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A33 S TRACT 

An exp lo ra to ry  s tudy i s  made of t h e  d i u r n a l  v a r i a t i o n s  of p rec ip i -  

t a t i o n  occurrence and of s u r f a c e  wind speed from summaries of hour ly  

observa t ions  dur ing  t h e  decade 1951-1960 a t  U.S. Weather Bureau (now 

Nat iona l  Weather Serv ice)  a i r p o r t  s t a t i o n s  i n  and neighboring North 

Caro l ina .  The breadth  of poss ib l e  publ ic  i n t e r e s t s  i n  t hese  t o p i c s  urged 

a  compromise of t e c h n i c a l  and popular modes of p re sen t ing  t h i s  s tudy .  

Resu l t s  a r e  presented i n  t he  form of c l i m a t o l o g i c a l  p r o b a b i l i t i e s  

of r a i n f a l l  occurrence f o r  each hourly period of t h e  day i n  four  months 

(January,  A p r i l ,  J u l y ,  and October) f o r  n ine  s i t e s  i n  t h e  r eg ion ,  i nc lud ing  

Cape H a t t e r a s .  Geographic p a t t e r n s  of t h e s e  d i u r n a l  t r ends  i n  hour ly  r a i n  

occurrence a r e  given f o r  t h e  month of J u l y  i n  two ca t egor i e s  of r a i n f a l l  

amounts du r ing  t h e  hourly i n t e r v a l s ,  namely, measurable r a i n  and qua r t e r -  

i nch  r a i n .  S i g n i f i c a n t  geographic v a r i a t i o n s  a r e  found. 

Diurnal  v a r i a t i o n s  of s u r f a c e  wind speed a r e  presented and analyzed 

f o r  those four  months a t  t h e  c o a s t a l  and piedmont s t a t i o n s .  The most 

prominent f e a t u r e  r e s u l t i n g  is t h e  tendency f o r  winds from south-southwest 

and those  from nor th-nor theas t ,  the two modal d i r e c t i o n s  f o r  t h e  r e g i o n ,  

t o  have r a d i c a l l y  d i f f e r e n t  and i n  c e r t a i n  r e s p e c t s  reversed  d i u r n a l  

t r ends  of wind speed. This i s  ev ident  i n l and  and a l s o  a t  t h e  marine loca-  

t i o n  of H a t t e r a s .  These a r e  r e l a t e d  t o  d i u r n a l  changes i n  t h e  temperature 

p a t t e r n  of t h e  atmosphere 's  boundary l a y e r  under t h e  d i f f e r i n g  c o n t r o l s  by 

t h e  c o n t i n e n t a l  and marine s u r f a c e s ,  Impacts on o ther  weather e lements  

l o c a l l y  and on t h e  v a r i o u s  processes  and a c t i v i t i e s  i n  t h e  b iosphere  remain 

t o  be explored.  



TABLE OF CONTENTS 

Page 
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . .  i 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  A B S T R A C T .  if 

L I S T O F F I G U R E S  . . . . . . . . . . . . . . . . . . . . . . . . .  iv  

. . . . . . . . . . . . . . . . . . . . .  SUMMARY AND CONCLUSIONS I 

. . . . . . . . . . . . . . . . . . . . . . . . .  RECOMMENDATIONS 5 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  DATA SOURCES 6 

SOME S W R Y  S T A T I S T I C S  ON DAILY AND HOURLY P R E C I P I T A T I O N  . . . .  8 

DIURNAL VARIATIONS I N  P R E C I P I T A T I O N  OCCURRENCE . . . . . , . . . .  17 
P R E V A I L I N G  WIND DIRECTIONS . . . . . . . . . . . . . . . . . . . .  32 

