry  s m a l l  g r o u p s .  F o r  exam ple ,  when e l e v e n  

c l u s t e r s  were c r e a t e d ,  w e l l  o v e r  h a l f  o f  t h e  s t a t i o n s  (84) 

f e l l  i n t o  one g r o u p .  Four  s t a t i o n s  formed s i n g l e  s t a t i o n  

r e g i o n s  and f o r  t h e  f i r s t  t im e  i n  t h e  e n t i r e  s t u d y ,  T a to o sh  

I s l a n d ,  W ash ing ton ,  was g rou p ed  i n t o  a c l u s t e r  o f  s t a t i o n s .  

F i g u r e  27 d i s p l a y s  t h e  s p a t i a l  p a t t e r n  o f  t h e  r e s u l t s .  The 

one  l a r g e  g ro u p in g  (1) a p p e a re d  a c r o s s  th e  e n t i r e  map, t h e  

r e m a i n i n g  g ro u p s  showed no p r o p e n s i t y  to w a rd s  s p a t i a l  homo-
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Change Components



g e n e i t y .  The p a t t e r n  c o n t a i n e d  a g r e a t  d e a l  o f  " n o i s e ” 

w hich  may have  c o n t r i b u t e d  t o  t h e s e  p o o r  r e s u l t s .  To a l l e v ­

i a t e  t h i s  p ro b lem ,  t h e  d a t a  v a l u e s  c a l c u l a t e d  by s i x t h - o r d e r  

t r e n d  f i t t i n g s  t o  t h e s e  f a c t o r s  were c l u s t e r e d  and t h e  

r e s u l t s  were mapped.

F i g u r e  28 d i s p l a y s  t h e  r e s u l t s  of t h i s  p r o c e d u r e ,  

and  i n  g e n e r a l ,  t h e  p ro b lem s  o f  F i g u r e  27 r e m a i n e d .  E i g h t y -  

two s t a t i o n s  f e l l  i n t o  one  l a r g e  g r o u p ,  s e v e r a l  s i n g l e  s t a ­

t i o n  r e g i o n s  d e v e l o p e d ,  and  t h e  s p a t i a l  p a t t e r n  showed l i t ­

t l e  s p a t i a l  h o m o g en e i ty .  S t a t i o n s  f rom t h e  l a r g e s t  c l u s t e r  

(1) c o u ld  be found  a c r o s s  t h e  map a l o n g  w i th  s t a t i o n s  f rom 

t h e  n e x t  l a r g e s t  g r o u p i n g  ( 2 ) ,  These  f i n d i n g s  s t r o n g l y  s u g ­

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

f l u c t u a t i o n  m ust  be  c o n s i d e r e d  t o  o b t a i n  an y  i n t e r p r e t a b l e  

g r o u p i n g s  o f  s t a t i o n s .  I n  p r a c t i c e ,  any c l i m a t i c  y e a r  o r  

o t h e r  t i m e  p e r i o d  c o u l d  be u s e d ,  j u s t  a s  long  a s  some w e ig h t  

was g iv e n  in  t h e  c l u s t e r i n g  t o  s t a t i o n s  which had s i m i l a r  

" b a s e "  c l i m a t e s .

The R e s u l t i n g  C l i m a t i c  Change R eg ions

To o b t a i n  a b a s e  o f  c l i m a t i c  s i m i l a r i t y ,  a number o f  

p r o c e d u r e s  c o u ld  be u t i l i z e d .  For exam ple ,  s t a t i o n s  w i t h  

t h e  same Koppen o r  T h o r n t h w a i t e  c l a s s i f i c a t i o n  t y p e  c o u ld  be 

a s s i g n e d  i d e n t i c a l  v a l u e s ,  g i v i n g  some w e ig h t  t o  s t a t i o n s  

t h a t  were c l i m a t i c a l l y  s i m i l a r .  Mean t e m p e r a t u r e  and p r e ­

c i p i t a t i o n  v a l u e s  f rom  any t im e  p e r i o d  c o u ld  a l s o  be u s e d .

- 150 -



I
H
I nM
I

— * •  1 •  •
QUO 
UUOU U 

CUC07UCO • • • •
OOQOUCO ■ a a a s  .  « z z » » ,

o o u o u  *

•••••••••  ............
KCtHH 4

•IK9 •I
K 4 ' g ' l  ÆtKH , ,  

f  XXXX6X ■
2 .  44*  XXXX X . 1 . . . * . .  «2

•• ••I •• *3"
. .  XX6XX .  « «2 "2« 

XX • .  . 1■••II .. i 121 1 .
1 . 1 

, 1 . .  ' 2'
. .  «X «2

0  « ■ ■ ■ * ■ ! ( ■  4 4 4 4 4 4 4 4  . . . . . I .  4 4 Ü 4 4  X 
m m 4 4 5 4 4 4  . . I . t . i  .  4 4 4 4  • • • 1 2 4 1  • , , , ,

I
4 • • • • • •  z z a *  KSKXZ 4 4 4 5 4 4

• ■ ■ ■ ■  I . . ! •  S Z 4  I .  mnma 4 4 4 4 4  
l . . . «  ■  >  n z  . . .  = 4 »  4 5 4  . . . I . . : .  •

■«■■n4B u«ao( a > . . . .  • 4
■ ■ ■ « ■ a  mx a g a ma  . . . 1 . . .  «  

aaaaa a . . . . . . .  . . . . . . . . . . . . . . .
a  K s a z z  a  a  a . . . . . . . . . . . . . . . 1 . . . . .

z z K n a c a  a X a a S B  . . . . . . . . . . . . . . . . . t
I

 ^. . . . . . .  .  au
2'(* . . . .  

' ' » •  . . 1  
I 4 • • I •

I I 4 4

1 .. 0 00 
.  E o e  0CC.0 

8 0 8  00 00 0  
TOO

“MA*............ »
a l l  ■  , 1 . . . . . . . . . . . .

40 0  MILES
I

Figure 28; Climatic Change Regions based upon Trend 
Fittings to Temperature Change and 
Precipitation Change Components



However ,  i n  t h i s  s t u d y  o n ly  w i n t e r  d a t a  were u s e d ,  l i m i t i n g  

t h e  c h o i c e s .  T h e r e f o r e ,  t h e  p r i n c i p l e - c o m p o n e n t  f a c t o r  

s c o r e s  f o r  t e m p e r a t u r e  and  p r e c i p i t a t i o n  d a t a  from t h e  z o n a l  

p e r i o d  were i n c l u d e d  i n  t h e  m a t r i x  o f  v a l u e s  o f  t e m p e r a t u r e  

and  p r e c i p i t a t i o n  c h an g e  from t h e  change  m a t r i x .  T h i s  

m a t r i x  showed t h e  c h a n g e  i n  t h e  most commonly u sed  e l e m e n t s  

i n  c l i m a t e  and  c o n t a i n e d  e l e m e n t s  which  h a v e  a l r e a d y  been  

shown ( i n  C h a p te r  V) t o  p ro du ce  a s p a t i a l l y  homogeneous p a t ­

t e r n .

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

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

b e tw een  t h e  e l e m e n t s  must  be  d e m o n s t r a t e d .  The c o r r e l a t i o n

T a b l e  11

C o r r e l a t i o n  M a t r ix  o f  Z o na l  F a c t o r  S c o r e s  and 

P r e c i p i t a t i o n  and  T e m p e r a tu r e  Change V a lu es

1 2 3 4

1. F a c t o r  1 (Temp) 1.00
2. F a c t o r  2 (P r e c ip )
3 .  T e m p e ra tu re  Change
4 .  P r e c i p i t a t i o n  Change

0 .0 0
1.00

. 13 
- . 0 5  
1 .0 0

- . 0 5  
. 17
.06

1.00

m a t r i x  i n  T a b le  11 d i s p l a y s  t h e  r e s u l t s .  With one hundred  

f o r t y - n i n e  d e g r e e s  o f  f r e e d o m ,  any a b s o l u t e  v a l u e  g r e a t e r  

t h a n  0 . 1 6  i n  t h e  c o r r e l a t i o n  m a t r i x  was s t a t i s t i c a l l y
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s i g n i f i c a & t  a t  t h e  0 ,0 5  c o n f i d e n c e  l e v e l .  At t h i s  l e v e l ,  

o n l y  one c o r r e l a t i o n  v a l u e  (0 .17)  be tw een  F a c t o r  2 and P r e ­

c i p i t a t i o n  Change was s i g n i f i c a n t ,  Ho'wever, a c o r r e l a t i o n  

c o e f f i c i e n t  o f  0 ,2 1  was r e q u i r e d  t o  be s i g n i f i c a n t  a t h e  

0 ,0 1  c o n f i d e n c e  l e v e l .  I n  t h a t  t h e  0 , 1 7  c o r r e l a t i o n  v a lu e  

was b a r e l y  s i g n i f i c a n t  a t  t h e  0 , 0 5  l e v e l  and was n o t  s i g n i f ­

i c a n t  a t  t h e  0,01 l e v e l ,  t h e  c o r r e l a t i o n  was n o t  r e g a r d e d  

s i g n i f i c a n t .  Such a s m a l l  c o r r e l a t i o n  would p ro du ce  l i t t l e  

e f f e c t  on t h e  c l u s t e r i n g  r e s u l t s .

Once o r t h o g o n a l i t y  o f  t h e  a x e s  was c o n f i r m e d ,  t h e  

c l u s t e r i n g  a l g o r t i h n  was a p p l i e d  t o  t h e  d a t a .  The c l u s t e r ­

i n g  was t h e  same a s  t h o s e  used  p r e v i o u s l y  where d i s t a n c e s  i n  

E u c l i d e a n  s p a c e  p r o v id e d  t h e  b a s i s  f o r  t h e  g r o u p i n g s .  The 

c e n t r o i d s  o f  t h e  g r o u p s  became t h e  p o i n t s  i n  n - s p a c e  f o r  

which  ungrouped  s t a t i o n s  o r  o t h e r  g r o u p s  were compared .  

F i g u r e  29 i s  t h e  l i n k a g e  t r e e  t h a t  r e s u l t e d  from t h e  c l u s ­

t e r i n g ,  The c o p h e n e t i c  c o r r e l a t i o n  was 0 . 8 9 ,  d e m o n s t r a t i n g  

t h a t  l i t t l e  d i s t o r t i o n  e x i s t e d  be tw een  r e a l  d i s t a n c e s  and 

i m p l i e d  d i s t a n c e s  on t h e  t r e e .  Any number o f  phenon l i n e s  

may have  been s e l e c t e d  t o  d i v i d e  t h e  c l u s t e r s .  An a t t e m p t  

was made t o  p roduce  be tween  t e n  and tw e n ty  g r o u p i n g s  a s  one 

h u n d r e d  f i f t y - o n e  s t a t i o n s  were used  i n  a i l ,  and an a t t e m p t  

was made t o  b r e a k  t h e  c l u s t e r i n g  a t  some d i s c o n t i n u i t y  i n  

t h e  s i z e  o f  t h e  d i s t a n c e  l e v e l s .  Such a d i s c o n t i n u i t y ,  o r  

jump,  o c c u r r e d  be tw een  t h e  1 .43  and 1.55 d i s t a n c e  l e v e l ;  

t h e r e f o r e ,  t h e  1,50 phenon l i n e  was s e l e c t e d .  I t  a p p e a re d
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Figure 29: Continued
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Figure 29:
11

Continued
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t h a t  t h i s  l i n e  d i v i d e d  t h e  l i n k a g e  t x e e  i n t o  t w e n ty - tw o  

d i s t i n c t i v e  c l u s t e r s  o r  g r o u p s ,  h o w e v e r ,  i n  e i g h t  c a s e s ,  

s i n g l e  s t a t i o n  r e g i o n s  o c c u r r e d .  T h ese  i n c l u d e  P o r t l a n d ,  

O regon ,  San F r a n c i s c o ,  C a l i f o r n i a ,  D e n v e r ,  C o l o r a d o ,  D u l u t h ,  

M in n e s o ta ,  L a n d e r ,  Wyoming, San D ie g o ,  C a l i f o r n i a ,  Yuma, 

A r i z o n a ,  and T a to o s h  I s l a n d ,  W ash in g to n .  T h i s  l e f t  f o u r t e e n  

r e g i o n s  formed n o t  o n ly  on t h e  b a s i s  o f  c l i m a t i c  s i m i l a r i t y ,  

b u t  a l s o  upon s i m i l a r i t y  i n  t h e  t y p e  o f  c l i m a t i c  f l u c t u a t i o n  

t h a t  o c c u r r e d  i n  a s s o c i a t i o n  w i th  a change  i n  t h e  f l o w  p a t ­

t e r n  o f  t h e  u p p e r  a tm o s p h e r e .

Once t h e  c l u s t e r s  were  p l o t t e d  o n to  a map t o  p ro d u ce  

r e g i o n s  b a se d  on c h a n g e ,  i t  became o b v io u s  t h a t  much more 

r e g i o n a l  h om o gen e i ty  was p r e s e n t  when compared t o  p r e v i o u s  

a t t e m p t s  where t h e  z o n a l  c l i m a t e  co m po n en ts  were n o t  u t i ­

l i z e d .  Of t h e  f o u r t e e n  c l u s t e r s  o f  more t h a n  one s t a t i o n  

fo u n d  on t h e  l i n k a g e  t r e e ,  two (16 and  18) d i d  n o t  p ro d u ce  

homogeneous r e g i o n s ,  l e a v i n g  t w e l v e  r e g i o n s  i n  a l l  f o r  f u r ­

t h e r  a n a l y s e s  (see  F i g u r e  30) . The s i n g l e  s t a t i o n  r e g i o n s  

were  e l i m i n a t e d  a s  t h e  v a l i d i t y  o f  a n y  i n t e r p r e t a t i o n  i n  

t h e s e  c a s e s  was q u e s t i o n a b l e .  T a b l e  12 c o n t a i n s  a l i s t i n g  

o f  t h e  s t a t i o n s  t h a t  f e l l  i n t o  each  r e g i o n  a l o n g  w i th  t h e  

t e m p e r a t u r e  and  p r e c i p i t a t i o n  t - s c o r e s  and mean m onth ly  

a b s o l u t e  ch an g e  v a l u e s .

To a i d  i n  t h e  c h a r a c t e r i z a t i o n  each  o f  t h e s e  tw e lv e  

r e g i o n s ,  t h e  c e n t r o i d s  f o r  e a c h  were com puted  and  d i s p l a y e d  

i n  T a b l e  13.  The s c a t t e r  d i a g r a m s  u s e d  i n  C h a p t e r  V were
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Table 12
L i s t i n g  o f  T e m p e ra tu re  and P r e c i p i t a t i o n  t - s c o r e s  and 

Change V a lues  by Change B e g io n s

S t a t i o n  Temp P r e c i p
Reg■ Code S t a t i o n t  D i f f t Dif;

1 1 P o r t l a n d ,  HA .0 9  .08 .06 .0 3
2 Concord ,  NH . 1 9  .24 .06 .0 2

11 Sew York, SY . 2 3  .24 .00 .0 3
8 New Haven,  CT - 0 . 1 9  - 0 . 1 7 - 0 . 3 2 - 0 .  11

Seans  (1) . 1 8  .10 - 0 . 0 5 - 0 . 0 1

2 109 B i l l i n g s ,  HT .2 6  .51 1 .86 . 2 3
111 H e le n a ,  HT . 5 0  1.11 .9 8 .0 9
117 S h e r i d a n ,  a i . 0 3  .09 - 0 . 7 9 - 0 . 0 8
136 B o i s e ,  ID .2 7  .48 .25 .0 4
137 P o c a t e l l o ,  ID . 1 8  .30 .08 .01
134 S a l t  Lake C i t y ,  UT . 0 4  .10 - 0 . 3 5 - 0 .  08
139 W alla  W al la ,  WA . 6 2  .92 .55 . 14
132 Beno, N7 - 0 . 1 9  - 0 . 2 8 .71 . 2 2
140 Yakima, 8A - 0 . 5 8  -1 .0 1 .88 .21
135 Grand J u n c t i o n ,  CO - 0 . 3 1  - 0 . 4 4 .2 8 .0 3
114 Rapid  C i t y ,  SD —0 .4 9  —0.64 1 .02 .0 9

Means (2) .0 3  .10 .5 0 .0 8

3 12 H a r r i s b u r g ,  PA - 0 . 9 8  - 1 . 1 0 1 .35 . 4 6
138 S pokane ,  WA - 0 . 7 0  - 1 .2 2 1 .85 .5 9
112 M is s o u la ,  HT - 0 . 8 5  - 1 .6 0 1.73 .2 7
113 M iles  C i t y ,  HT - 0 . 7 0  —1.54 1 .79 .1 5

88 B ism arck ,  SD - 0 . 6 9  - 1 .4 1 1.90 .11

Means (3) - 0 . 7 9  - 1 . 3 7 1 .72 .3 2

4 6 P r o v i d e n c e ,  SI - 1 . 3 0  - 1 . 3 2 .81 .3 3
7 H a r t f o r d ,  CT - 1 . 1 5  - 1 . 3 8 .13 .0 8