WIND S P E E D  FREQUENCY D I S T R I B U T I O N  . . . . . . . . . . . . . . . .  37 

. . . . . . . . . . . . . . . .  DIURNAL VARIATIONS I N  WIND S P E E D S  38 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  REFERENCES 49 

f i i  



LIST OF FIGURES 

Figure  1. Time-Distance Sec t ions  of Monthly Occurrences of 
Measurable Rain During Hourly I n t e r v a l s  ( Ju ly)  

F igure  2 .  Time-Distance Sec t ions  of Monthly Occurrences of 
0.25-inch Rain During Hourly I n t e r v a l s  ( Ju ly)  

Page 

2 4 

F igure  3.  Diurna l  D i s t r i b u t i o n s  of Normalized Dif fe rence  i n  
Frequency of Winds 0-3 mph and Winds -13 mph, 
Nashv i l l e ,  Tennessee, and Rale igh ,  North Caro l ina ,  
1951-1968. 42 

F igure  4 .  D i f f e rence  i n  Frequency of Wfnds 0-3 mph and of 
Winds +13 mph f o r  Se l ec t ed  Months of October,  
1953-1962, a t  Cape H a t t e r a s .  

LIST OF TABLES 

Table 1. S t a t i s t i c s  on P r e c i p i t a t i o n  Frequencies and Amounts 
(1951-1960; January,  A p r i l ,  J u l y ,  October) 9 

Table 2 .  Percen t  of Days w i t h  Measurable P r e c i p i t a t i o n  by 
Three-Month Pe r iods ,  1951-1960, a t  Se lec ted  
S t a t i o n s  i n  t h e  United S t a t e s  12  

Table 3. Percentage Frequency of Occurrence of '-0.01 in .  Rain 
During t h e  Hour (each c lock  hour of t he  day) 19 

Table 3a. Table 3 d a t a  f o r  Ashev i l l e  (March 1950-February 1955) 19  

Table 4. Pe rcen t  Frequencies  of Wind Di rec t ions  i n  A p r i l ,  
J u l y ,  October,  and January (1951-1960) 33 

Table 5. Percent  of Winds 0-3 mph Minus Percent  of Winds 
'"13 mph, Normalized t o  Mean Zero 3 9 



SUMMARY AND CONCLUSIONS 

Value of weather and c l imate  informat ion  is  what t h e  user  makes of 

i t .  Uses a r e  a s  d i v e r s e  a s  t h e  i n t e r e s t s  and a c t i v f t i e s  of mankind i n  

adapt ing  b e n e f i c i a l l y  t o  h i s  e a r t h l y  environment, t h a t  i s ,  man's geo- 

phys i ca l  ecology. Frequent ly he is unaware of u s e f u l  information e x i s t i n g ,  

how i t  bea r s  on h i s  s p e c i f f c  problems, and what a r t i c u l a t i o n  i s  needed t o  

r e a l i z e  va lue .  Meteorological  resources  can  b e  a v a i l a b l e  w e l l  beyond 

awareness of rhe  spectrum of needs f o r  them t o  t h e  economic b e n e f i t  and 

pub l i c  progress .  I n  s e r v i c e  t o  t h e  broad consumer wi th  informat ion  so 

n a t u r a l l y  s e n s i t i v e  and complex, meteorology has acknowledged l i m i t a t i o n s  

i n  s e rv ing  everybody wi th  every th ing .  So i t  is  t h a t  p o t e n t i a l l y  va luab le  

information on the  atmospheric environment t o  one segment of s o c i e t y  o f t e n  

goes unused i n  t h e  r e a l i s t i c  want of communication--or of cognizance of 

values--between s u p p l i e r  and u l t i m a t e  u s e r .  

The informat ion  given i n  t h i s  r e p o r t  i s  i n  many r e s p e c t s  a n  example 

i n  p o i n t .  The d a t a  employed have been a v a i l a b l e  f o r  yea r s  i n  publ ished 

form. A l l  t h a t  was done by t h i s  modest seudy was t o  ana lyze  those  f o r  a  

geographic reg ion  and t o  a t tempt  f n t e r p r e t a t i o n s  f o r  p o t e n t i a l  u s e s ,  par- 

t i c u l a r l y  a s  background i n  va r ious  water  resources  a p p l i c a t i o n s ,  i n  some 

ignorance of t h e  breadth  of i n t e r e s t s  and t h e  depth of u t i l i t y  i n  a l l  c a s e s .  

A purpose i n  provid ing  t h i s  pre l iminary  informat ion ,  which i s  p r e s e n t l y  

l imi t ed  i n  b a s i s  and crude  i n  p o t e n t i a l  u s e s ,  i s  t o  sound pe r spec t ives  

and gene ra t e  d ia logues  among i n v e s t i g a t o r s  and u s e r s  of such weather 

information f o r  planning e f f i c i e n t  f u t u r e  courses  of s tudy .  That work i s  

t h e r e f o r e  by no means complete. Fu r the r ,  t h i s  r e p o r t  summarizes only  a  

small p a r t  of t he  i n v e s t i g a t i o n s  proceeding under t h e  Water Resources 



Research I n s t i t u t e  p r o j e c t  wi th  which au thor  and work a r e  i d e n t i f i e d .  

Because t h i s  segment was e a s i l y  de tachable  i n  both purpose and pub l i c  

appea l ,  i t  i s  provided a s  a s e p a r a t e  t e c h n i c a l  r e p o r t  wi thout  summarizing 

o the r  r e s e a r c h  f i n d i n g s  of t he  p r o j e c t  t o  d a t e .  I n  t h i s  c o n t e x t ,  t h e  

u sua l  s e c t i o n s  of a r e p o r t  dea l ing  w i t h  summary, conclus ions ,  and 

recommendations assume modified meaning. 

Measurable r a i n  occurs  on t h e  average about  one day i n  t h r e e .  That 

frequency v a r i e s  w i t h  the  season,  be ing  h igher  i n  t h e  summer and lower 

i n  t h e  autumn. Within any season o r  month t h e r e  a r e  geographic v a r i a t i o n s  

ac ros s  t h e  reg ion  i n  t he  frequency of r a i n  days ,  and those a r e  expected t o  

be  more pronounced t h e  s h o r t e r  t he  time frames considered.  The average 

r a i n f a l l  per  r a i n y  day i s ,  on t h e  whole, somewhat h igher  i n  summer than  i n  

o the r  seasons .  But t h e  upper piedmont and e a s t e r n  mountain a r e a s  of North 

Caro l ina  d i f f e r  from t h i s  gene ra l  p a t t e r n  i n  having more r a i n  per  r a i n y  

day i n  w in te r  (o r  e a r l y  sp r ing )  than  i n  summer. 

General ly  between four  and e i g h t  percent  of t h e  hour ly  weather r e p o r t s  

g ive  measurable r a i n  i n  t h e  preceding hour .  On the  whole about a n  equal  

a d d i t i o n a l  number of hour ly  i n t e r v a l s  dur ing  which r a i n  was r epo r t ed  

accumulated less-than-measurable amount i n  t h e  hour .  R a i n f a l l  i n t e n s i t i e s ,  

a s  determined from d iv id ing  t h e  monthly r a i n f a l l  t o t a l  by t h e  number of 

hour ly  r e p o r t s  du r ing  t h e  month having measurable r a i n ,  average about  2.5 

t imes a s  l a r g e  i n  summer a s  i n  w i n t e r ,  and t h e  t r a n s i t i o n a l  seasons  a r e  

nea re r  t o  w in te r  i n  t h i s  r e s p e c t .  For measurable r a i n  amounts, t h e  number 

of r a i n y  hour ly  i n t e r v a l s  per  r a i n y  day is  about  s i x  i n  w in te r  and t h r e e  

i n  summer. I n  t h e s e  f i g u r e s  t h e r e  a r e  some d i s t i n c t  geographic v a r i a t i o n s  

w i t h  l a t i t u d e  and even more wi th  d i s t a n c e  from ocean and mountains.  I n  



s t a t i s t i c s  such a s  r a i n f a l l  t h e  va r i ance  is  expected t o  grow r a p i d l y  a s  

l e n g t h  of time period considered i s  decreased.  