16 A t l a n t i c  C i t y ,  NJ - 1 . 5 1  - 1 .7 1 .29 . 18
19 W ash ing ton ,  DC - 0 . 9 8  - 1 .0 8 - 0 . 3 2 - 0 . 0 7
95 C a i r o ,  IL - 0 . 8 0  - 0 .8 8 .2 5 . 19
67 C i n c i n n a t i ,  OH - 1 . 2 5  - 1 . 4 5 .33 .1 5
70 P a r k e r s b u r g ,  WV - 1 . 0 0  - 1 .2 3 . 13 . 0 7
65 E v a n s v i l l e ,  IN - 0 . 9 6  - 1 . 1 0 .49 . 2 5
64 L o u i s v i l l e ,  KY - 0 . 9 3  - 1 . 2 0 .50 .21
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station Temp Precip
Reg Code Station t Diff t Diff

23 A s h e v i l l e ,  KC - 0 . 5 7  - 0 . 7 3 .26 . 10
143 B e d fo rd ,  CE - 0 . 7 5  -C .7 8 .76 .51

25 G r e e n s b o r o ,  NC - 0 . 7 5  - 0 . 8 8 1.27 .4 8
69 D ay ton ,  OH - 0 . 9 7  - 1 .2 1 - 0 . 2 6 - 0 . 0 9
84 C h ic a g o ,  IL - 0 . 9 7  - 1 . 2 2 - 0 . 4 0 - 0 . 1 1
77 T o le d o ,  OH - 1 . 3 2  - 1 . 7 5 .56 . 17
78 F o r t  Hayne,  IN - 0 . 8 1  - 1 .0 1 .26 .11
76 C l e v e l a n d ,  OH - 1 . 0 8  - 1 .5 1 .3 2 .0 9
79 D e t r o i t ,  HI - 0 . 4 8  - 0 .5 4 .48 . 13
14 H ead ing ,  PA - 0 . 3 9  - 0 .4 1 .42 . 19
17 T r e n t o n ,  NJ - 0 . 3 1  - 0 .3 0 .67 .27
72 B u f f a l o ,  NI - 0 . 7 6  - 0 . 8 7 .5 7 .20
74 S y r a c u s e ,  NY - 0 . 3 3  - 0 . 3 5 .01 . 0 2
73 R o c h e s t e r ,  NY - 0 . 5 5  - 0 . 5 5 .09 .04

9 A lb an y ,  NY - 0 . 2 5  - 0 . 3 1 .68 .21
83 S a u l t  S t e .  H a r i e ,  HI - 1 . 8 0  - 2 . 1 9 .58 .11

108 Huron,  SD - 1 . 6 3  - 2 . 9 0 .90 . 10
71 P i t t s b u r g h ,  PA —1.66 —2.26 .29 .11
68 Columbus,  OH - 1 . 7 4  - 2 . 3 7 .7 8 .2 7
66 I n d i a n a p o l i s ,  IN - 1 . 4 2  - 1 . 7 7 1. 18 . 4 7
75 E r i e ,  PA - 1 . 6 7  - 1 . 9 5 1.07 .3 0
15 S c r a n t o n ,  PA - 1 . 7 6  - 1 . 9 4 1.34 .3 9
20 L y n chburg ,  VA - 1 . 8 7  - 2 . 0 6 - 0 . 3 6 - 0 . 0 8
13 P h i l a d e l p h i a ,  PA - 1 . 6 4  - 2 . 0 0 - 0 . 3 2 - 0 . 1 0
82 M a r q u e t t e ,  HI - 1 . 3 7  - 1 .7 1 - 1 . 0 5 - 0 ,  18
96 P e o r i a ,  IL - 1 . 5 5  - 1 . 8 7 - 0 . 7 7 - 0 . 2 9

107 S io u x  C i t y ,  lA - 1 . 3 0  - 1 .5 4 - 0 .  15 - 0 . 0 1
86 Milwaukee,  * I - 1 . 6 6  - 2 . 1 4 - 0 . 1 5 - 0 . 0 4
90 M i n n e a p o l i s ,  MN - 1 . 1 0  - 1 . 7 5 - 0 . 9 3 - 0 .  13
89 W i l l i s t o n ,  ND - 0 . 5 9  - 1 . 3 0 .10 .01

110 H a v re ,  HT - 0 . 4 9  - 1 . 2 0 .06 .00
3 B u r l i n g t o n ,  VT - 0 . 4 5  - 0 . 5 4 - 0 . 2 8 - 0 . 0 7

Means (4) - 1 . 0 7  - 1 . 3 5 .25 . 11

24 C h a r l o t t e ,  NC - 1 . 1 6  - 1 . 4 8 - 0 . 1 2 - 0 . 0 3
47 New O r l e a n s ,  LA - 1 . 4 7  - 2 . 2 7 - 0 . 0 8 - 0 . 0 0
28 W ilm in g to n ,  NC - 1 . 1 7  - 1 . 4 0 - 0 . 3 8 - 0 .  15
44 Montgomery, AL - 1 . 2 9  - 1 . 8 8 .14 .10

147 S a c ra m e n to ,  CA - 0 . 7 5  - 0 . 6 3 - 0 . 2 6 - 0 . 2 1
58 P o r t  A r t h u r ,  TX - 0 . 9 3  - 1 . 1 4 - 0 . 6 2 - 0 . 3 4
41 P e n s a c o l a ,  FL - 0 . 8 7  - 1 . 2 5 0.00 0 .03
45 M e r i d i a n ,  MS - 1 . 0 5  - 1 .5 4 - 1 . 0 4 - 0 .  60
46 V ic k s b u r g ,  MS - 0 . 9 6  - 1 . 1 3 - 0 . 6 4 - 0 .  43
26 H a t t e r a s ,  NC —0 .8 7  - 0 . 9 6 - 0 . 4 6 - 0 . 2 3
43 M o b i le ,  AL - 0 . 9 8  - 1 . 4 3 1.18 .5 0

141 S e a t t l e ,  HA - 0 . 0 9  - 0 . 0 8 1.39 . 66
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station Temp Precip
Eeg Code Station t Diff t Diff

39 Maçon, GA
145 E o se b n rg ,  OS
61 K n o x v i l l e ,  TN 
63 N a s h v i l l e ,  TN
62 Memphis, TN
50 L i t t l e  Rock, AE 
38 A t l a n t a ,  GA
31 G r e e n v i l l e ,  SC

146 E u r ê k a ,  CA
60 C h a t t a n o o g a ,  TN 
42 Birmingham, AL

Means (5)

6 144 P o r t l a n d ,  OS

7 49 F o r t  S m i th ,  AE
48 S h r e v e p o r t ,  LA

Means (7)

8 143 San F r a n c i s c o ,  CA

9 30 C o lum bia ,  SC
29 C h a r l e s t o n ,  SC 
33 S avannah ,  GA
32 A u g u s ta ,  GA 
27 H a l e i g h ,  NC 
22 Richmond, VA 
21 N o r f o l k ,  VA

Means (9)

10 5 N a n t u c k e t ,  MA
4 B o s to n ,  MA

Means (10)

11 115 Cheyenne,  9 ï  
122 Dodge C i t y ,  KS
120 P u e b l o ,  CO
129 A lb u g u e rg u e ,  HM 
126 A m a r i l l o ,  T%
104 L i n c o l n ,  NE
121 C o n c o r d ia ,  KS
105 Omaha, NB
102 S p r i n g f i e l d ,  MO

- 0 . 2 3  - 0 . 2 7  
- 0 . 7 4  - 0 .6 9  
- 0 . 7 5  - 1 . 0 1  
- 0 . 7 2  - 0 . 9 4  
- 0 . 5 7  - 0 . 6 2  
- 0 . 8 1  - 0 , 8 0  
- 0 . 6 5  - 0 . 9 4  
- 0 . 6 3  - 0 .7 1  
- 0 . 0 3  - 0 .0 2  
—0 .5 0  —0,66 
—0 .5 6  - 0 .7 3

.4 9  .3 2  

.98  .9 9  
.3 3  . 2 7  
.2 4  . 2 0  
.18  . 1 3  
.6 5  .51 
.56  .30  
.4 8  .29  
.0 7  .08  

- 0 . 5 6  - 0 . 4 3  
- 0 . 2 5  - 0 . 1 8

- 0 . 7 7  - 0 . 9 8 .10  . 0 8

- 1 . 8 0  - 1 . 8 7 - 0 . 7 4  - 0 . 5 8

- 0 . 4 3  - 0 .4 6  
- 0 , 5 5  - 0 .5 4

- 2 . 0 6  - 1 .  19 
- 1 . 4 8  - 0 .  90

- 0 . 4 9  —0.50 - 1 . 7 7  - 1 . 0 4

- 2 . 2 0  - 1 . 9 2 - 0 . 4 1  - 0 . 3 3

- 1 . 3 2  - 1 . 7 5  
- 1 . 6 1  - 2 .0 2  
- 2 . 2 3  —2.66 
- 1 . 4 7  - 1 . 9 9  
- 1 . 8 1  - 2 .0 3  
- 1 . 5 5  - 1 . 6 7  
- 1 . 8 8  - 2 . 1 5

2 .3 8  1 .44  
.4 9  .3 4  
.3 2  .21 

1 .14  .7 8  
.7 2  .3 0  

1 .41 .5 3  
1.43 .4 6

- 1 . 7 0  —2.04 1.13  .5 4

- 0 . 3 7  - 0 .3 1  
.1 2  .11

2 .2 5  .7 4  
1 .82  .3 9

- 0 . 1 0  - 0 . 1 0 2 .0 3  .81

.1 6  .20 
- 0 . 2 7  - 0 . 2 7  

. 0 2  .01 
- 0 . 1 5  - 0 .1 9  
- 0 . 1 9  - 0 .2 1  
- 0 . 8 2  -C .9 5  
- 1 . 0 9  - 1 .1 2  
—0.98  —1.03 
- 0 . 5 5  - 0 . 4 3

- 2 . 3 6  —0 .2 6  
- 2 . 4 4  - 0 . 3 5  
- 1 . 3 3  - 0 . 0 9  
—0 .3 5  - 0 . 0 4  
- 0 . 8 1  - 0 .  19 
- 1 . 7 1  - 0 . 3 5  
- 1 . 1 6  - 0 .2 1  
- 0 . 9 4  - 0 . 2 0  
- 1 . 3 5  - 0 . 3 4
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station Temp Precip
Eeg Code Station t Diff t Diff

133 ï i n n e a u c c a ,  N7 - 0 . 1 3  - 0 . 2 4  - 0 . 9 3  - 0 . 1 7
100 K ansas  C i t y ,  flO - 0 . 2 2  - 0 . 2 2  - 1 . 0 5  - 0 . 2 4

Beans (10) - 0 . 3 8  - 0 . 4 0  - 1 . 3 1  - 0 . 2 2

12 35 Key West,  FL - 0 . 8 1  - 0 . 8 1  . 3 2  . 1 6
36 Miami, FL - 0 . 7 3  - 0 . 7 1  .4 6  . 2 2
53 C orpus  C h r i s t i ,  T2 - 0 . 6 4  - 0 . 6 3  .5 4  .3 1
52 B r o w n s v i l l e ,  TX - 0 . 5 3  - 0 . 5 4  .3 9  . 2 4
37 T a a p a ,  FL - 1 . 2 2  - 1 . 5 8  .3 8  . 2 3

Means (12) - 0 . 7 9  - 0 . 8 5  .4 2  . 2 3

13 59 San A n to n io ,  TX - 0 . 3 5  - 0 . 2 9  - 0 . 0 9  - 0 . 0 1
149 F r e s n o ,  CA - 0 . 8 3  - 0 . 7 4  . 1 2  . 0 6
125 A b i l e n e ,  TX - 0 . 6 3  - 0 . 4 9  - 0 . 4 9  - 0 . 1 4
130 P h o e n i x ,  A2 - 0 . 6 6  - 0 . 6 3  - 0 . 5 6  - 0 . 1 3
128 E l  P a s o ,  TX - 0 . 3 5  - 0 . 4 0  - 1 . 2 4  - 0 . 1 3
127 R o s w e l l ,  NH - 1 . 2 6  - 1 . 5 9  - 0 . 5 9  - 0 . 0 8
51 A u s t i n ,  TX - 0 . 0 7  - 0 . 0 3  - 0 . 7 0  - 0 . 2 9
54 D a l l a s ,  TX - 0 . 2 8  - 0 . 2 0  - 0 . 5 8  - 0 . 4 2

150 Los A n g e l e s ,  CA - 0 . 2 8  - 0 . 2 7  - 1 . 2 0  - 0 . 8 6
55 F o r t  W orth ,  TX - 1 . 2 4  - 0 . 8 9  - 1 . 0 4  - 0 . 5 1
40 A p a l a c h i c o l a ,  PL - 0 . 8 0  - 1 . 0 8  - 1 . 0 4  - 0 . 5 5
56 G a l v e s t o n ,  TX - 0 . 8 0  - 0 . 8 8  - 0 . 7 3  - 0 . 3 9
57 H o u s to n ,  TX - 0 . 7 2  - 0 . 7 6  .1 2  , 1 1
34 J a c k s o n v i l l e ,  PL - 1 . 3 3  - 1 . 8 6  - 0 . 1 7  - 0 . 0 5

Means (13) - 0 . 6 9  - 0 . 7 2  - 0 . 5 9  - 0 . 2 4

14 119 D e n v e r ,  CO - 1 . 6 8  - 2 .1 1  1.51 . 1 8

15 80 A lp e n a ,  MI - 2 . 4 0  - 2 . 9 3  - 0 . 9 5  - 0 . 2 0
93 Des M oines ,  lA - 2 . 4 0  - 2 . 9 3  - 1 . 1 6  - 0 . 2 8
98 S t .  L o u i s ,  MO - 2 . 5 6  - 2 . 6 2  - 1 . 0 7  - 0 . 3 1
97 S p r i n g f i e l d ,  IL - 2 , 5 0  - 2 . 7 0  - 1 . 2 2  - 0 . 3 3
85 Green Bay, WI - 2 . 2 4  - 3 . 1 0  - 1 . 9 2  - 0 . 2 8
99 C o lu m b ia ,  MO - 1 . 7 5  - 1 .6 1  - 1 . 6 9  - 0 . 4 4

118 N o r th  P l a t t e ,  NB - 2 . 3 8  - 2 . 7 5  - 0 . 5 6  - 0 . 0 5
124 Oklahoma C i t y ,  OK - 2 . 5 2  - 1 . 6 7  - 2 . 0 9  - 0 . 5 4
103 T op ek a ,  KS - 2 . 7 0  - 2 . 3 8  - 2 . 7 1  - 0 . 6 8
101 S t .  J o s e p h ,  MO - 2 . 0 3  - 2 . 0 4  - 2 . 7 8  - 0 . 6 3
106 V a l e n t i n e ,  NB - 1 . 4 9  - 1 . 7 1  - 2 . 1 1  - 0 . 2 1

92 M ad ison ,  WI - 1 . 5 6  - 2 . 1 4  - 2 . 6 9  - 0 . 4 1

Means (15) - 2 . 2 1  - 2 . 3 8  - 1 . 7 5  - 0 . 3 6
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station
Reg Code Station

Temp 
t  D i f f

P r e c i p  
t  D i f f

16 123 S i c h i t a ,  KS - 1 . 2 6  - 0 . 9 8 - 3 . 5 8  - 0 , 76
91 La C r o s s e ,  HI - 0 , 7 1  - 1 . 1 5 - 3 , 4 8  - 0 , 44

Means (16) - 0 , 9 9  - 1 . 0 7 - 3 , 5 3  - 0 . 60

17 87 D u lu th ,  MN - 2 . 4 9  - 3 . 7 1 1,41 19

18 18 B a l t i m o r e ,  MD - 3 . 1 0  - 3 , 5 0 - 0 . 5 0  - 0 , 14
94 Dubuque, lA - 3 , 4 3  - 4 . 2 1 - 0 , 0 3  - 0 . 01
81 Grand R a p id s ,  MI - 2 . 8 8  - 3 , 0 2 .50 12
10 Bingham ton,  R7 - 3 , 1 6  - 3 , 6 3 ,43 14

Means (18) - 3 , 1 4  - 3 . 5 9 ,10 03

19 116 L a n d e r ,  HY 1.13  2 .0 4 - 0 . 2 9  -0 . 03

20 151 San Diego ,  CA 1 .2 4  1.13 — 2 ,2 2  —1. 01

21 131 Yuma, AZ 1.26  1 .27 - 0 . 6 3  - 0 , 08

22 142 T a to o s h  I s l a n d ,  HA - 0 . 3 8  - 0 . 4 5 1 .13  1, 03

i n a p p r o p r i a t e  h e re  a s  t h e s e  c l u s t e r s  were p ro d u c e d  i n  a f o u r  

d i m e n s i o n a l  m odel .  The means f o r  c e n t r o i d s  p r e s e n t e d  i n  

T a b l e  13 came from s t a n d a r d i z e d  v a r i a b l e s .  T a b le  14 p r e s ­

e n t s  t h e  means and s t a n d a r d  d e v i a t i o n s  o f  e a c h  v a r i a b l e  i n  

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

t h e  r e s u l t s .  T em p e ra tu re  and p r e c i p i t a t i o n  v a l u e s  were 

a v e r a g e s ,  t h r o u g h  s p a c e ,  f o r  t h e  t e n  y e a r  z o n a l  means from 

e a c h  s t a t i o n  f o r  e a c h  w i n t e r  month .  F a c t o r s  1 and 2 were 

d e r i v e d  from t h e s e  m e a s u re s .  The t e m p e r a t u r e  change  and 

p r e c i p i t a t i o n  c h an g e  v a l u e s  were t h e  a v e r a g e s ,  t h r o u g h  

s p a c e ,  o f  t h e  t - s c o r e s  c a l c u l a t e d  f o r  each  o f  t h e s e  v a r i a -
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Figure 30; Climatic Change Regions based upon Combined
Zonal and Precipitation and Temperature Change Data



T ab le  13 

C e n t r o i d s  f o r  c l u s t e r s  o f  t h e  

Twelve Change R eg io n s

,

R egion
F a c t o r  1 

(Temp)
F a c to r  2 
(P re c ip )

Temp
Change

P r e c ip
Change

1 - 1 .0 4 .8 2 1.22 .0 3
2 - 0 .3 8 - 0 .9 4 1.16 .5 3
3 - 0 .8 5 - 0 .6 6 .18 1 .53
4 - 0 .6 7 .0 6 - 0 .1 6 .31
5 .5 4 1 .34 .20 . 17
7 .5 0 .9 4 .5 4 - 1 .5 2
9 .80 .21 - 0 .9 1 1.10

10 - 0 .6 8 .3 6 ,9 7 1.91
11 - 0 .1 6 - 0 .9 4 .66 - 1 .1 1
12 2 .6 8 - 1 .0 7 .18 .4 6
13 1 .38 - 0 .4 9 .30 - 0 .  46
15 - 0 .5 3 - 0 .5 6 - 1 .5 2 - 1 .5 0

b l e s  a t  e ach  s t a t i o n .