The p r i n c i p a l  element sought and presented i s  t h e  d i u r n a l  v a r i a t i o n  

i n  r a i n f a l l  occurrence,  a s  i nd ica t ed  by percentage f r equenc ie s  of r a i n  

observed i n  each of t h e  24 hour ly  i n t e r v a l s  of t h e  day. These climato- 

l o g i c a l  p r o b a b i l i t i e s  of measurable r a i n  dur ing  t h e  hour a r e  given f o r  

f o u r  months of t h e  year (January,  A p r i l ,  J u l y ,  and October) f o r  n i n e  

Nat iona l  Weather Serv ice  s r a t f o n s  i n  t h e  r eg ion .  These b r ing  ou t  t he  

e x t e n t  of t h e  dPurnal  v a r i a t i o n  Yn r a i n  frequency a s  w e l l  a s  dependence 

on season and geography. The most d i s t i n c t  d i u r n a l  cyc l e  is  t h a t  i n  t h e  

warm season r a i n ,  and i t  d i f f e r s  d i s t i n c t l y  from wes tern  t o  e a s t e r n  North 

Caro l ina .  Geographic p a t t e r n s  of hour ly  r a i n  occurrence a s  f u n c t i o n  of 

t h e  clock i n  J u l y  a r e  presented f o r  measurable r a i n s  and a l s o  f o r  qua r t e r -  

inch  per  hour r a i n s ,  Because of t h e  l a r g e  d i u r n a l  v a r i a t i o n s  i n  evaporat ion 

from t h e  s u r f a c e  i n  t h e  summer, t h e  p e c u l i a r  d i u r n a l  p a t t e r n s  i n  r a i n  

occurrence a r e  expected t o  have decided impacts on t h e  assessments  of runoff  

and i n f i l t r a t i o n  from da i ly ,weekly ,  o r  monthly ra ingage  measurements. 

The second p a r t  of t h e  r e p o r t ,  dea l ing  wi th  d i u r n a l  v a r i a t i o n s  i n  

s u r f a c e  wind speeds,  f i n d s  a wider s e t  of p u b l i c  i n t e r e s t s  and,  s o  f a r ,  a 

l e s s  c l e a r  and wefghty r o l e  i n  water  r e sou rces ,  Because winds a r e  one of 

s e v e r a l  in te rdependent  f a c t o r s  i n  such important  processes  a t  and near  t h e  

s u r f a c e  i n t e r f a c e  a s  evapora t ion ,  fog and dew and f r o s t  formation,  cool ing 

r a t e s  of water  bod ie s ,  and t h e  t r a n s p o r t  and d i f f u s i o n  of e f f l u e n t s ,  i t  was 

decided t o  add t h i s  i n t e r e s t i n g  phase of l o c a l  weather .  There a r e  expected 

t o  be  r e l a t i o n s h i p s  both  s t a t i s t i c a l  and phys i ca l  between t h e  d i u r n a l  

v a r i a t i o n s  of r a i n  and of wind p a t t e r n s ,  bu t  no a t tempt  was made t o  examine 

those  here .  