The n o r t h e r n  New E ngland  r e g i o n  (1) was c h a r a c t e r ­

i z e d  by t e m p e r a t u r e s  a ro u n d  25 d e g r e e s ,  w hich  were a f u l l  

s t a n d a r d  d e v i a t i o n  below t h e  n a t i o n a l  mean. P r e c i p i t a t i o n  

v a l u e s  were g e n e r a l l y  above 3 ,00  i n c h e s ,  w hich  were w e l l  

above  t h e  n a t i o n a l  a v e r a g e s .  The m ost s i g n i f i c a n t  f e a t u r e  

i n  t h i s  r e g io n  was t h a t  t e m p e r a tu r e  on a v e r a g e ,  showed an 

a b s o l u t e  i n c r e a s e  o f  0 .1 0  d e g re e s  b e tw een  t h e  t im e  p e r i o d s .  

P r e c i p i t a t i o n  v a lu e s  rem a in e d  e s s e n t i a l l y  u n a l t e r e d  (a 

d e c l i n e  o f  0 .0 1  i n c h e s  f o r  an a v e r a g e ) .  The s t a t i o n s  i n  

t h i s  g ro u p in g  were l o c a t e d  in  New E n g la n d , a l l  n e a r  t h e
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Table 14
S e a n s  and  s t a n d a r d  D e v ia t io n s  o f  V a r i a b l e s  Used 

As I n p u t  i n  t h e  C l u s t e r i n g  A lg o r i th m

V a r ia b l e Mean S td .  Dev.

Temp (D,Z) 38 .0 3 11.41
Temp (J ,Z ) 33-96 12.32
Temp (F,Z) 3 7 .1 7 12 .46
P r e c i p  (D,Z> 2 .5 9 1.68
P r e c i p  (J ,Z ) 2 .3 5 1.43
P r e c ip  (F,Z) 2 .2 7 1 .46
Temp. Change - 0 .9 4 .8 4
P r e c i p .  Change - 0 .0 9 1.11

c o a s t .  The t y p e  o f  ch ang e  o b se rv e d  h e r e  was t h e  k in d  t h a t  

would be e x p e c te d  a s  t h e  c i r c u l a t i o n  c h a n g e d .  D uring  t h e  

z o n a l  p e r i o d ,  fe w e r  t r o p i c a l  a i r  m asse s  were a b l e  t o  pene­

t r a t e  t o  t h i s  n o r t h e r l y  l o c a t i o n .  S i t h  an u p p e r  l e v e l  

t r o u g h  l o c a t e d  o v e r  t h e  m idw est i n  t h e .  m e r i d io n a l  p e r io d .  

Hew E ng land  would o f t e n  be l o c a t e d  ahead  o f  t h e  t r o u g h ,  

a l l o w i n g  t h e  a d v e c t i o n  o f  warmer a i r  m asses .  The r e g io n  

f e l l  a lo n g  t h e  e x i t  p a th  o f  m ost c y c l o n i c  s to r m s  i n  t h e  

U n i te d  S t a t e s ,  and a s  r e s u l t ,  a  good amount o f  p r e c i p i t a t i o n  

c o u ld  be e x p e c te d  u n d e r  m ost c i r c u l a t i o n  t y p e s .

R egion  10 r e p r e s e n t e d  a more s e v e r e  c a s e  when com­

p a re d  t o  t h e  s t a t i o n s  i n  r e g i o n  1 , Both s t a t i o n s  t h a t  

fo rm ed  t h i s  t y p e ,  B oston  and H a n tu c k e t ,  M a s s a c h u s e t t s ,  were
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a o r e  o c e a n ic  t h a n  t h e  s t a t i o n s  o f  r e g i o n  1, The o c e a n ic  

e f f e c t  m o d e ra te d  t h e  t e m p e r a t u r e s  a s  seen  i n  t h e  f a c t o r  1 

v a lu e  o f  o n ly  - 0 . 6 8 ,  and d u r in g  t h e  z o n a l  p e r i o d ,  p r e c i p i t a ­

t i o n  v a l u e s  were c o m p a ra b le  t o  t h o s e  f o r  r e g i o n  1. The 

t e m p e r a t u r e  c h a n g e  v a s  s i m i l a r  t o  t h e  hev E n g lan d  c a s e  (a 

s m a l l  d e c r e a s e  o f  0 .1 0  d e g re e s  was t h e  a v e r a g e ) ,  b u t  w hat 

d i f f e r e n t i a t e s  t h e s e  s t a t i o n s  was t h e  l a r g e  i n c r e a s e  i n  p r e ­

c i p i t a t i o n  o f  0 .8 1  i n c h e s  a s  t h e  c i r c u l a t i o n  s h i f t e d  from  a 

z o n a l  t o  a m e r i d io n a l  p a t t e r n .  s i n c e  t h i s  r e g i o n  was n o r ­

m a l ly  w e l l  ahead  o f  t h e  m id w e s te rn  t r o u g h ,  d iv e r g e n c e  a l o f t  

e n c o u ra g e d  v e r t i c a l  m o tion  i n  t h e  a tm o s p h e r e .  T hese  two 

s t a t i o n s  were c l o s e  t o  t h e  s e a  where a good am ount o f  m ois­

t u r e  was r e a d i l y  a v a i l a b l e  t o  t h e  a tm o s p h e re .  The u p p e r  a i r  

s u p p o r t  t r i g g e r e d  more p r e c i p i t a t i o n ,  e x p l a i n i n g  t h e  l a r g e  

i n c r e a s e  i n  p r e c i p i t a t i o n  which d i s t i n g u i s h e d  t h i s  r e g i o n .

F a l l i n g  b e n e a th  th e  t r o u g h  t h a t  d e v e lo p e d  more f r e ­

q u e n t l y  i n  t h e  m idw est i n  t h e  m e r i d i o n a l  p e r i o d  was a l a r g e  

r e g i o n  (4) t h a t  was b ro k en  i n t o  two s e c t i o n s .  The e a s t e r n  

s e c t i o n  e x te n d e d  from t h e  s o u t h e r n  s h o r e s  o f  Lake S u p e r io r  

s o u th w a rd  t o  t h e  Ohio f i iv e r  and  e x te n d e d  e a s tw a r d  t o  t h e  

A t l a n t i c  c o a s t .  The t y p e  o f  chan ge  a s s o c i a t e d  w i th  t h i s  

r e g i o n  was a d ro p  i n  t e m p e r a t u r e  o f  1 .3 5  d e g r e e s  on a v e ra g e  

which was o v e r  one s t a n d a r d  d e v i a t i o n ,  and an i n c r e a s e  o f  

0 .1 1  i n c h e s  i n  p r e c i p i t a t i o n .  The d e c r e a s e d  t e m p e r a t u r e s  

c o u ld  b e  e x p l a i n e d  by t h e  a d v e c t i o n  o f  p o l a r  a i r  m asses 

b e n e a th  t h e  u p p e r  l e v e l  t r o u g h .  The i n c r e a s e  i n  p r e c i p i t a ­
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t i o n  was a t t r i b u t e d  t o  g r e a t e r  e f f i c i e n c y  o f  t h e  

p r e c i p i t a t i o n  fo rm in g  p r o c e s s e s .  T hese  s t a t i o n s  f e l l  a lo n g  

t h e  s to rm  t r a c k s  o f  t h e  m e r id io n a l  p e r i o d  an d  would r e c e i v e  

g r e a t e r  num bers o f  c y c l o n i c  s to r m s  a s  r e s u l t .  The same 

e x p l a n a t i o n  c o u ld  be e x te n d e d  t o  i n c l u d e  t h e  w e s te rn  s e c t i o n  

o f  t h i s  c l i m a t i c  ch an ge  r e g i o n .

A d i s t i n c t i v e  c l i m a t i c  chan ge  g ro u p in g  (15) was 

fo u n d  be tw een  t h e  two s e c t i o n s  o f  r e g i o n  4 . The z o n a l  tem p­

e r a t u r e s  were v e ry  s i m i l a r  t o  t h o s e  found  i n  r e g i o n  4 , b u t  

c o n d i t i o n s  were s u b s t a n t i a l l y  d r i e r  i n  r e g io n  15 compared to  

s u r r o u n d in g  r e g i o n s .  The c h a n g e s  t h a t  o c c u r r e d  in  c l i m a t e  

m ark ed ly  s e p a r a t e d  t h e s e  two a d j a c e n t  r e g i o n s .  F o r r e g io n  

15, t e m p e r a t u r e s  f e l l  an  a v e r a g e  o f  2 .38 d e g r e e s  and t h e  

a v e r a g e  t - s c o r e  was - 2 . 2 1 .  The z o n a l  c o n f i g u r a t i o n  a p p a r ­

e n t l y  a l lo w e d  g r e a t e r  f r e q u e n c i e s  o f  w a rs ,  mT a i r  m asses t o  

p e n e t r a t e  i n t o  t h i s  r e g i o n .  The a d v e c t i o n  o f  c o o l e r  a i r  

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

t e m p e r a t u r e .  Along w i th  t h e  l a r g e  d e c l i n e  i n  t e m p e r a t u r e ,  

p r e c i p i t a t i o n  d e c r e a s e d  an a v e ra g e  o f  0 .3 6  i n c h e s .  For a l l  

s t a t i o n s  i n  t h i s  r e g i o n ,  two f a c t o r s  c o n t r i b u t e d  t o  t h i s  

f i n d i n g :  (1) t h e s e  s t a t i o n s  were l o c a t e d  j u s t  ah ead  o f  t h e

u p p e r  l e v e l  r i d g e  o v e r  t h e  R o c k ie s  where c o n v e rg e n c e  i n  t h e  

f lo w  i n h i b i t e d  v e r t i c a l  m o tio n s  and  p r e c i p i t a t i o n  f o r m a t io n ,  

and  (2) t h e  t re m e n d o u s  d e c l i n e  i n  t e m p e r a tu r e  l i m i t e d  th e  

am ount o f  m o is tu r e  t h e  a i r  m asses  c o n ta in e d .

A d ja c e n t  t o  t h i s  r e g io n  was c l u s t e r  11 where t e m p e r -

— 167 —



a t u r e s  d e c l i n e d  on t h e  a v e ra g e  o f  0 .4 0  d e g r e e s ,  and a 

d e c l i n e  i n  p r e c i p i t a t i o n  o f  0 .2 2  i n c h e s  was o b s e r v e d .  The

a v e r a g e  s t a t i o n  i n  t h i s  r e g io n  showed a d ro p  in  p r e c i p i t a ­

t i o n  betw een  th e  two t i a e  p e r i o d s  o f  o v e r  one s t a n d a r d  d e v i ­

a t i o n .  T e m p e ra tu re s  on a v e r a g e  f e l l  a b o u t  one h a l f  o f  one 

s t a n d a r d  d e v i a t i o n .  The l a r g e  d e c l i n e  i n  p r e c i p i t a t i o n  

c o u ld  be e x p la in e d  by t h e  l o c a t i o n  o f  t i e  r e g i o n  r e l a t i v e  t o  

t h e  se m i-p e rm a n e n t  u p p e r  l e v e l  r i d g e  o v e r  t h e  S o c k ie s  d u r in g  

t h e  m e r id io n a l  p e r i o d ,  Hegion 11, j u s t  a s  r e g i o n  15 ( se e  

F i g u r e  3 0 ) ,  was l o c a t e d  ahead  o f  th e  r i d g e  w here  c o n v e rg e n c e  

a l o f t  i n h i b i t e d  p r e c i p i t a t i o n  fo rm in g  p r o c e s s e s .  One o f  t h e  

more s t r i k i n g  f e a t u r e s  o f  t h i s  r e g i o n  was i t s  p ro x im i ty  t o  

r e g i o n s  4 and 15 on i t s  e a s t e r n  s i d e ,  Hegion 4 d i s p l a y e d

much g r e a t e r  t e m p e r a tu r e  d e c r e a s e s  and a s l i g h t  i n c r e a s e  i n

p r e c i p i t a t i o n ;  r e g i o n  15 showed an enorm ous d e c r e a s e  i n  

t e m p e r a t u r e  and  p r e c i p i t a t i o n .  By com paring  th e  c h a r a c t e r ­

i s t i c s  o f  chan ge  f o r  t h e s e  t h r e e  r e g i o n s ,  i t  became a p p a r e n t  

t h a t  t h i s  a r e a  o f  t h e  c o u n t r y  c o n ta in e d  a s t e e p  g r a d i e n t  i n  

a c l i m a t i c  change  s u r f a c e .  W ith in  o n ly  a few hun d red  m i l e s ,  

v e r y  d i f f e r e n t  " t y p e s "  o f  c l i m a t i c  c h an g e s  c o u ld  be 

o b s e r v e d .

C o n t in u in g  t h e  s u rv e y  o f  r e g i o n s  a c r o s s  t h e  n o r t h e r n  

one  h a l f  o f  t h e  U n i te d  S t a t e s ,  th e  n e x t  r e g i o n  e n c o u n te r e d  

(2) was one do m in a ted  by an a b s o l u t e  i n c r e a s e  o f  0 .1 0  

d e g r e e s  i n  t e m p e r a t u r e  a s s o c i a t e d  w ith  a s h i f t  i n  t h e  c i r c u ­

l a t i o n  p a t t e r n .  Warm a i r  a d v e c t i o n  b e n e a th  th e  r i d g e  o v e r
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t h e  R o c k ie s  was r e s p o n s i b l e  f o r  t h e  i n c r e a s e  i n  t e m p e r a t u r e .  

T hese  s t a t i o n s  d i d ,  how ever, l i e  on t h e  w e s te r n  m arg in  o f  

t h e  u p p e r  l e v e l  r i d g e  where d iv e r g e n c e  a l o f t  was s u p p o r t i n g  

p r e c i p i t a t i o n  fo rm ing  p r o c e s s e s ,  e x p l a i n i n g  t h e  i n c r e a s e  o f  

0 .8 0  i n c h e s  d e te rm in e d  f o r  p r e c i p i t a t i o n  v a l u e s .

To t h e  n o r th  o f  t h i s  r e g i o n  was a s m a l l ,  b roken  

r e g i o n  <3) do m ina ted  by a l a r g e  i n c r e a s e  in  p r e c i p i t a t i o n  o f  

0 .3 0  i n c h e s .  The h ig h  p r e s s u r e  r i d g e  o v e r  t h e  R o c k ie s  

f o r c e d  c y c l o n i c  s to r m s  from t h e  P a c i f i c  t o  p a s s  o v e r  t h i s  

n o r t h e r l y  l o c a t i o n  d u r in g  t h e  m e r i d io n a l  p e r i o d ,  a c c o u n t in g  

f o r  th e  i n c r e a s e  i n  p r e c i p i t a t i o n  d e te rm in e d  f o r  t h i s  

r e g i o n .  T em p era tu re s  i n  t h i s  r e g i o n  f e l l  an  a v e r a g e  o f  1 .3 7  

d e g r e e s .

The n e x t  r e g i o n  e n c o u n te re d  (5) was one  fo u n d  in  t h e  

N o r th w e s t  and th ro u g h o u t  t h e  A m erican S o u th .  Both o f  t h e s e  

a r e a s  showed above a v e ra g e  t e m p e r a t u r e s  and p r e c i p i t a t i o n  

l e v e l s  f o r  t h e  z o n a l  p e r i o d .  A v e rag es  f o r  t h e  ch an g e  meas­

u r e s  d e m o n s t r a te d  t h a t  t e m p e r a t u r e s  g e n e r a l l y  d e c r e a s e d  

a p p ro x im a te ly  one d e g re e  which r e p r e s e n t e d  a b o u t  t h r e e  

f o u r t h s  o f  one s t a n d a r d  d e v i a t i o n  f o r  e a c h  s t a t i o n .  A 

h i g h e r  f r e q u e n c y  o f  c o ld  a i r  i n f l u x  i n t o  th e  S o u th  e x p la in e d  

t h i s  d e c r e a s e  i n  t e m p e r a t u r e s .  Warm sea  s u r f a c e  te m p e ra ­

t u r e s  i n  t h e  North p a c i f i c  p ro d u ced  a deep t r o u g h  o v e r  t h e  

P a c i f i c  a l lo w in g  f o r  c o ld  a i r  a d v e c t i o n  i n  t h e  N o r th w e s t  

{Namias, 197 0 ) . The g r e a t e r  f r e q u e n c y  of p o l a r  a i r  m asses 

e x p la in e d  t h e  d rop  i n  t e m p e r a tu r e  o v e r  th e  N o r th w e s t .  The
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i n c r e a s e  i n  p r e c i p i t a t i o n  f o r  t h e  s t a t i o n s  i n  g ro u p  5 was 

s m a l l  (0 .0 8  i n c h e s  on a v e r a g e ) ,  i n d i c a t i n g  l i t t l e  change  

b e tw ee n  t h e  two p e r i o d s  '  i n  t h i s  e le m e n t .  The N o rth w es t  

r e c e i v e d  s u f f i c i e n t  m o is tu re  i n  m ost t y p e s  o f  c i r c u l a t i o n ;  

t h e  Sou th  r e c e i v e d  a  g r e a t e r  number o f  c y c l o n i c  s to rm s  i n  

t h e  a e r d i o n a l  p e r i o d ,  c o u n t e r a c t i n g  any  d e c r e a s e s  i n  p r e c i p ­

i t a t i o n  t h a t  a r o s e  from  a l o s s  i n  c o n v e c t i v e  a c t i v i t y  a s s o ­

c i a t e d  w i th  a  d e c r e a s e  i n  t e m p e r a t u r e .

F la n k in g  b o th  s i d e s  o f  t h e  c o a s t  i n  H egion 5 i n  t h e  

S o u th  w ere t h e  s t a t i o n s  from c l u s t e r  9 .  I t  was a change 

r e g i o n  marked by v e ry  l a r g e  d r o p s  i n  t e m p e r a tu r e  o f  o v e r  

2 .0 0  d e g r e e s  and s u b s t a n t i a l  i n c r e a s e s  i n  p r e c i p i t a t i o n  o f

0 .5 4  i n c h e s .  The c h a n g e s  o b s e r v e d  i n  t h e  more s o u t h e r l y  

r e g i o n  5 w ere  g r e a t l y  a c c e n t u a t e d  t h r o u g h o u t  t h i s  r e g i o n .  

T h is  was a r e g io n  t h a t  f e l l  j u s t  ahead  o f  t h e  se m i-p e rm a n e n t  

t r o u g h  o f  t h e  m idw es t,  i n  a l o c a t i o n  where maximum d i v e r ­

g e n c e  o c c u r r e d  i n  t h e  u p p e r  l e v e l s  o f t h e  t r o p o s p h e r e .  I t  

i s  w e ll-k now n  by s y n o p t i c  m e t e o r o l o g i s t s  t h a t  lew  p r e s s u r e  

s y s te m s  a t  t h e  s u r f a c e  a r e  o f t e n  p o s i t i o n e d  ahead  o f  t h e  

c e n t e r  o f  t h e  low p r e s s u r e  sy s te m  i n  t h e  u p p e r  l e v e l s  ( P e t -  

t e r s s e n ,  1958: 1 6 0 - 1 6 3 ) . ,  T h is  r e g i o n  (9) would f r e q u e n t l y  be 

fo u n d  i n  t h i s  p o s i t i o n  d u r i n g  t h e  m e r id io n a l  p e r i o d .  The 

c y c l o n i c  s y s te m s  p a s s in g  th ro u g h  r e g i o n  9 c a r r i e d  w ith  them 

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

a nd  g r e a t e r  am ounts o f  p r e c i p i t a t i o n .  The p r e c i p i t a t i o n  

i n c r e a s e  was p a r t i c u l a r l y  h igh  i n  t h i s  r e g io n  due t o
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i n c r e a s e d  m o is tu r e  a v a i l a b i l i t y  a s s o c i a t e d  w i th  i t s  c o a s t a l  

l o c a t i o n .

R egion  12 c o v e re d  a l l  o f  s o u t h e r n  F l o r i d a  and t h e  

s o u t h e r n  c o a s t a l  s e c t i o n  o f  T e x a s ,  I t  was a c l i m a t i c  t y p e  

d o m in a te d  by e x t r e m e ly  h ig h  t e m p e r a t u r e s  when com pared to  

t h e  r e s t  o f  t h e  U n i te d  S t a t e s ,  and  r e l a t i v e l y  low p r e c i p i t a ­

t i o n  am o un ts .  D uring  t h e  w i n t e r  m o n th s ,  c y c l o n i c  s to rm s  

g e n e r a l l y  p a s s e d  n o r th w a rd  o f  t h e s e  a r e a s ,  and  c o n v e c t i v e  

a c t i v i t y  was a t  an a n n u a l  minimum, co m b in ed , t h e s e  two f a c ­

t o r s  k e p t  w i n t e r  p r e c i p i t a t i o n  l e v e l s  lew  i n  t h e s e  s o u t h e r l y  

l o c a t i o n s .  The c h a n g e s  t h a t  o c c u r r e d  i n  t h e s e  r e g i o n s  were 

r e l a t i v e l y  m ild  com pared t o  most o f  th e  D n ited  S t a t e s ,  

T e m p e ra tu re  v a lu e s  showed a d e c r e a s e  o f  0 ,8 5  i n c h e s ,  which 

was n o t  o f  t h e  same m ag n itu d e  o f  m ost o f  t h e  e a s t e r n  D n i te d  

S t a t e s ,  P r e c i p i t a t i o n  v a lu e s  i n c r e a s e d  0 ,2 3  i n c h e s ,  which 

was a lm o s t  one  h a l f  o f  one s t a n d a r d  d e v i a t i o n ,  i n d i c a t i n g  

t h e  p a s s a g e  o f  more c y c l o n i c  s to rm s  d u r in g  t h e  m e r i d io n a l  

p e r i o d .

R egion (13) d e v e lo p e d  t h r o u g h o u t  t h e  s o u t h e r n  s e c ­

t i o n  o f  t h e  S o u th w e s t ,  y e t  some s t a t i o n s  i n  t h i s  c l u s t e r  

w ere  a l s o  foun d  i n  n o r t h e r n  F l o r i d a .  iarm  t e m p e r a t u r e s  and 

low p r e c i p i t a t i o n  am ounts  c h a r a c t e r i z e d  t h i s  r e g i o n  d u r in g  

t h e  z o n a l  p e r i o d .  With t h e  s h i f t  i n  c i r c u l a t i o n  came an 

a v e r a g e  d e c r e a s e  i n  t e m p e r a tu r e  o f  0 .7 2  d e g r e e s .  T h is  r e p ­

r e s e n t e d  a t e m p e r a tu r e  d e c r e a s e  t h a t  was l e s s  t h a n  t h e  v a l ­

u e s  found  f o r  most o f  t h e  U n i te d  S t a t e s ,  T h is  d e c r e a s e  i n
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t e m p e r a t u r e  d i d  n o t  r e f l e c t  any s u b s t a n t i a l  s h i f t  i n  a i r  

m ass d o m in a n ce ,  b u t  s im p ly  r e f l e c t e d  t h e  g e n e r a l l y  c o o l in g  

t r e n d  a c r o s s  t h e  U n i te d  s t a t e s .  The d e c r e a s e  i n  p r e c i p i t a ­

t i o n  o f  a p p ro x im a te ly  o ne  f o u r t h  o f  one  in c h  i n  t h e  S o u th ­

w e s t  was a s s o c i a t e d  w ith  a  s t r o n g e r ,  more p e r s i s t e n t  u p p e r  

l e v e l  h ig h  p r e s s u r e  r i d g e  in  t h e  m e r i d io n a l  f l o w .  The d r i e r  

r e a d i n g s  i n  n o r t h e r n  F l o r i d a  w ere , i n  a l l  p r o b a b i l i t y ,  a s s o ­

c i a t e d  w i th  d e c r e a s e d  c o n v e c t i v e  a c t i v i t y  t h a t  was c o u p le d  

w i th  t h e  d e c r e a s e  i n  t e m p e r a t u r e s .

The l a s t  c l u s t e r  (7) t o  be d i s c u s s e d  h e re  was one 

whose s t a t i o n s  were fou nd  i n  n o r t h e r n  L o u is ia n a  and A rkan­

s a s .  I t  was a  t r a n s i t i o n a l  r e g i o n  be tw een  t h e  S o u th e rn  and 

t h e  S o u th w e s te r n  r e g i o n s  <5 and 1 3 ) .  Z onal t e m p e r a t u r e  and 

p r e c i p i t a t i o n  v a lu e s  were s i m i l a r  t o  th o s e  i n  r e g i o n  5 . 

T e m p e r a tu r e s  i n  t h i s  r e g io n  g e n e r a l l y  d e c r e a s e d  one h a l f  o f  

one  in c h  on a v e r a g e ,  » h a t  d i s t i n g u i s h e d  r e g i o n  7 was t h e  

l a r g e  d e c l i n e  i n  p r e c i p i t a t i o n  o f  1 .0 4  i n c h e s  which r e p r e ­

s e n t e d  o v e r  one  and t h r e e  f o u r t h s  s t a n d a r d  d e v i a t i o n s .  The 

p r e c i p i t a t i o n  c h a n g e  t —s c o r e  v a lu e  was n e a r l y  i d e n t i c a l  t o  

t h e  one  f o r  a d j a c e n t  r e g i o n  15. C o n verg en ce  a l o f t  a s s o c i ­

a t e d  w i th  t h e  p o s i t i o n  o f  th e  s t a t i o n s  r e l a t i v e  t o  t h e  h ig h  

p r e s s u r e  w e s te r n  r i d g e  was t h e  e x p l a n a t i o n  f o r  t h e  d e c r e a s e  

i n  p r e c i p i t a t i o n  i n  b o th  r e g i o n s  (7 and 15 ) .

The f o l lo w in g  c o n c lu d in g  s t a t e m e n t s  c o u ld  be made 

from  t h e  a n a l y s e s  o f  t h i s  s e c t i o n .  The c l u s t e r i n g  o f  z o n a l  

c o m p o n e n ts  a lo n g  w ith  c l i m a t i c  c h an g e  d a ta  c o u ld  r e s u l t  i n
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t h e  d e t e r m i n a t i o n  o f  l a r g e  hom ogeneous r e g i o n s  whose 

s t a t i o n s  a p p e a re d  t o  change  c l i m a t i c a l l y  i n  u n i s o n  i n  a s s o ­

c i a t i o n  w i th  a  s h i f t  i n  t h e  c i r c u l a t i o n  o f  t h e  a tm o sp h e re .  

T w en ty -tw o  c l u s t e r s  were i d e n t i f i e d  from  t h e  one h u n d red  

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

t h e s e ,  tw e lv e  g r o u p in g s  p rodu ced  r e g i o n s  marked by a t  l e a s t  

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

were a n a ly z e d  i n  c o n j u n c t i o n  w ith  an  a p p r a i s a l  o f  t h e  l o c a ­

t i o n  o f  t h e  r e s u l t i n g  r e g i o n s  i n  t h e  U n i te d  S t a t e s .  I n  e ach  

c a s e ,  t h e  ty p e  o f  chang e  a p p e a re d  t o  be a p p r o p r i a t e ,  o r  

e x p e c t e d ,  a s  t h e  c i r c u l a t i o n  s h i f t e d  from  a z o n a l  t o  a m e r i­

d i o n a l  p a t t e r n .  S t a t i o n s  b e n e a th  t h e  r i d g e  o v e r  t h e  R o ck ie s  

t h a t  e x i s t e d  i n  t h e  m e r i d io n a l  p e r i o d  g e n e r a l l y  became r e l a ­

t i v e l y  warmer and d r i e r  com pared to  t h e  r e s t  o f  t h e  U n ited  

S t a t e s .  Those a h e a d  o f  t h e  r i d g e  w here  c o n v e rg e n c e  a l o f t  

o c c u r r e d  w i th  s u b s id e n c e  n e a r  t h e  s u r f a c e  d i s p l a y e d  ex trem e  

d e c r e a s e s  i n  p r e c i p i t a t i o n .  S t a t i o n s  b e n e a th  th e  m e r id io n a l  

u p p e r  l e v e l  t r o u g h  i n  t h e  m idw est g e n e r a l l y  became much 

c o o l e r  and w e t t e r .  S t a t i o n s  ahead  o f  t h i s  t r o u g h  where d i v ­

e r g e n c e  a l o f t  o c c u r r e d  showed s u b s t a n t i a l  i n c r e a s e s  i n  p r e ­

c i p i t a t i o n .  T hese  f i n d i n g s  s t r o n g l y  s u g g e s t e d  t h a t  f l u c t u a ­

t i o n s  i n  t h e  c i r c u l a t i o n  o f  t h e  a tm o sp h e re  p rodu ced  

r e g i o n a l l y  homogeneous c h a n g e s  i n  t h e  c o n f i g u r a t i o n  o f  s u r ­

f a c e  c l i m a t i c  e le m e n t s .
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CHAPTER VII

SOHHAHÏ, CONCLOSIONS, POTENTIAL APPLICATIONS 

AHD SOGOESTIONS POH FDTUHS EES2ARCH

Summary

The p r im a ry  fo c u s  o f  t h i s  i n v e s t i g a t i o n  was t o  a n a ­

l y z e  how c h an g e s  i n  t h e  g e n e r a l  c i r c u l a t i o n  o f  th e  a tm os­

p h e r e  were m a n i f e s te d  r e g i o n a l l y  i n  t h e  s u r f a c e  c l i m a t i c  

e l e m e n t s .  The m a jo r  q u e s t i o n s  r a i s e d  by su c h  a f o c u s  w ere  

a d d r e s s e d  i n  t h r e e  d i s t i n c t ,  s e c t i o n s .  F i r s t ,  em p h as is  was 

p l a c e d  on d i s p l a y i n g  c h a n g e s  i n  a number o f  s e l e c t e d  c l i ­

m a t i c  e le m e n ts .  S e c o n d ly ,  th e  c h a n g e s  t h a t  o c c u r r e d  i n  c l i ­

m a t ic  r e g io n s  be tw een  p e r i o d s  d o m in a ted  by d i f f e r e n t  t y p e s  

o f  c i r c u l a t i o n  were e x p lo r e d .  F i n a l l y ,  an e f f o r t  was made 

t o  p ro d u ce  r e g i o n s  b a se d  upon t h e  t y p e  o f  c l i m a t i c  a d j u s t ­

m en ts  made betw een  c i r c u l a t i o n  r e g im e s .

Work by many i n v e s t i g a t o r s  a id e d  i n  t h e  te m p o ra l  

c o n s i d e r a t i o n s  i n  t h i s  s t u d y .  The t e n - y e a r  t im e  p e r io d  from 

Decem ber, 1939 th r o u g h  F e b r u a r y ,  1949 was d e f i n e d  a s  a t im e
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when t h e  c i r c u l a t i o n  o f  t h e  a tm o sp h e re  was p r e d o m in a n t ly  

z o n a l .  Ten y e a r s  e x te n d in g  from  D ecem ber, 1955 th ro u g h  

F e b r a u r y ,  1965 r e p r e s e n t e d  a p e r i o d  do m in a ted  by a m er i­

d i o n a l  f lo w  p a t t e r n .  O nly  w in t e r  d a t a  were u se d  a s  t h e  c i r ­

c u l a t i o n  was much s t r o n g e r ,  and more w e l l  d e f i n e d  d u r in g  t h e  

lo w -s u n  m onths.

F o r  one h u n d re d  f i f t y - o n e  s t a t i o n s  a c r o s s  t h e  c o t e r ­

m inous D n i te d  S t a t e s ,  c l i m a t i c  e l e m e n t s  from  t h r e e  a tm os­

p h e r i c  c o m p o n e n ts ,  c i r c u l a t i o n ,  h e a t  e n e r g y ,  and m o is tu re  

w ere  i n c l u d e d .  T e s t s  o f  h o m o g en e ity  d e m o n s t r a te d  t h a t  d i f ­

f e r e n t i a l  t r e n d s  i n  t h e  d a t a  d id  n o t  e x i s t  i n  e i t h e r  t h e  

z o n a l  o r  t h e  m e r i d io n a l  p e r io d .

The f i r s t  o f  t h e  a c t u a l  h y p o th e s e s  were t e s t e d  i n  

C h a p te r  17 w here d i s c r i m i n a n t  a n a l y s e s  were u sed  to  t e s t  t h e  

n o t i o n  t h a t  s u r f a c e  c l i m a t e s  w ere d i s t i n c t l y  d i f f e r e n t  i n  

t h e  two t im e  p e r i o d s .  S e v e n ty - e ig h t  p e r  c e n t  o f  t h e  d i s c r i ­

m in a n t  m odels were a b l e  t o  c o r r e c t l y  r e c l a s s i f y  a l l  b u t  one 

y e a r ,  o r  b e t t e r ,  i n t o  t h e  z o n a l  o r  m e r i d io n a l  c a t e g o r i e s .  

L a rg e  d i s t i n c t i v e ,  homogeneous s p a t i a l  p a t t e r n s  i n  t h e  a c c u ­

r a c y  o f  t h e  m odels d id  n o t  a p p e a r  i n  t h e  r e s u l t s .  One o f  

t h e  many f e a t u r e s  o f  t h e  c a l c u l a t i o n s  was t h e  i d e n t i f i c a t i o n  

o f  t h e  m ost d i s c r i m i n a t i n g  v a r i a b l e .  In  m ost c a s e s  ( f i f t y -  

s i x  p e r  c e n t ) ,  m o is tu r e  com ponen ts  p ro v ed  t o  be t h e  b e s t  

d i s c r i m i n a t o r s ,  and  i n  f o r t y - t h r e e  p e r  c e n t  o f  t h e  c a s e s ,  

c i r c u l a t i o n  com p onen ts  were s e l e c t e d  f i r s t .  D ata  from th e  

e x t r e m e ly  m e r i d io n a l  w in t e r  o f 1975-1977 w ere e n t e r e d  i n t o
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s e l e c t e d  d i s c r i m i n a n t  f a u c t i o n s  and  i n  n i n e t y - f i v e  p e r  c e n t  

o f  t h e  t r i a l s r  t h e  w i n t e r s  were c l a s s i f i e d  a s  m e r i d i o n a l .