The s i g n i f i c a n t  f i nd ing  i s  t h a t ,  i n  a d d i t i o n  t o  the  known gene ra l  

d i u r n a l  v a r i a t i o n  of wind over land due t o  t h e  much l a r g e r  d i u r n a l  tempera- 

t u r e  range a t  t h e  s u r f a c e  than i n  l e v e l s  above, i n  t h i s  r eg ion  e a s t  of t h e  

Appalachians t h e r e  i s  an  added component of wind v a r i a t i o n  a sc r ibed  t o  

d i u r n a l  o s c i l l a t i o n  i n  the  h o r i z o n t a l  d i s t r i b u t i o n s  of temperature and 

mass of t h e  lower atmosphere a r i s i n g  from t h e  Less v a r i a n t  s u r f a c e  tempera- 

t u r e s  of t h e  ocean than  of t h e  con t inen t .  That added e f f e c t  is  d i r e c t i o n  

dependent,  c o n t r o l l e d  by physiography, so t h a t  d i u r n a l  v a r i a t i o n s  i n  wind 

speed a r e  more pronounced when winds blow wi th  ocean t o  t h e  r i g h t  ( sou the r ly  

winds) than  from t h e  oppos i t e  d i r e c t i o n .  The d i f f e r i n g  e f f e c t s  a r e  most 

apparent  w i th  c l e a r  s k i e s  over land .  Souther ly  flow a t  t h e  s u r f a c e  has  

l a r g e  drop i n  speed from t h e  a f t e rnoon  h igh  temperature of l and  t o  t h e  low 

temperature near  s u n r i s e .  I n  comparison, n o r t h e r l y  flow has  somewhat 

reduced a f  ternoon speeds b u t  augmented e a r l y  morning speeds.  This  e f f e c t  

appears  over t h e  piedmont, t he  c o a s t a l  p l a i n s ,  and some d i s t a n c e  a t  sea .  

An a n a l y s i s  was made of t h i s  phenomenon a t  Cape H a t t e r a s ,  t h e  s i t e  f o r  

which t h e r e  were i n d i v i d u a l  monthly summaries of wind by c lock  hours  

r e a d i l y  a v a i l a b l e .  

There a r e  v a r i o u s  n a t u r a l  impacts of d i r e c t i o n  dependence i n  t h e  

d i u r n a l  p a t t e r n  of wind speeds ,  some known and o t h e r s  unknown. There a r e  

imp l i ca t ions  t o  short-period weather f o r e c a s t i n g ,  i n  regard t o  t h e  s u r f a c e  

winds a s  w e l l  a s  t h e  d e t a i l e d  condi t ions  a t t e n d i n g  them. There a r e  

r ami f i ca t ions  t o  a  h o s t  of human a c t i v i i t e s  on t h e  l and ,  a t  t h e  c o a s t ,  and 

nearshore a t  s e a ,  a l l  of which a r e  beyond t h e  scope of t h i s  i n i t i a l  presen- 

t a t i o n .  



RECOMMENDATIONS 

I n  some p a r a l l e l  wi th  t h e  i n t e n t  of t h i s  r e p o r t ,  more ques t ions  a r e  

r a i s e d  than  a r e  reso lved .  The purpose was t o  d e s c r i b e  some important 

elements of weather which bear  i n  va r ious  ways on man's ques t  f o r  e i t h e r  

improved adap ta t ions  t o  n a t u r e  o r  modi f ica t ions  of na tu re  according t o  h i s  

d e s i r e s .  

The s tudy  repor ted  is  incomplete i n t e n t i o n a l l y ,  f o r  i t  is  based on 

l i m i t e d  per iods  of r e a d i l y  a v a i l a b l e  d a t a  i n  summary form, minimum e f f o r t  

could be devoted s p e c i f i c a l l y  t o  t h i s  t a s k ,  and t h e  r e p o r t  was i ssued  e a r l y  

i n  order  t o  a s c e r t a i n  p r i o r i t i e s  f o r  f u r t h e r  i n v e s t i g a t i o n  be fo re  pro- 

ceeding f a r  a long any l i n e .  Doubts can be r a i s e d  on t h e  s t a t i s t i c a l  

s i g n i f i c a n c e  of r e s u l t s  p e r t a i n i n g  t o  minor-duration r a i n f a l l s  i n  t h e  

l i m i t e d  samples employed h e r e ,  when i n  r e a l i t y  one very  abnormal year  can 

b i a s  s t a t i s t i c s  of many yea r s .  This and o the r  a s p e c t s  might m e r i t  more 

attention t o  s e r v e  a s  b a s i s  f o r  i n t e l l i g e n t l y  planning water  systems and 

uses  o r  dec id ing  courses  of o the r  r e sea rch  in t h e  hydro logic  c y c l e  over 

land.  