F o r  e a c h  s t a t i o n  an d  f o r  e a c h  c l i m a t i c  e le m e n t ,  a 

s t a n d a r d i z e d  t - s c o r e  was c a l c u l a t e d  i n d i c a t i n g  t h e  am ount o f  

c h an g e  t h a t  o c c u r r e d  i n  e a c h  e le m e n t  be tw een  t h e  tw o t im e  

p e r i o d s .  The c l i m a t i c  c h an g e  m a t r ix  t h a t  r e s u l t e d  was f a c ­

t o r  a n a ly z e d  t o  c o n d e n se  t h e  m a t r i x .  T h is  p r o c é d u r e  a v o id e d  

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

m a t i c  f l u c t u a t i o n .

The f i r s t  f a c t o r  t h a t  em erged  was a wind p e r s i s t e n c e  

c h an g e  com ponent i n  t h e  d a t a  s t r u c t u r e .  A p p ro x im a te ly  s i x t y  

p e r  c e n t  o f  t h e  s t a t i o n s  a c r o s s  t h e  U n ited  s t a t e s  d i s p l a y e d  

t h e  e x p e c te d  d e c r e a s e  i n  wind p e r s i s t e n c e  b e tw ee n  t h e  c i r c u ­

l a t i o n  t y p e s .  The s p a t i a l  p a t t e r n s  f o r  th e  f a c t o r  s c o r e s  o f  

t h i s  com ponent a p p e a re d  t o  show a d e c r e a s e  i n  wind p e r s i s t ­

e n c e  i n  a w e s t  t o  e a s t  d i r e c t i o n .  The S o u th w e s t  d i s p l a y e d  

i n c r e a s e s  i n  wind p e r s i s t e n c e  i n  a s s o c i a t i o n  w i th  t h e  r i d g e  

t h a t  d e v e lo p e d  o v e r  t h e  E o c k ie s .  G e n e r a l l y ,  t h e  r e s t  o f t h e  

U n i te d  S t a t e s  d i s p l a y e d  a d e c r e a s e  i n  t h e  wind p e r s i s t e n c e  

v a l u e s .

A se c o n d  f a c t o r  was i n t e r p r e t a t e d  a s  a p r e c i p i t a t i o n  

ch an g e  com ponen t. About one h a l f  o f  t h e  s t a t i o n s  ( f i f t y - t w o  

p e r  c e n t )  d i s p l a y e d  an i n c r e a s e  i n  p r e c i p i t a t i o n ,  w h i le  t h e  

o t h e r  s t a t i o n s  showed a  p r e c i p i t a t i o n  d e c r e a s e .  However, 

d i s t i n c t i v e  s p a t i a l  p a t t e r n s  d e v e lo p e d  in  t h e s e  d a t a .  A 

p r e c i p i t a t i o n  i n c r e a s e  was o b s e rv e d  i n  much o f  t h e  West and
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a l o a g  t h e  e a s t e r n  c o a s t#  and t h e  P l a i n s  and a id  w e s te rn  

s t a t e s  were d o m in a te d  by s u b s t a n t i a l  d e c r e a s e s .

F a c t o r  t h r e e  was c h a r a c t e r i z e d  a s  a t e m p e r a tu r e  

c h a n g e  com ponen t i n  t h e  c l i m a t i c  ch ange  d a t a ,  w i th  h ig h  p o s ­

i t i v e  l o a d i n g s  on t e m p e r a tu re  and  n e g a t iv e  l o a d i n g s  w ith  

wind s p e e d .  A t o n ly  e le v e n  p e r  c e n t  o f  t h e  s t a t i o n s  d id  

t e m p e r a t u r e s  i n c r e a s e ,  i n  t h e  r e m a in in g  c a s e s ,  t e m p e r a t u r e s  

d e c r e a s e d  a s  t h e  c i r c u l a t i o n  s h i f t e d  from  a z o n a l  t o  a m e r i ­

d i o n a l  p a t t e r n .  Wind s p e e d s  i n c r e a s e d  i n  s i x t y - s i x  p e r  c e n t  

o f  t h e  s t a t i o n s .  A h ig h  p r e s s u r e  r i d g e ,  w ith  h i g h e r  te m p e r ­

a t u r e s  and lo w e r  wind s p e e d s ,  d e v e lo p e d  i n  th e  Rocky Moun­

t a i n  s t a t e s  and  i n  n o r t h e r n  New E n g la n d .  Host o f  t h e  e a s t ­

e r n  two t h i r d s  o f  t h e  U n ited  S t a t e s  became d o m in a ted  by an 

u p p e r  l e v e l  t r o u g h ,  w i th  low er t e m p e r a t u r e s  an d  h i g h e r  wind 

s p e e d s  a s  t h e  c i r c u l a t i o n  s h i f t e d  from a z o n a l  t o  a m e r i­

d i o n a l  p a t t e r n .

The r e l a t i v e  h u m id i ty  ch an g e  f a c t o r  (U) showed t h a t  

t h e  a tm o s p h e re  o f  t h e  m id w es te rn  s t a t e s  became s i g n i f i c a n t l y  

d r i e r  i n  t h e  m e r i d io n a l  p e r i o d ,  and f o r  t h e  w e s te rn  and 

e a s t e r n  c o a s t a l  s t a t e s ,  t h e  m o is tu r e  c o n t e n t  o f  t h e  a tm o s­

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

h u m id i ty  d e c r e a s e d  be tw een  wthe t im e  p e r io d s . .

The l a s t  s i g n i f i c a n t  f a c t o r  (5) was a n o r t h w e s t e r l y  

wind c h an g e  com ponent i n  t h e  d a t a .  S t a t i o n s  l o c a t e d  i n  

r e g i o n s  d o m in a te d  fay n o r t h w e s t e r l y  f lo w  a l o f t  i n  t h e  m e r i ­

d i o n a l  p e r i o d  t e n d e d  t o  show an  i n c r e a s e  in  t h e  n o r th w e s ­
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t e r l y  wind com ponen t. C o n v e r s e ly ,  t h e  s t a t i o n s  l o c a t e d  i n  

r e g i o n s  where up per  l e v e l  f lo w  was from  th e  s o u t h w e s t  i n  t h e  

m e r i d i o n a l  p a t t e r n  d i s p l a y e d  d e c r e a s e s  i n  t h i s  m e a su re .

I n  a second  s e c t i o n  ( p r e s e n te d  i n  C h a p te r  7 ) ,  w in t e r  

c l i m a t i c  r e g i o n s  were d e v e lo p e d  f o r  t h e  z o n a l  and m er i­

d i o n a l  p e r i o d s ,  a lo n g  w i th  an  a v e r a g e ,  com bined tw e n ty  y e a r  

s e t  o f  r e g i o n s .  To keep t h e  p a t t e r n s  r e l a t i v e l y  s im p le ,  

o n ly  t h e  commonly u se d  e l e m e n t s ,  t e m p e r a tu r e  and p r e c i p i t a ­

t i o n  were em ployed . A l l  d a t a  were f a c t o r  a n a l y z e d  t o  t r a n s ­

form  t h e s e  d a t a  o n to  o r th o g o n a l  a x e s .  The t r a n s f o r m e d  d a t a  

w ere th e n  c l u s t e r e d  b a sed  on a E u c l id e a n  d i s t a n c e  m odel. 

Phenon l i n e s  which d i v i d e d  t h e  c l u s t e r s  were s e l e c t e d ,  and 

r e s u l t i n g  r e g i o n s  were mapped.

W ith in  t h e  z o n a l  p e r i o d ,  t e n  r e g i o n s  w ere  i d e n t i ­

f i e d ,  w i th  one  v e ry  l a r g e  r e g i o n  e x te n d in g  from  th e  E o c k ie s  

e a s tw a r d  th ro u g h  P e n n s y lv a n ia ,  E x c e p t  a lo n g  t h e  s o u th e r n  

P a c i f i c  c o a s t ,  l a r g e  s p a t i a l l y  homogeneous w i n t e r  c l i m a t i c  

r e g i o n s  d e v e lo p e d .  S h i f t i n g  t h e  phencn l i n e  t o  a p o i n t  

w here  a b re a k  o c c u r r e d  i n  t h e  d i s t a n c e  l e v e l  p ro d u ce d  f o u r ­

t e e n  r e g i o n s ,  f o r c i n g  some o f  t h e  o r i g i n a l  t e n  r e g i o n s  t o  be  

s u b d i v i d e d .  A s c a t t e r  d iag ram  o f  t h e  d a ta  a l lo w e d  f o r  t h e  

c h a r a c t e r i z a t i o n  o f  e a c h  r e g i o n .

The same p ro c e d u r e  was a p p l i e d  t o  t h e  m e r id io n a l  

d a t a  and  t e n  and f o u r t e e n  r e g i o n  schem es were p r e s e n t e d .  A 

much h i g h e r  d i s t a n c e  l e v e l  was need ed  to  s e p a r a t e  t h e  c l u s ­

t e r s  i n t o  t e n  r e g i o n s ,  i n d i c a t i n g  a g r e a t e r  d i s t a n c e ,  i n

- 178 -



c l i m a t i c  s p a c e ,  e x i s t e d  be tw een  t h e  s t a t i o n s  i n  t h e  

m e r i d io n a l  p e r i o d .  The c l u s t e r s  were mapped, and  a s  in  t h e  

z o n a l  c a s e ,  l a r g e  r e g i o n s  d e v e lo p e d  f o r  m ost o f  th e  D n ited  

S t a t e s .

When t h e  z o n a l  and m e r id io n a l  maps were com pared , 

a lo n g  w i th  t h e  com bined r e s u l t s ,  a number o f  d i f f e r e n c e s  

were a p p a r e n t .  The l a r g e  i n t e r i o r  z o n a l  r e g i o n  (h) d id  n o t  

e x te n d  a s  f a r  e a s tw a rd  i n  t h e  m e r id io n a l  p e r i o d .  à c o ld  

c o n t i n e n t a l  i n t e r i o r  r e g i o n  i n  t h e  n o r t h e r n  P l a i n s  was more 

e x t e n s i v e l y  d e v e lo p e d  i n  t h e  m e r id io n a l  y e a r s .  The c o o l  and 

m o is t  New E ng land  ty p e  was a l s o  g r e a t l y  expanded in  t h e  m er­

i d i o n a l  p e r i o d .  The l a r g e  s o u th e r n  r e g i o n  s h r a n k  c o n s i d e r a ­

b l y  a s  t h e  c i r c u l a t i o n  s h i f t e d  i t s  b a s i c  f lo w  p a t t e r n .  

T h ro u g h o u t  some s e c t i o n s  o f  t h e  c o u n t r y ,  t h e  c l i m a t i c  

r e g i o n s  rem ained  r e l a t i v e l y  c o n s t a n t  betw een t h e  two t im e  

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

c l i m a t i c  r e g i o n a l i z a t i o n  i n  a l l  p a r t s  o f  th e  c o u n t r y .

C om parisons  o f  t h e  z o n a l ,  m e r id io n a l ,  and a v e ra g e  

c l i m a t i c  r e g i o n s  showed t h a t  t h e  " p r a i r i e  wedge" e x te n d e d  

i n t o  P e n n s y lv a n ia  i n  t h e  z o n a l  p e r io d .  a v e ry  c o ld  w in t e r  

c l i m a t i c  r e g i o n s  i n  t h e  n o r t h e r n  P l a i n s  s h i f t e d  n o r th w a rd  i n  

t h e  z o n a l  y e a r s .  C l im a t i c  r e g i o n s  i n  T ex a s ,  Oklahoma, 

A rk a n s a s ,  and  L o u i s i a n a  d i s p l a y e d  d i f f e r i n g  a l ig n m e n ts  

be tw een  t h e  p e r i o d s  o f  d i f f e r e n t  f lo w , à l a r g e  m id - A t l a n t i c  

r e g i o n  e x te n d in g  from  t h e  c o a s t  th ro u g h  K entucky was p a r t  o f  

a l a r g e r  N o r t h e a s t e r n  r e g i o n  i n  t h e  m e r id io n a l  f lo w ,  b u t  was
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a s e p a r a t e  c l i m a t i c  c l u s t e r  i n  t h e  z o n a l  y e a r s .  T h is  

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

p a r a m e t e r s  was p r e s e n t  when th e  w e s t  t o  e a s t  z o n a l  f lo w  was 

d o m in a n t .

Shape m easu rem en ts  were used  on th e  r e g i o n s  t o  t e s t  

f o r  s i g n i f i c a n t  c h a n g e s  i n  t h e  e l o n g a t i o n  o f  t h e  r e g i o n s  

a lo n g  a w e s t - e a s t  a x i s .  Some f i n d i n g s  s u g g e s te d  t h a t  t h e  

r e g i o n s  became l e s s  e l o n g a t e d ,  a s  e x p e c te d ,  b u t  t h e  r e s u l t s  

were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .

I n  t h e  f i n a l  s e c t i o n  o f  t h i s  i n v e s t i g a t i o n  (C h ap te r

V I ) ,  a t t e m p t s  were made t o  g e n e r a t e  r e g i o n s  b a se d  on t h e

ty p e  o f  ch ange  t h a t  o c c u r r e d  i n  t h e  s u r f a c e  c l i m a t i c  e l e ­

m e n ts .  P r e l im i n a r y  a t t e m p t s  w here  t h e  e n t i r e  ch an g e  m a t r ix

was u s e d ,  o r  where o n ly  t e m p e r a tu r e  and  p r e c i p i t a t i o n  chang e  

d a ta  were u s e d ,  p ro v ed  u n s u c c e s s f u l .  However, i f  two z o n a l  

com ponen ts  were added  to  t e m p e r a t u r e  and p r e c i p i t a t i o n  

c h an g e  d a t a ,  g iv in g  some w e ig h t  t o  c l i m a t i c  s i m i l a r i t y ,  

r e s u l t s  were more p ro m is in g .  T h is  l e d  t o  t h e  c o n c lu s io n  

t h a t  s t a t i o n s  i n  d i f f e r e n t  r e g i o n s  i n  t h e  U n ited  S t a t e s  d i s ­

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

t e m p e r a t u r e s  and d e c r e a s e d  p r e c i p i t a t i o n  l e v e l s ,  b u t  t o  show 

s p a t i a l  hom ogene ity  i n  t h e  p a t t e r n ,  some b a s e  o f  c l i m a t i c  

s i m i l a r i t y  m ust be i n c l u d e d .

B e fo re  c l u s t e r i n g  on th e  com bined  z o n a l  'and change  

v a r i a b l e s  c o u ld  be  p e r fo rm e d ,  t h e  d a t a  w ere shown t o  be 

o r t h o g o n a l .  The c l u s t e r i n g  a lg o r i t h m  p rodu ced  tw e lv e  s p a ­
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t i a l l y  homogeneous c l i m a t i c  c h an g e  r e g i o n s .  The c e n t r o i d s  

f o r  each  c l u s t e r  were com puted  and  a n a ly z e d  i n  c o n ju n c t i o n  

w i th  t h e  d i s c u s s i o n  o f  t h e  l o c a t i o n  o f  t h e  r e s u l t i n g  

r e g i o n s .  The c h a r a c t e r i s t i c s  o f  e a c h  o f  t h e  tw e lv e  r e g i o n s  

a p p e a re d  t o  s u p p o r t  t h e  n o t i o n  t h a t  homogeneous c h an g e s  

o c c u r r e d  i n  a s s o c i a t i o n  w ith  a change  in  t h e  u p p e r  l e v e l  

c i r c u l a t i o n .  The c h a r a c t e r i s t i c s  o f  each  r e g i o n  c o u ld  be 

e x p l a i n e d  th ro u g h  t h e  d e v e lo p m e n t o f  a s t r o n g  r i d g e  in  t h e  

w e s t ,  and  an u p p e r  l e v e l  t r o u g h  th ro u g h  t h e  m idw est d u r in g  

t h e  m e r id io n a l  p e r i o d .

C o n c lu s io n s

I n e v i t a b l y  i n  a n  i n v e s t i g a t i o n  o f  t h i s  t y p e ,  t h e  

mass o f  d a t a  and a l l  t h e  a n a l y s e s  l e d  t o  some s e t  o f  c o n c lu ­

s i o n s  t h a t  went beyond su m m ariz in g  a l l  th e  r e s u l t s .  These  

c o n c l u s i o n s  r e p r e s e n t e d  th e  m ost c o n c i s e  a n sw e rs  to  t h e  

m a jo r  q u e s t i o n s  exam ined i n  t h i s  s t u d y .  The f o l lo w in g  e i g h t  

s t a t e m e n t s  were t h e  key  p o i n t s  f o r  t h i s  r e s e a r c h  e f f o r t .

1. C hanges i n  t h e  p re d o m in a n t  c i r c u l a t i o n  p a t t e r n  

o f  t h e  a tm o sp h e re  a p p e a re d  t o  s i g n i f i c a n t l y  and p e r ­

s i s t e n t l y  be a s s o c i a t e d  w i th  c h a n g e s  i n  t h e  s u r f a c e  

c l i m a t i c  e le m e n t s .  D i s c r im in a n t  m odels showed t h a t  f o r  

m ost s t a t i o n s  i n  t h e  D n i te d  S t a t e s ,  c a r e f u l l y  s e l e c t e d  

z o n a l  and m e r i d io n a l  t im e  p e r i o d s  c o u ld  be a c c u r a t e l y  

d i s c r i m i n a t e d  b a se d  upon s u r f a c e  c l i m a t i c  d a t a .

2 . I n  n e a r l y  a l l  c a s e s ,  c i r c u l a t i o n  and m o is tu r e
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com p o n en ts  o f  t h e  a tm o sp h e re  w ere most s i g n i f i c a n t l y  

a f f e c t e d  by c i r c u l a t i o n  c h a n g e .  B a re ly  d id  te m p e ra ­

t u r e ,  a h e a t  e n e rg y  co m p o n e n t,  p ro v e  t o  be t h e  v a r i a b l e  

m ost a f f e c t e d .

3 .  I n  in d e x  on z o n a l i t y  and  m e r i d i o n a l i t y  c o u ld  

be c r e a t e d  b a s e d  upon s u r f a c e  c l i m a t i c  c o n d i t i o n s .  

D a ta  from t h e  e x t r e m e ly  m e r i d i o n a l  w in t e r  o f  1975-1977 

were e n t e r e d  i n t o  d i s c r i m i n a n t  m o d e ls ,  an d  a z o n a l -m e r ­

i d i o n a l  c o n tin u u m  was fo rm ed . The w i n t e r  was c l a s s i ­

f i e d  a s  m e r i d i o n a l  i n  n i n e t y - f i v e  p e r  c e n t  o f  t h e  

c a s e s .

4 .  G e n e r a l l y  f o r  t h e  U n i te d  s t a t e s ,  a s  t h e  c i r c u ­

l a t i o n  s h i f t e d  i n t o  t h e  m e r i d io n a l  p a t t e r n ,  t h e  a tm os­

p h e re  c o o l e d ,  h e l d  l e s s  m o i s t u r e ,  an d  wind sp e e d s  

i n c r e a s e d .

5 .  D i s t i n c t i v e  s p a t i a l  p a t t e r n s  e x i s t e d  in  t h e  

c h a n g e s  o b s e rv e d  i n  many o f  t h e  c l i m a t i c  e le m e n t s .  

T h ese  c h an g e s  a p p e a re d  t o  be a s s o c i a t e d  w i th  t h e  d e v e l ­

opm ent o f  an u p p e r  l e v e l  r i d g e  o v e r  t h e  S o c k ie s  and a 

t r o u g h  i n  t h e  m idw est d u r in g  t h e  m e r i d io n a l  p e r io d .

6 .  L a rg e  s p a t i a l l y  homogeneous w in te r  c l i m a t i c  

r e g i o n s  c o u ld  be  d e v e lo p e d  f o r  e a c h  t im e  p e r io d  b a sed  

on f a c t o r  and c l u s t e r  a n a l y s e s ,

7 .  The c o n f i g u r a t i o n  o f  c l i m a t i c  r e g i o n s  a p p ea re d  

t o  c h a n g e  s u b s t a n t i a l l y  be tw een  th e  z o n a l  and m er i­

d i o n a l  t i m e  p e r i o d s .  S t a t i s t i c a l l y  s i g n i f i c a n t  c h an g e s
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i n  th e  v e s t - e a s t  e l o n g a t i o n  o f  t h e  r e s u l t i n g  c l i m a t i c  

r e g i o n s  c o u ld  n o t  b e  v e r i f i e d .

8 .  l a r g e  s p a t i a l l y  h o so g e n e o u s  r e g i o n s  c o u ld  be 

d e v e lo p e d  a c r o s s  t h e  U n i te d  S t a t e s  b a sed  upon t h e  ty p e  

o f  chang e  t h a t  o c c u r r e d  i n  th e  s u r f a c e  c l i m a t i c  e l e ­

m ents betw een  t h e  two t im e  p e r i o d s  d o m in a te d  by d i s ­

t i n c t i v e l y  d i f f e r e n t  c i r c u l a t i o n  r e g im e s .  Each r e g io n  

c o u ld  be e x p la in e d  b a sed  on known ch an g e s  i n  t h e  a tm os­

p h e r i c  c i r c u l a t i o n  sy s te m .

P o t e n t i a l  A p p l i c a t i o n s  and Su g g e s t i o n s  f o r  Fu t u r e  R e se a rc h  

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

t h i s  i n v e s t i g a t i o n  a r e  u s e f u l  i n  a v a r i e t y  o f  ways. T h is  

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

i n  c l i m a t e  i n  a s s o c i a t i o n  w ith  a c i r c u l a t i o n  c h a n g e .  These 

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

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

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

c l i m a t i c  e le m e n ts  m ust i n c l u d e  t h e  t im e  p e r io d  f o r  which t h e  

d a t a  a r e  r e p r e s e n t a t i v e ,  f o r  th ro u g h  t i m e ,  c l i m a t e  c e r t a i n l y  

d o e s  n o t  re m a in  c o n s t a n t .  The f i n d i n g s  p r e s e n t e d  h e re  

p o i n t e d  t o  t h e  need  t o  e x te n d  t h e  so  c a l l e d  " n o r m a l” p e r i o d s  

t o  i n c l u d e  a l l  t y p e s  o f  a tm s o p h e r ic  c i r c u l a t i o n .  T hese  

" n o rm a l"  p e r i o d s  c o u ld  b e  d o m in a ted  by one t y p e  o f  c i r c u l a ­

t i o n  and c o u ld  be e x t r e m e ly  a b n o rm a l u n d e r  a n o t h e r  c i r c u l a ­

t i o n  re g im e ,
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The d ev e lo p m en t o f  s e a s o n a l  c l i m a t i c  r e g i o n s  f o r  t h e  

U n i t e d  s t a t e s  o r  f o r  t h e  g lo b e  i s  a r e l a t i v e l y  u n e x p lo re d  

f i e l d  i n  c l i m a t o l o g y .  P r o d u c t io n  o f  such maps may have  

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

econom ic  s y s te m s ,  o r  t o  s t u d e n t s  i n  c l im a to lo g y  i n t e r e s t e d  

i n  c h a n g e s  i n  s e a s o n a l  c l i m a t i c  r e g i o n s .

The f i n d i n g s  o f  t h i s  s tu d y  may prove  u s e f u l  i n  f o r e ­

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

t h e  i n t e r p r e t a t i o n  o f  p a s t  c l i m a t i c  h i s t o r i e s .  I n  a r e c e n t  

a r t i c l e ,  Harman and  H a r r in g to n  (1978) examined s u r f a c e  and 

u p p e r  l e v e l  p a t t e r n s  f o r  two d i f f e r e n t  A u g u s ts ,  1975 and 

1976 . T hese  two months were w e l l  o u t s i d e  t h e  t im e  ran g e  o f  

t h i s  i n v e s t i g a t i o n  b o th  i n  t h e  y e a r s  in c lu d e d  and in  t h e  

s e a s o n  exam ined . Y e t ,  t h e  f i n d i n g s  of t h e i r  s tu d y  w ere 

c l o s e  t o  w hat would have been p r e d i c t e d  cased  upon t h e  f i n d ­

i n g s  p r e s e n t e d  h e r e .  A u g u s t ,  1975 was dom inated  by a z o n a l  

f lo w  p a t t e r n ,  A u g u s t,  1976 was a m e r id io n a l  month w ith  c o n ­

s i d e r a b l y  lo w e r  p r e c i p i t a t i o n  t o t a l s  f o r  t h e  e a s t e r n  two 

t h i r d s  o f  t h e  U n i te d  S t a t e s .  Ahead o f  th e  up per  l e v e l  r i d g e  

i n  t h e  m e r i d io n a l  m onth, c o n d i t i o n s  were e x t r e m e ly  d r y ,  

l e a v i n g  t h e  p l a i n s  i n  d ro u g h t  c o n d i t i o n s .  Ahead o f  t h e  

u p p e r  l e v e l  lo w , p r e c i p i t a t i o n  am ounts  i n  New E ngland  w ere 

s u b s t a n t i a l l y  i n c r e a s e d .  M o is tu re  c o n t e n t  i n  t h e  a tm o sp h e re  

was g e n e r a l l y  much lo w e r  i n  t h e  m e r id io n a l  m onth . A ll o f  

t h e s e  f i n d i n g s  were s i m i l a r  t o  t h o s e  d e v e lo p e d  h e re  f o r  w in­

t e r  a v e r a g e s  i n  t h e  1939 th ro u g h  1965 t im e  p e r i o d .  O n fo r tu -
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n a t e l y ,  Earmaa and H a r r in g to n  o n ly  a n a ly z e d  m o is tu re  

c o m p o n e n ts ,  n o t  a l l o w i n g  f o r  c o m p a r is o n s  i n  o t h e r  c l i m a t i c  

e l e m e n t s .

A no th e r  f i n d i n g  t h a t  may be u s e f u l  t o  lo n g  r a n g e  

f o r e c a s t e r s  was t h e  i d e n t i f i c a t i o n  o f  t h e  r e l a t i v e  p e r s i s t ­

e n c e  in  t h e  s u r f a c e  c l i m a t i c  c o n d i t i o n s  t h a t  a p p e a re d  t o  

e x i s t  d u r in g  a p e r io d  o f  a p a r t i c u l a r  flow t y p e .  R e s u l t s  

from t h e  d i s c r i m i n a n t  t e s t s  showed t h a t  more v a r i a t i o n  i n  

c l i m a t e  e x i s t e d  be tw een  p e r i o d s  of d i f f e r i n g  c i r c u l a t i o n  

r a t h e r  t h a n  w i th in  a p e r io d  w i th  one do m in an t c i r c u l a t i o n  

p a t t e r n .  D e te rm in in g  t h e  n a t u r e  o f  t h i s  p e r s i s t e n c e  o f  c l i ­

m a t ic  c o n d i t i o n s  from  one y e a r  t o  t h e  n e x t  a p p e a r s  t o  be an 

a r e a  o f  p ro m is in g  r e s e a r c h .

The f i n d i n g s  o f  t h i s  s tu d y  may be e x te n d e d  t o  a 

v a r i e t y  o f  a r e a s  o u t s i d e  o f  c l i m a t o l o g y .  The r e c e n t  U n i te d  

S t a t e s  C l im a te  Program  P la n  ( I n t e r d e p a r t m e n t a l  c o m m ittee  f o r  

A tm o sp h e r ic  S c i e n c e s ,  1977) had a s  a c e n t r a l  f o c u s  t h e  e v a l ­

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

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

l a n d  and w a te r  r e s o u r c e s ,  e n e r g y  c o n su m p tio n  and d i s t r i b ­

u t i o n ,  t r a n s p o r t a t i o n ,  and  c o m m u n ic a t io n s .  The f i r s t  " e l e ­

m ent" o f  t h e  U n ited  S t a t e s  C l im a te  Program  P la n  was t h e :

E v a lu a t io n  o f  r e l a t i o n s h i p s  be tw een  c l i m a t e  v a r i a ­
b i l i t y  and n a t i o n a l  a c t i v i t i e s ,  p a r t i c u l a r l y  c l i ­
m a t ic  im p a c ts  on f o o d ,  f i b e r ,  and w a t e r ,  a s  w e l l  a s  
c l i m a t e  im p a c t s  on and from en e rg y  and t r a n s p o r t a ­
t i o n .

The f i n d i n g s  o f  t h i s  s tu d y  may p ro ve  u s e f u l  i n  e a c h  o f  t h e s e
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a r e a s .

F o r  e x a n p l a ,  s t a t i s t i c a l  m o dels  re v ie w e d  by HcQuigg 

(1975) d e a l i n g  w i th  a g r i c u l t u r e ,  f o r e s t r y ,  e n e r g y ,  and com­

m erce  u se  a v a r i e t y  o f  c l i m a t i c  i n p u t s  t o  c a l c u l a t e  e x p e c te d  

c r o p  y i e l d s .  The d a t a  from  t h i s  s tu d y  may be d i r e c t l y  

a p p l i e d  t o  t h e s e  m odels to  d e te rm in e  t h e  e f f e c t  on y i e l d s  o f  

c h a n g e s  i n  c l i m a t i c  e l e m e n t s .  By d e f i n i n g  r e g i o n s  where 

c l i m a t i c  f l u c t u a t i o n s  were m ost s e v e r e ,  i n d i c e s  o f  r i s k  t o  

c r o p  y i e l d s  c o u ld  be  f o rm u la te d  i n  v a r i o u s  a r e a s  a c r o s s  t h e  

U n i te d  S t a t e s .  S i m i l a r  m odels have b een  d e v e lo p e d  f o r  f o r ­

e s t  p r o d u c t i v i t y ,  i n c l u d i n g  g row th  r a t e  v a r i a b l e s  and f i r e  

r i s k ,  and r e s u l t s  from  t h i s  s tu d y  may prove h e l p f u l  i n  t h i s  

a r e a .  A lthough  o c e a n ic  r e g i o n s  were n o t  i n c l u d e d  h e r e ,  

f u t u r e  s i m i l a r  r e s e a r c h  e f f o r t s  u s in g  d a t a  from t h e  s e a s  may 

be  u s e f u l  t o  t h e  f i s h i n g  i n d u s t r y .  Host o f  t h e  r e s e a r c h  

n eeded  i n  t h e s e  a r e a s  i s  i n  t h e  deve lop m en t o f  b e t t e r  s t a ­

t i s t i c a l  and p h y s i c a l  m odels t o  im prove  c u r r e n t  p r e d i c t i o n s  

i n  y i e l d s ,  f o r  o n ly  t h e n  w i l l  c l i m a t i c  v a r i a b i l i t y  and c l i ­

m a t i c  ch an g e  d a ta  p ro d u ce  a c c u r a t e  e s t i m a t e s  o f  i m p a c t s .  

F o r  now, t h i s  s t u d y ' s  main c o n t r i b u t i o n  i n  t h i s  ty p e  o f  

a p p l i e d  c l i m a t o lo g y  i s  i n  d e f i n i n g  r e g i o n s  i n  t h e  U n ited  

S t a t e s  where c l i m a t i c  f l u c t u a t i o n s ,  and r e s u l t a n t  ch an g es  i n  

c r o p  and f o r e s t  p r o d u c t i v i t y ,  a r e  l i k e l y  t o  be most p r o ­

n o u n c ed .

Changes i n  c l i m a t i c  e le m e n ts  c l e a r l y  a f f e c t  t h e  l a n d  

and  w a te r  r e s o u r c e s  o f  t h e  U n i te d  s t a t e s .  R is k s  from f l o o d s
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a r e  o b v io u s ly  c l i m a t e  r e l a t e d ,  and  a s  t h i s  s tu d y  h a s  shown, 

t h e  c h a n g e s  i n  t h e  c i r c u l a t i o n  p ro d u c e d  s u b s t a n t i a l  c h a n g e s  

i n  t h e  p r e c i p i t a t i o n  am oun ts  t h r o u g h o u t  t h e  U n i te d  S t a t e s .  

P r e c i p i t a t i o n  c h a n g e  i n f o r m a t i o n  may b e  u s e f u l  t o  h y d r o l o -  

g i s t s  w ork ing  on g ro u n d  w a te r  s u p p l i e s ,  s o i l  m o i s t u r e ,  o r  

f l o o d  h a z a r d s .  O th e r  n a t u r a l  h a z a r d s  i n c l u d i n g  m udflow s, 

e r o s i o n  by w ind, w a t e r ,  o r  ev en  i c e  a r e  a l l  c l o s e l y  l i n k e d  

t o  t h e  c l i m a t i c  c o n d i t i o n s .  D e te rm in in g  t h e  e x a c t  c h a n g e s  

i n  c l i m a t e  f o r  v a r i o u s  r e g i o n s ,  and t h e  p r e c i s e  n a tu r e  o f  

t h e  r e l a t i o n s h i p  o f  c l i m a t e  t o  t h e  p ro b le m s  o f  l a n d  and 

w a t e r  management w i l l  p ro v e  i n v a l u a b l e  i n  t h e  f u t u r e .

P e r h a p s  t h e  m ost p r e s s i n g  p rob lem  i n  th e  U n ite d  

S t a t e s  t o d a y  i s  i n  t h e  a r e a  o f  e n e rg y  demand. S t a t i s t i c a l  

m od els  can  be p ro d u ce d  a t  v a r i o u s  s p a t i a l  s c a l e s ,  r a n g in g  

from  i n d i v i d u a l  room s t o  t h e  e n t i r e  U n i te d  S t a t e s ,  where 

e n e r g y  u se  i s  v iew ed  a s  a f u n c t i o n  o f  c l i m a t i c  v a r i a b l e s .  

D e te rm in in g  t h e  p r e c i s e  t y p e s  o f  c l i m a t i c  c h a n g e s  and t h e  

l o c a t i o n  o f  t h e s e  c h a n g e s  c o u ld  be  u se d  t o  c a l c u l a t e  a new 

s e t  o f  demands on t h e  e n e r g y  s u p p ly .  Demand r e g i o n s  f o r  

e n e r g y ,  su ch  a s  t h o s e  d e v e lo p e d  by S p u r lo c k  (1972) may 

c h a n g e  a lo n g  w ith  t h e  c h a n g e s  i n  c l i m a t i c  r e g i o n s  demon­

s t r a t e d  i n  t h i s  s t u d y .  I n f o r m a t io n  on c h a n g e s  i n  some v a r i ­

a b l e s  su c h  a s  c l o u d i n e s s  o r  t o t a l  in co m in g  r a d i a t i o n  w i l l  be 

u s e f u l  i n  c a l c u l a t i n g  p o t e n t i a l  e n e rg y  s u p p l i e s  from a l t e r ­

n a t i v e  s o u r c e s .