It appears  t h a t  r a i n f a l l s  of summer and of w in te r  can be r a t h e r  c l e a r l y  

t y p i f i e d  wi th  due al lowance f o r  t h e  geography, and hence they a r e  s u b j e c t  

t o  meaningful d e s c r i p t i o n s  o r  models from s i m p l i f i e d  approaches i n  d a t a  

a n a l y s i s .  L i t t l e  i s  s a i d  i n  t h i s  r e p o r t  about  t h e  v a r i a t i o n s  occurr ing  i n  

sp r ing  and autumn, al though those a r e  recognized t o  bear  a s  w e l l  on a g r i -  

c u l t u r e  and water  supply.  It is  be l ieved  t h a t  d e s c r i p t i o n s  of t r a n s i t i o n a l  

season r a i n s  w i l l  m e r i t  some kind of c l a s s i f i c a t i o n  i n t o  those  of w in te r  

and summer c i r c u l a t i o n  types ,  and perhaps a l s o  i n t o  some which may be  

p e c u l i a r  t o  s p r i n g  o r  autumn. * 



The wind d a t a  employed d id  not permit t he  kind of a n a l y s i s  needed t o  

a s s e s s  t h e  r o l e  i n  evapora t ion ,  which i s  a complex of weather e lements .  

Nor were those  wind d a t a  of form adequate  t o  d e s c r i b e  the  f u l l  n a t u r e  of 

t h e  d i u r n a l  wind p a t t e r n s  under d i f f e r e n t  f low regimes. The l a t t e r  deserves  

more d e t a i l e d  d e s c r i p t i o n  i n  con tex t s  o the r  than  water  r e sou rces  r e s e a r c h ,  

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

t h e  l i k e l y  impacts of cool ing  l akes  and towers on the  n a t u r a l  environment,  

and even t h e  water  c i r c u l a t i o n  i n  e s t u a r i e s  and sounds. 

The major recommendation made by t h i s  pre l iminary  s tudy  i s  t h a t  of 

seeking  recommendations from p o t e n t i a l  u s e r s  of t he  informat ion  on a s p e c t s  

i n  need of c l a r i f i c a t i o n  o r  e l a b o r a t f o n  f o r  t h e i r  p a r t i c u l a r  u ses .  More 

meaningful r e s u l t s  then  can  be obtained from t h e  l a r g e r  amounts of d a t a  

a l r eady  on r eco rd .  

DATA SOURCES 

I n  1963 t h e  U. S. Department of Commerce publ ished a s e r i e s  under 

Climatography of t h e  United S t a t e s  No. 82  which was e n t i t l e d  Decennial  

Census of United S t a t e s  Climate--Summary of Hourly Observat ions,  1951- 

1960 ,  f o r  v a r i o u s  a i r p o r t  weather s t a t i o n s .  Included i n  t h e  s e r i e s  were - 
s t a t i o n s  i n  North Caro l ina  (No. 82-31), South Carol ina (No. 82-38), and 

V i r g i n i a  (No. 82-44). The d a t a  were presented i n  f f v e  t a b l e s  f o r  each  

month of t h e  year  : Table A,  Temperature and Wind Speed - R e l a t i v e  Humidity 

Occurrences,  by i n t e r v a l s  of temperature,  humidi ty,  and wind speed;  Table  

B ,  Percentage Frequencies  pf D i r e c t i o n  and Speed, by 16 wind d i r e c t i o n s  

and n ine  i n t e r v a l s  of speed; Table C ,  Occurrences of P r e c i p i t a t i o n  Amounts, 

by hour of day and i n t e r v a l s  of r a i n  i n t e n s i t y ;  Table D ,  Percentage 