I n c r e a s e d  p r e c i p i t a t i o n  i n  w i n t e r  m onths p r e s e n t s
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o b v io u s  p ro b lem s t o  t h e  n a t i o n ’ s  t r a n s p o r t a t i o n  s y s te m s .  

A v ia t i o n  r o u t e s  a r e  c l e a r l y  a f f e c t e d  by s i g n i f i c a n t  c h an g e s  

i n  c l i m a t e ,  and t o  a l e s s e r  e x t e n t ,  g round t r a n s p o r t a t i o n  

r o u t e s  a r e  s u b s t a n t i a l l y  a f f e c t e d  by i n c r e a s e d  s n o w f a l l ,  o r  

by heavy r a i n s  w i th  r e l a t e d  f l o o d i n g  c r  m ass w a s t in g  o f  

s l o p e s .  I c e  p a ck s  on t h e  G re a t  L akes  o r  i n  i n t e r i o r  w a te r ­

ways have  s e v e r e  econom ic  c o n s e q u e n c e s  and  a r e  c e r t a i n l y  

c l i m a t e  r e l a t e d .  O ver b o th  t h e  s h o r t  and  lo n g  t e r m s ,  commu­

n i c a t i o n  s y s te m s  i n c l u d i n g  l a n d l i n e  and  r a d i o  a r e  a f f e c t e d  

by t h e  s t a t e  o f  t h e  c l i m a t e .  I c e  s to r m s  and  h ig h  w inds can  

s e v e r e l y  damage com m unica tion  l i n e s ,  i n c r e a s e s  i n  l i g h t n i n g  

a f f e c t  a l l  t y p e s  o f  r a d i o  c o m m u n ic a t io n s .

The l i s t  o f  a c t i v i t i e s  t h a t  a r e  l i n k e d  t o  c l i m a t e  

c o u ld  be e x te n d e d  on and o n .  Many i n v e s t i g a t o r s  a r e  w ork ing  

t o  d i s c o v e r  t h e  s t a t i s t i c a l  and  p h y s i c a l  r e l a t i o n s h i p s  

b e tw een  c l i m a t e  and a wide r a n g e  o f  n a t u r a l  phenomena and  

human a c t i v i t i e s .  Few would a rg u e  t h a t  c l i m a t e  d e te r m in e s  

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

q u i t e  s u b s t a n t i a l .  Once t h e s e  r e l a t i o n s h i p s  a r e  p r e c i s e l y  

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

o f  t h i s  s t u d y ,  w i l l  p ro v e  i n v a l u a b l e  i n  f o r e c a s t i n g  f u t u r e  

s u p p l i e s ,  dem ands, and  n e e d s  o f  t h e  p o p u l a t i o n .  F u tu r e  

s t u d i e s  s h o u ld  be e x te n d e d  t o  i n c l u d e  t h e  e n t i r e  g lo b e ,  b o th  

f o r  t h e  l a n d  and s e a  s u r f a c e s ,  to  d e te rm in e  t h e  m agnitude  o f  

c l i m a t i c  c h a n g e s  f o r  t h e  w orld , f o r  p ro b lem s  t h a t  a r i s e  from  

c l i m a t i c  c h a n g e s  a r e  c e r t a i n  to  be  g l o b a l  i n  s c o p e ,  and n o t
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APPENDIX I
LISTING OP PIESI-0EDE2 CLIflATOIGGICAL STATIONS DSHD IN 

ANALYSES AND BEGIONAL CLASSIFICATIONS

S t a t i
Code

on
S t a t i o n

Z o n a l
Region

M erid .
R egion

Change
Region

1 P o r t l a n d ,  ME la la 1
2 C o n c o rd ,  NH 1b 1c 1
3 B u r l i n g t o n ,  VT 1b 3b 4
U B o s to n ,  flA la la 10
5 N a n tu c k e t ,  MA la la 10
6 P r o v id e n c e ,  HI la l a 4
7 H a r t f o r d ,  CT la la 4
8 New Haven, CT la l a 1
9 A lb an y , NY 1b 1c 4

10 B ingham ton , NY 1b 1c 18
11 New Y ork , NY 2 1b 1
12 H a r r i s b u r g ,  PA 4b 1b 3
13 P h i l a d e l p h i a ,  PA 2 1b 4
14 H e ad in g ,  PA 2 1b 4
15 S c r a n t o n ,  PA 4b 1c 4
16 A t l a n t i c  C i t y ,  NJ 2 1b 4
17 T r e n t o n ,  NJ 2 1b 4
18 B a l t i m o r e ,  MD 2 1b 18
19 W ashing ton  DC 2 1b 4
20 L y n ch b u rg ,  7 A 2 1b 4
21 N o r f o lk ,  VA 2 1b 9
22 Hichmond, 7A 2 1b 9
23 A s h e v i l l e ,  NC 2 1b 4
24 C h a r l o t t e ,  NC 2 1b 5
25 G re e n s b o ro ,  NC 2 1b 4
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station
Code Station

Z onal
Region

M erid .
R egion

Change
R egion

26 f l a t t e r a s ,  HC 5c 5 5
27 R a l e i g h ,  NC 2 1b 9
28 W ilm in g to n , NC 10 4a 5
29 C h a r l e s t o n ,  SC 10 4a 9
30 C o lu m b ia ,  SC 10 5 9
31 G r e e n v i l l e ,  SC 5a 5 5
32 A u g u s ta ,  GA 10 5 9
33 S a v a n n a h ,  GA 10 4a 9
34 J a c k s o n v i l l e ,  ?L 10 4a 13
35 Key B e s t ,  FL 6 10 12
36 M iam i, FL 6 10 12
37 Tampa, FL a 8 12
38 A t l a n t a ,  GA 5a 5 5
39 B acon , GA 5c 5 5
40 A p a l a c h i c o l a ,  FL 1C 4a 13
41 P e n s a c o l a ,  FL 5c 4b 5
42 B irm ingham , AL 5b 5 5
43 M o b i le ,  AL 5c 5 5
44 M ontgomery, AL 5c 5 5
45 M e r id ia n ,  MS 5b 5 5
46 V ic k s b u rg ,  MS 5b 5 5
47 New O r l e a n s ,  LA 5c 4b 5
48 S h r e v e p o r t ,  L i 5c 4a 7
49 F o r t  S m ith ,  AE 2 6a 7
50 L i t t l e  Bock, AH 2 5 5
51 A u s t i n ,  TZ 10 6b 13
52 B r o w n s v i l l e ,  TX 7 9 12
53 C orpus C h r i s t ! ,  TX 8 8 12
54 D a l l a s ,  TX 10 6b 13
55 F o r t  W orth , TX 10 6 b 13
56 G a lv e s to n ,  TX 10 4a 13
57 H o u s to n ,  TX 10 4a 13
58 P o r t  A r t h u r ,  TX 5c 4b 5
59 San A n to n io ,  TX a 6b 13
60 C h a t t a n o o g a ,  TN 5b 5 5
61 K n o x v i l l e ,  TN 5a 5 5
62 Memphis, TN 5a 5 5
63 N a s h v i l l e ,  IN 5a 5 5
64 L o u i s v i l l e ,  KY 2 1b 4
65 E v a n s v i l l e ,  IN 2 1b 4
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Station
Code Station

Z onal M erid . Change 
Region Region Region

66 I n d i a n a p o l i s ,  IN 4b 1c 4
67 C i n c i n n a t i ,  OH 2 1b 4
68 Columbus, OH 4b 1c 4
69 D ayton , OH 4b 1c 4
70 P a r k e r s b u r g ,  W7 2 1b 4
71 P i t t s b u r g h ,  PA 4b 1c 4
72 B u f f a l o ,  NY 1b 1c 4
73 R o c h e s te r ,  NY 1b 1c 4
74 S y r a c u s e ,  NY 1b 1c 4
75 E r i e ,  PA 4b 1c . 4
76 C le v e la n d ,  OH 4b 1c 4
77 T o le d o , OH 4b 1c 4
78 F o r t  Wayne, IN 4b 1c 4
79 D e t r o i t ,  MI 4b 1c 4
80 A lp en a , HI 4b 3b 15
81 Grand R a p id s ,  HI 4b 1c 18
82 M a rq u e t te ,  HI 4b 3b 4
83 S a u l t  S t e .  M a r ie ,  HI 1b 3a 4
84 C h ic a g o ,  IL 4b 2 4
85 Green Bay, WI 4b 3b 15
86 M ilw aukee, WI 4b 3b 4
87 D u lu th ,  HN 3 3a 17
88 B ism arc k ,  ND 3 3b 3
89 W i l l i s t o n ,  ND 3 3b 4
90 M in n e a p o l is  -  S t .  P a u l ,  HN 3 3b 4
91 l a  C r o s s e ,  WI 4b 3b 16
92 M adison, WI 4b 3b 15
93 Des H e in e s ,  lA 4b 2 15
94 Dubuque, lA 4b 3b 18
95 C a i r o ,  IL 2 1b 4
96 P e o r i a ,  IL 4b 2 4
97 S p r i n g f i e l d ,  I I 4b 2 15
98 S t .  L o u is ,  HO 4b 2 15
99 C o lum bia , HO 4b 2 15

100 Kansas C i t y ,  HO 4b 2 11
101 S t .  J o s e p h ,  MO 4b 2 15
102 S p r i n g f i e l d ,  HO 4b 2 11
103 T opeka, KS 4b 2 15
104 L in c o ln ,  NB 4a 2 11
105 Omaha, NB 4a 2 • 11
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Code Station

Z onal
Region

M erid .
R egion

Change
Region

106 V a l e t i n e ,  NB 4a 2 15
107 S ioux  C i t y ,  lA 4a 3b 4
108 H uron, SD 4a 3b 4
109 B i l l i n g s ,  UT 4a 2 2
110 H avre , MI 4a 3b 4
111 H e le n a ,  MI 4a 2 2
112 M is s o u la ,  MI 4a 2 3
113 M iles  C i t y ,  MI 4a 3b 3
114 R apid  C i t y ,  SD 4a 2 2
115 C heyenne, SI 4a 2 11
116 L a n d e r ,  HI 4a 2 19
117 S h e r i d a n ,  HI 4a 2 2
118 N orth  P l a t t e ,  NB 4a 2 15
119 D en ver ,  CO 4a 2 14
120 P u e b lo ,  CO 4a 2 11
121 C o n c o rd ia ,  KS 4a 2 11
122 Dodge C i t y ,  KS 4a 2 11
123 W ic h i ta ,  KS 4b 2 16
124 Oklahoma C i t y ,  OK 9a 7 15
125 A b i le n e ,  IX 9b 7 13
126 A m a r i l lo ,  IX 9b 7 11
127 R o s w e l l ,  NM 9b 7 13
128 El P a so ,  IX 9b 7 13
129 A lb u q u e rq u e ,  NM 9b 7 11
130 P h o e n ix ,  AZ 7 9 13
131 lum a , AZ 7 9 21
132 Reno, H7 4a 2 2
133 H in nenu cca , N7 4a 2 11
134 S a l t  Lake C i t y ,  01 . 4a 2 2
135 Grand J u n c t i o n ,  CO 4a 2 2
136 B o is e ,  ID 4a 2 2
137 P o c a t e l l o ,  ID 4a 2 2
138 Spokane, WA 4b 1c 3
139 W alla  W a lla ,  WA 4b 2 2
140 la k im a ,  WA 4a 2 2
141 S e a t t l e ,  WA 5a 5 5
142 l a t o o s h  I s l a n d ,  HA 11 11 22
143 M edford , OR 2 1b 4
144 P o r t l a n d ,  OR 5b 5 6
145 R o se b u rg ,  OR 5a 5 5
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station
Code Station

Z o n a l M e rid .  Change 
R égion R egion  Region

146 E u re k a ,  CA 5fc 5 5
147 S a c ra m e n to ,  CA 10 4a 5
148 San F r a n c i s c o ,  CA 5c 4a 8
149 F re s n o ,  CA 9b 6b 13
150 Los A n g e le s ,  CA 10 8 13
151 San D ie g o , CA a 9 20
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APPENDIX II

D e s c r i p t i o n  o f  Com puter Maps Osed 

I n  t h i s  I n v e s t i g a t i o n

T hro u g h o u t t h i s  i n v e s t i g a t i o n ,  a l a r g e  number o f  

maps w ere  p r e s e n t e d  t h a t  were p ro d u ce d  u s in g  t h e  SIMAP p a ck ­

a g e .  B a s i c a l l y ,  i n  e v e r y  c a s e ,  t h e  x and y c o o r d i n a t e s  f o r  

a l l  151 s t a t i o n s  w ere  e n t e r e d  i n t o  t h e  program  a lo n g  w ith  a 

d a t a  v a lu e  f o r  e a c h  s t a t i o n .  A s e p a r a t e  s e t  o f  c o o r d i n a t e s  

was e n t e r e d  which d e f i n e d  t h e  b o u n d a ry  o f  t h e  c o te rm in o u s  

U n i t e d  S t a t e s ,

T h ree  d i f f e r e n t  t y p e s  o f  maps were u s e d ,  i n c l u d i n g  

(1) p ro x im a l  maps, (2) c o n to u r  maps, and  (3) t r e n d - s u r f a c e  

m aps. The p ro x im a l  map c o n s t r u c t i o n  d id  n o t  assum e t h a t  a 

c o n t i n u o u s  s u r f a c e  e x i s t e d  i n  t h e  d a t a .  E very  l o c a t i o n  in  

an  a r e a  was a s s i g n e d  t h e  d a t a  v a lu e  o f  th e  s t a t i o n  n e a r e s t  

t h a t  l o c a t i o n .  The c o n to u r  map i n t e r p o l a t e d  a c o n t in u o u s  

s u r f a c e  b a se d  on a l l  g iv e n  v a lu e s  f o r  t h e  s t a t i o n  l o c a t i o n s .  

A t r e n d - s u r f a c e  map f i t  a p o ly n o m ia l  e q u a t i o n ,  o f  v a ry in g  

o r d e r s ,  t o  t h e  a r r a y  o f  d a t a  v a lu e s .

F i g u r e  20 i n  C h a p te r  7 d i s p l a y s  c l i m a t i c  r e g i o n s  f o r  

a com bined  z o n a l - m e r i d i o n a l  t im e  p e r i o d .  F o l lo w in g  a s e p a -
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r a t e  c l u s t e r i n g  a l g o r i t h m ,  e a c h  s t a t i o n  was a s s i g n e d  a v a lu e  

from  one t o  t e n  i d e n t i f y i n g  t h e  c l u s t e r  i n  which i t  was 

g ro u p e d .  à l l  p o i n t s  on t h e  map were a s s i g n e d  t h e  v a lu e  o f  

t h e  n e a r e s t  s t a t i o n .  Each c l u s t e r  was a s s i g n e d  a map p a t ­

t e r n  from  a c o n t i n u o u s  g r a y - t o n e  s e r i e s .  F o r e x a m p le ,  c l u s ­

t e r s  l a b e l e d  one  and  two w ere  r e p r e s e n t e d  by much l i g h t e r  

s h a d e s  t h a n  c l u s t e r s  n in e  and  t e a .  A t e a c h  s t a t i o n  l o c a ­

t i o n ,  t h e  a c t u a l  d a t a  v a lu e  was p r i n t e d .

F ig u r e  11 i n  C h a p te r  IV shows t h e  c o n t in u o u s  s u r f a c e  

o f  t e m p e r a t u r e  c h an g e  v a l u e s  a c r o s s  t h e  O n ited  S t a t e s ,  and 

i s  a n  exam ple  o f  a c o n to u r  o r  i s o p l e t h  map. T em p era tu re  

c h a n g e  v a lu e s  were e n t e r e d  f o r  e a c h  x and y s t a t i o n  l o c a ­

t i o n .  The SIMAP p a c k a g e  th e n  i n t e r p o l a t e d  a c o n t i n u o u s  s u r ­

f a c e  from  th e  g iv e n  d a t a  v a l u e s .  The i n t e r p o l a t i o n  p ro c e ­

d u r e  u t i l i z e d  b o th  t h e  d a ta  v a l u e s  and th e  d i s t a n c e s  t o  t h e  

n e a rb y  s t a t i o n  l o c a t i o n  t o  p ro d u c e  t h e  s u r f a c e .  The a c t u a l  

c o n to u r  l i n e s  on t h i s  map a r e  t h e  w h ite  l i n e s  s e p a r a t i n g  t h e  

r e g i o n s  t h a t  d i s p l a y  d i f f e r e n t  s h a d i n g .  The p ro c e d u re  o f  

s h a d in g  s e c t i o n s  o f  a s u r f a c e  w i th  h e i g h t s  i n  some ra n g e  o f  

a d a t a  i s  w id e ly  u se d  i n  h y p s o m e tr ic  maps show ing lan d fo rm  

h e i g h t .  The o r i g i n a l  d a t a  were g ro u p ed  i n t o  f i v e  c l a s s e s  

fo rm ed  u s i n g  an  a p p ro x im a te ly  e q u a l  r a n g e  i n  t h e  d a t a  v a lu e s  

f o r  e a c h  c l a s s .  The key  i n  t h e  lo w er l e f t  c o r n e r  d i s p l a y s  

t h e  d a t a  r a n g e  f o r  e a c h  c l a s s .  S t a t i o n s  w ith  v a lu e s  f o l lo w ­

i n g  on th e  b o r d e r  b e tw ee n  two g ro u p s  ( d i r e c t l y  on one o f  t h e  

c o n to u r  l i n e s )  were g ro u p ed  i n t o  t h e  h ig h e r  c l a s s .  For
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e x am p le ,  a s t a t i o n  w i th  a v a lu e  o f  - 2 . 4 9  was g rouped  i n t o  

t h e  se co n d  c l a s s  i n  F i g u r e  11. The f r e q u e n c y ,  o r  number o f  

s t a t i o n s  i n  e a c h  c l a s s ,  i s  shown d i r e c t l y  b e n e a th  t h e  d i s ­

p la y  o f  sym bols used  f o r  each  c l a s s .  E ig h t  s t a t i o n s  were i n  

c l a s s  1, t w e n t y - t h r e e  i n  c l a s s  2 ,  and s c  on. At e ac h  s t a ­

t i o n  l o c a t i o n  on t h e  map, t h e  v a lu e  p r i n t e d  was th e  v a lu e  o f  

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

F ig u re  15 i n  C h a p te r  IV i s  an  example o f  a t r e n d -  

s u r f a c e  map p r e p a r e d  from th e  f a c t o r  s c o r e s  o f  t h e  Hind P e r ­

s i s t e n c e  component i n  t h e  c l i m a t i c  ch ang e  m a t r i x .  Using a 

r e g r e s s i o n  t e c h n iq u e  d e s c r i b e d  i n  t h e  t e x t ,  a p o ly n o m ia l  

e q u a t i o n  was f i t t e d  t o  t h e  s u r f a c e  form ed by t h e  g iv e n  d a t a .  