Frequencies  of C e i l i n g - V i s i b i l i t y ,  by i n t e r v a l s  of cloud c e i l i n g  and 



h o r i z o n t a l  v i s f b f  l f  t y ;  and Table E ,  Percentage Frequencies  of Sky Cover, 

Wind, and Re la t ive  Humidity, by hour of day ,  t h r e e  i n t e r v a l s  of cloud 

cover ,  fou r  i n t e r v a l s  of wind speed,  and s i x  i n t e r v a l s  of r e l a t i v e  humidfty. 

Only Tables 3, C ,  and E were employed f o r  t h e  a n a l y s i s  which fo l lows .  

Data f o r  t he  fo l lowing  s t a t i o n s  w i l l  b e  d iscussed  h e r e :  Raleigh 

(Raleigh-Durham A i r p o r t ) ,  Greensboro (Greensboro-High Po in t  A i r p o r t ) ,  and 

C h a r l o t t e  (Douglas Municipal A i rpo r t )  i n  North Carol ina;  Richmond (Byrd 

F ie ld )  and Norfolk (Munfclpal A i rpo r t )  i n  V i rg in i a ;  and Columbia (Columbia 

Ai rpo r t )  and Char les ton  (Munfefpal A i rpo r t )  i n  South CaroPfna. For t h r e e  

of t h e  s t a t i o n s  (Norfolk, Columbia, and Charleston)  t h e  hourly r a i n f a l l  

d a t a  were f o r  only t h e  second h a l f  of t h e  decade, 1956-1960. There was no 

such p u b l i c a t i o n  f o r  Cape Ha t t e r a s .  However, f o r  t h a t  Weather Bureau 

s t a t i o n  summaries were a v a i l a b l e  f o r  each month i n  t h e  t e n  yea r s  1953-1962, 

and i n  t he  course  of t h i s  s tudy  chose were compf l e d  f o r  p r e s e n t a t i  on i n  

form s i m i l a r  t o  t h e  a i r p o r t  s t a t i o n s  above. An e a r l i e r  p u b l i c a t i o n  (Clima- 

tography of t h e  U. S, No. 30-31, Summrv of Hourly Observations) contained 

t abu la r  d a t a  f o r  Ashev i f l e  (Asheville-Hendersonvflle Airpor t )  summarized 

f o r  t h e  f ive-year  per iod March I950 t o  February 1955. 

Because of t h e  s h o r t e r  d a t a  per iods  i n  the  r a i n f a l l  summaries f o r  

AsheviPle,  Norfolk,  Columbia, and Char les ton ,  t h e i r  r e s u l t s  a r e  not  wholly 

compatible w i t h  t h e  o the r  s t a t i o n s .  To some e x t e n t  t h i s  r e s e r v a t i o n  

a p p l i e s  a l s o  t o  t h e  Har t e ra s  d a t a ,  which covered a  d i f f e r e n t  10-year per iod  

and a l s o  lacked hour ly  r a i n f a l l  t a b u l a t i o n s  f o r  a  few i n d i v i d u a l  months. 

The decennia l  census summaries c i t e d  above were compiled p r i m a r i l y  a s  

a  c l imatology of a i r p o r t  weather cond i t i ons  a f f e c t i n g  a e r o n a u t i c a l  opera- 

t i o n s ,  A s  such they have l i m i t a t i o n s  i n  o the r  o b j e c t i v e s  t o  which one 



might want t o  apply them, f o r  example, i n  hydro logic  i n v e s t i g a t i o n s  o r  

i n t e r p r e t a t i o n s .  A de f i c i ency  i n  d i aeuss ing  d i u r n a l  v a r i a t i o n s  of 

s u r f a c e  winds a r i s e s  from the  l a c k  of t a b u l a t i o n s  of wind d i r e c t i o n s  a s  