T he e f f e c t  o f  t h i s  t e c h n iq u e  was t o  sm oo th , o r  f i l t e r ,  p a t ­

t e r n s  t h a t  c o n t a i n  l a r g e  am ounts o f  " n o i s e " .  The c l a s s  

i n t e r v a l s  a r e  p r i n t e d  j u s t  above th e  d i s p l a y  o f  symbols i n  

u s e .  The i n t e r v a l s  were d e te rm in e d  by b r e a k in g  t h e  d a t a  

i n t o  g u i n t i l e s  where f i v e  f a i r l y  e q u a l  c l a s s e s ,  i n  te rm s  o f  

t h e  number o f  s t a t i o n s  i n  e ach  c l a s s ,  were c r e a t e d ,  A gain , 

v a l u e s  on t h e  c l a s s  b o r d e r s  were a s s ig n e d  t o  th e  h ig h e r  

q u i n t i l e .  The f r e q u e n c y  o f  t h e  s t a t i o n s  i n  t h e  g ro u p in g s  

was g iv e n  b e n e a th  t h e  sy m b o ls .  A l l  o f  t h i s  i n f o r m a t io n  was 

d e te rm in e d  b e f o r e  a p o ly n o m ia l  was f i t t e d  t o  t h e  d a t a .

Once t h e  p o ly n o m ia l  was c a l c u l a t e d ,  t h e  r e s u l t i n g  

s u r f a c e  was p r e s e n t e d  u s in g  t h e  same c l a s s  i n t e r v a l s .  The 

map t h a t  r e s u l t e d  was e s s e n t i a l l y  a c o n to u r  map o f  t h e  s u r ­

f a c e  d e s c r ib e d  by t h e  c a l c u l a t e d  p o ly n o m ia l ,  Ihe v a lu e s
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p r i n t e d  a t  e a c h  s t a t i o n  l o c a t i o n  « e re  t h e  c l a s s  sym bols (1 

t o  5) o f  t h e  o r i g i n a l  d a t a .  k w ide r a n g e  o f  num bers c o u ld ,  

t h e r e f o r e ,  a p p e a r  i n  an  a r e a  where t h e  p o ly n o m ia l  s u r f a c e  

was a t  some c o n s t a n t  c l a s s  h e i g h t .  O c c a s s i c n a l l y ,  o r

**L” a p p e a re d  a c r o s s  some r e g i o n  i n s t e a d  o f  one o f  t h e  g iv e n  

map sy m b o ls .  I f  t h e  s u r f a c e  form ed by th e  p o ly n o m ia l  f e l l  

be low  t h e  d a t a  v a lu e s  p r i n t e d  i n  t h e  k e y ,  t h e  sym bol "I** was 

p r i n t e d .  T hese  sy m bo ls  can  be  fo u n d  i n  n o r t h e r n  Haine on 

F i g u r e  15. C o n v e r s e ly ,  i f  t h e  h e i g h t  o f  t h e  t r e n d - s u r f a c e  

e x c e e d e d  t h e  h i g h e s t  v a lu e  i n  t h e  d a ta  r a n g e ,  t h e  r e g i o n  was 

r e p r e s e n t e d  by t h e  sym bol "K” . T hese  a p p e a r  i n  n o r t h e r n  

Maine on F ig u r e  16.
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APPENDIX III

aODIFIED DISCSIfllNANT PONCTIONS AND RESULTING INDICES OSED 

IN THE EVALUATION OF THE 1976-1977 SINTER

In d e x Code S t a t i o n F u n c t io n

1 .15 12 H a r r i s b u r g , PA Y=6. 8 - .1  (RH) +.1(PD) 
RH=58,PD=7.3

1 .5 6 22 Richmond, ?A Y = 7 .3 - .1  (T) - .  1 (RH) +,2{PD) 
T=37.4 ,RH =62.3 ,PD =8

1 .28 25 G re e n s b o ro , NC Y = 6 .4 - .1  (RH)+.2(P) 
R H = 62 .7 ,P= 2 .6

1 .1 8 27 R a l e i g h ,  NC Y=5. 0 - .1  (RH)+.2 (P) 
RH=62.7,P=3.G

.6 6 31 G r e e n v i l l e , SC Y=4.8+.1 (TJ - .  1 (RH) ♦. 1 (PD) 
T=37.7,RH=58.7,PD =8

1 .66 43 H o b i l e ,  AL Y=5. 5+.1 ( T ) - .1  (RH) 
T=47.0,RH=64

2 .0 7 50 L i t t l e  Rock, AH Y=6. 9 - .1  (RH) +. 1 (PD) 
RH=55,PD=5.7

1 .03 59 San A n to n io , TX Y=6. 3 - .1  (RH) +. 1 (PD) 
RH=66,PD=9.3

1 .0 7 61 K n o x v i l l e ,  TN Y=9. 6 - .1  (RH) +. 1 (PD) 
RH=64,7,PD=9.3

.8 6 67 C i n c i n n a t i , OH Y = 8 .7 - .1  (RH)+. 1 (PD) 
S E = 72 .7 ,?D = 8 .7

.9 0 87 D u lu th ,  HN Y=-38. 2+. 1 (PS) - .  1 (RH) +. 4 (P) 
PS=961,RH=66,P=.4
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.30  89 i i l l i s t o n ,  ÜD

1 .3 8  91 L a c r o s s e ,  a i

2 .7 1  92 H a d iso n ,  HI

1 .43  96 P e o r i a ,  IL

.9 3  105 Omaha, BB

1 .1 8  109 B i l l i a g s ,  BT

.5 3  121 C o n c o r d ia ,  KS

2 .1 5  125 A b i l i n e ,  I I

1 .6 3  148 San F r a n c i s c o ,  CA

1=5. 3 - .1  (EH) + .8  (P) 
E H = 7 8 .3 ,P = .6

1 = 6 . 2 - . 1 (EH)
EH=69

Y = 86 .7 - .1  ( P S ) - . 1 (T ) - .1  (RH) 
P S = 983 ,1 = 1 3 .1 ,2 8 = 7 0 .  1

1 = 6 .3 1 - .  1 (EH) - . 2 ( P )  + .1 (PD) 
S f l= 6 7 .3 ,P = .8 ,P D = 8 .7

1=5. 16-. 1 (EH) + .1  (PD) 
BH =71.7,?D =5.7

I = 2 .3 + .1  ( I ) - . 1  (RH) +1.1 (P) 
T = 29 ,S H = 51 .7 ,P = .6

Y = 5 .8 - .1 (S H )+ .2  (PD) 
SH=66.3,PD=4

Y =-107 .8  + .1 ( P S ) - . I  (RH}+.1 (PD) 
PS=955 ,5 ,E H = 57 .3 ,PD = 3.7

ï= - 1 4 1 .3 + .1  (PS) +. 1 (P) 
P S = 1019 .9 ,P = 1 .9 8

w here  Y = Continuum  In d e x  
PS = P r e s s u r e  
EH = R e l a t i v e  H um idity  

P = P r e c i p i t a t i o n  
PD = P r e c i p i t a t i o n  Days

The v a r i a b l e s  i n  use  were 
c h o se n  from s t e p w i s e  d i s ­
c r i m i n a n t  m o d e ls .  The m odels 
h e re  r e p r e s e n t e d  r e s u l t s  
from  r e g r e s s i o n  a n a l y s e s  
where t h e  d e p e n d e n t  v a r a i b l e  
was a s s i g n e d  0 f o r  z o n a l  
y e a r s  and  1 f o r  m e r id io n a l  
y e a r s .
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APPEHDIX IT

SIXTH-ORDEE TREND PITTINGS FOR CHANGE SURFACES 
IN ELEVEN CLIHATIC ELEMENTS

C o e f f i c i e n t  c f  C o e f f i c i e n t  o f  
F ig u r e  E lem en t C o r r e l a t i o n  D e te r m in a t io n

A P r e s s u r e .4 9 .2 4
B T em p era tu re .7 0 .4 9
C R e l a t i v e  H um idity . 55 .4 3
D P r e c i p i t a t i o n .7 1 .51
E P r e c i p i t a t i o n  Days .7 4 .5 4
F Hind V e lo c i ty . 37 .1 4
G N o r th e r ly  Hind Comp, .5 2 .5 7
H W e s te r ly  Hind Comp. .3 2 . 10
I R e s u l t a n t  Wind 5p. . 47 .2 3
J Y e a r ly  Wind P e r s . .41 .1 7
K M onthly Hind P e r s . .5 3 .2 3
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Figure J; Sixth-Order Trend Fitting to a Surface
of Yearly Wind Persistence Changes



|85*

totoO
35*

e e  000
fiOe 4 0  4 4 3 f «
e a e o s  o o o o o o  
e e o o B  0 0 9 0 0 0 0  

0 5 0000000%O 44
o o o o o o o o o o o o o o o  4<f 

4 o o o o o o o o o o o o o o o  4
4 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
444  o o o o o o o o o o o o o o o

# 4 2 4  o o o o o  0 0 0 2 0 0 0 0  
• •  44 0 0 0  a a e a  0 0 0 0 0 2  
% * 44 00 eeebB O Q O oeQ  o o o o o o  2
• • 44 c  o o e o e t ie  o e u e e e o e  o o o o o  

44 0 e a e  4 #  o e u o a e  o o o o o o o o

4 0 0 0 0 0 0  0 0 8 0 8 6 0 8  
Ü 0 0 0 Ü U 0  6 8 3 8 6 8 8 0  6 8 8 8 8 8 0 0

OOOOO 6 0 8 8 6 8 8 0 8 0 8 8 6 8 8  OOOOO
0000000 00000 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 1 0 0 0
4 4 4 4 4 4 4

LLL
LLLLL

4 4 2 4  
4 4 4 4 4

4 4 4 4 4 4
I or

0 0 0 0 0 0 0 5

4 4 4  4 4 4 4 ,
5 0 0  2

0 0 0 0 0 0 0  4 8  
3 0 3 0 0 0 0 CO 6 6 0  

' 2 0 0 0 0 0 0 0 0 0 3  6 6  3Q
000001000000 20ij 

2000000000000cooosi
0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 1

, .4  0 688 tiiviiiioaia
. 4 0  e o s e a n t i f l i a i i  
• • 1 0 6  Diaieiaix 

, 1 .  4  0  6  M i a v a s i i B  
4 0  6  
4 4 6  • u a a i i a i s  
4 a «■■■■■■It 
4 0 8  ■ a i B i v i a

4 0  6  
4 0  8  mamUwü

1 0 6  a i i a s a
4 0  6  M ■■

4 0  6
4 0

4 6 6 8 6 0 0  0 0 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 2 0  3 4 4 ,
lUM 8 6 0 8 6 6 6 8  0 0 0 4  0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0  4 2 4 4

KfMIBUaVIBK 0 6 8 0 0 8 8 8 6 0 0  1 0 0 1 0 0 0 8 0 0 0 0 0 0 0 0 0  SlA44 I
■ ■ l U a a n B R B I I B B a  e 3U eW 6Ü 8W U80U Ü Q 880880U H 8 3 8 H 8 8 U 8 H 8 e 8 5 0 0 0 U W e 2 0 8 8  2 0 0 0 5 0 0 0 0 0 0 0 0 1 4 4 4 1
m i a a B B i a i i H ^ a a i i M n a  a u a e û a e o a â H O B s a a a o s B lo e e u a n u e B e B u a B R o u B B e o u Q O B  o o o o o o o o o o  44444I  
■ ■ > a a a a a i V V I i a B B a a « a 3 a a  O6U086G8ü06U6806e8OÜU48ü85H0H0U84 683668U 6H  o o o o o o o o o  4 4  4 4 4  
•  « « ■ ■ ■  i K a K a a i M S K a u a a K « < i i a « a  ü 0 3 8 H 8 b 0 u ü u u u B 8 ü 0 e a 8 ü n b ü B B ü e o a 6 U ü B & B 6 e o  000000000344444 1 
s e i a a i S B i i B t B B B K i a a i i a i a B i B B a  a o o u u A & u o o e o o ' j o u o a o o o o o ^ o e o B b o e n o o u  o o o o o o o o o  
mammmmmmmammmamameaaaaaaamaaaaaa o u w o a o o a w a e o o e a a a o o o a a a o a b G e a u a e  o o o o o o o o o  4

BBBBMBBBBBaBBBBü

Class Intervals
Monthly Wind Persistence t-Scores

0 . 0 1  
O . I O

- 0 . 5 4  
- 0  • 16

-0.10
- 0  . 0 6

0.10
0 . 4 5

—0 .  0 6  
0 , 0 1

* * * » c s « f t M « a u a M A S B X » a s a s s i Æ 3 S s a t t a M S B S 3 x » a « c a s a c s B K K n  
4 4 4 4 4 4 4 4 4  OOOOOOOOO 8 0 0 0 l i U U 0 0  BBBBBBBBM 
4 4 4 4 4 4 4 4 4  OGUÜÜQOOÜ 6 6 6 0 0 8 8 0 6  BBBBBIBBH 
4 4 4 4 2 4 4 4 4  0 0 0 0 3 0 0 0 0  8 8 6 0 1 6 0 6 8  444444444 OOOOOOOOO 6 8 8 8 0 0 8 0 8  BBCaBBUBB 
4 4 4 4 4 4 4 4 4  OCCOOÛÛOO 8 6 8 8 8 0 8 0 0  IIMUNHflBa

. ' • a B B a a i s s s s i . f l a a s a a B S S B s a a a a  s s s c s & » 8 a » a a a a a
3 0  3 0  31  3 0  3 0

0 6 0 6 0 8 8 0 0 8 8 8 0 0 8 6 0 8 0 0 8 0 8 8 8 0 0  2 0 0 4 0 0 0 0 0 0 0
( I B 6 8 f i6 0 6 (y )a U 6  8 6 0 6 8 8 6 8 0 6 6 0  0 0 3 | 0 0 0 0 0  1 0 0 3 4

B « 8 « a B B l  BBBBB e e 3 0 6 0 e ( M M j 0 B U t 1 B 6 8 8 0 2 O  0 0 0 0 0 # g * 0 0 0 0 0 4  44
-----------------------6 6 0 0 6 0 0 0 0 0 0 6 8 8 4 8 0 0 6  OOOOOOOOOOOOOOO 4 4 4 5

0 8 0 0 8 6 6 6 0 8 8 0 8 8 8 0 0 8  0 0 0 0 0 0 0 0 3 0 0 0 0 0 4 0
0 0 0 0 0 6 6 6 6 8  6 8 0 6 6 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  34

0 6 8 3 5 0 0 8 0 6 8 5 0 6 0  0 0  2 0 0 0 6  3 0 0 0 0 0  40  4 4 4 4  
■ 6 6 6 0 0 8 0 6 0 6 0 0 0  OOOOOOOOOOOOOOO 4 4 4 4 4 4 4 4 4 4 4  
■■ 0 0 0 8 0 6 0 0 0 0 0 8 0  QOOODOÛOQOODOO 4 4 4 4 4 4  
BBB 0 8 0 8 8 0 0 8 0 0 0 8  0 0 0 0 0 0 0 0 10 2 0  4 4 4 4 4  0 0 0 0 3  I 

B B IB B B IB « aB B B « B B 4 B  6 8 6 0 8 8 0 8 6 8 8  O O 4 0 0 f ^ ^ ^ ^ S ^ ^ W ^ 0 p 0 O O
BBBBBBBB4BBBBB 0 5 8 4 0 6 6 8 6 6 8  0 0 0 0 %  ^ C O O  Q}

6Ji> ^  008̂
0 8 8

4 0 0  MILES V O  >*1
L.WI

j a e a u B l  
3 III

I-
200 k.#m

Class Frequencies

I

Figure K; Slxth-Order Trend Fitting to a Surface 
of Monthly Wind Persistence Changes
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