f u n c t i o n  of hour of day. Never the less ,  t h e  informat ion  a t  hand i s  u s e f u l  

f o r  d e t e c t i n g  c e r t a i n  i n t e r e s t i n g  v a r i a t i o n s  i n  weather and c l ima te ,  which 

i n s i g h t  i s  capable  of a r t f c u l a t i o n  by r ecour se  t o  t h e  d e t a i l e d  weather 

r eco rds .  The purpose h e r e  i s  a n  overview of  t h e  d a t a  t o  b r i n g  o u t  some 

immediate f a c t s  of p u b l i c  i n t e r e s t .  

SOME SUMMARY STATISTICS ON DAILY AND HOURLY PRECIPITATION 

Table 1 presen t s  a  summary of t h e  observa t ions  of p r e c i p i t a t i o n  f o r  t h e  

decade 1951-1960 i n  t h e  fou r  months January,  A p r i l ,  J u l y ,  and October,  which 

more o r  l e s s  t y p i f y  t h e  four  seasons.  Except i n  p a r t  (c), t h e  informat ion  

p e r t a i n s  t o  measurable p r e c i p i t a t i o n ,  t h a t  i s ,  occvrrences of 0.01 inch  o r  

more du r ing  a  s p e c i f i e d  time i n t e r v a l ,  when rounded t o  t h e  n e a r e s t  hundredth 

of a n  inch .  Less than  0.005 inch  i s  def ined  a s  a t r a c e  of p r e c i p i t a t i o n .  

I n  t h e  d i s c u s s i o n  which fo l lows  t h e  word p r e c i p i t a t i o n  imp l i e s  t h i s  measur- 

a b l e  amount un le s s  o therwise  s p e c i f i e d .  P a r t s  of t h e  cold season  p r e c i p i -  

t a t i o n  a r e  i n  form of snow o r  i c e ,  b u t  t hose  had been converted t o  l i q u i d  

equ iva l en t s  i n  t h e  o r i g i n a l  d a t a ,  and w i t h  t h i s  understood we may then  r e f e r  

l o o s e l y  t o  a l l  p r e c i p i t a t i o n  a s  r a i n f a l l ,  r e a l  and equ iva l en t ,  i n  r e s p e c t  t o  

water  subs tance  depos i t ed  on t h e  su r f ace .  

Table l ( a )  i n d i c a t e s  t h a t ,  on t h e  whole, r a i n f a l l  days a r e  about  one 

i n  t h r e e  f o r  t h i s  geographic r eg ion .  Upon t h i s  average t h e r e  a r e  s i g n i f i -  

c a n t  v a r i a t i o n s  of phase depending on t h e  l a t i t u d e ,  t h e  d i s t a n c e  from t h e  

c o a s t ,  and a l s o  t h e  topography, and t h e r e  a r e  app rec i ab le  v a r i a t i o n s  i n  

rain-day sequences,  Our choice  of only  f o u r  months of t h e  year  reduces 



S t a t i o n  

Norfolk* 

Hatteras** 

Charleston* 

Richmond 

Raleigh 

Greensboro 

Char lo t t e  

Columbia* 

Asheville*** 

S t a t i o n  

Norfolk* 

Hatterask* 

Charleston* 

Richmond 

Raleigh 

Greensboro 

C h a r l o t t e  

Columbia* 

Asheville*** 

l q  S t a t i s t i c s  on P r e c i p i t a t i o n  Frequencies and Amounts 
(1951-1960; January, Apr i l ,  J u l y ,  October) 

(a)  Percen t  of Days wi th  (b) Average No. of Hourly (c)  Percen t  of t h e  Hourly 
Measurable P r e c i p i t a t i o n ,  Reports  per  Month wi th  Reports  wi th  P r e c i p i t a t i o n  
a 0 . 0 1  i n .  2 0 . 0 1  i n .  i n  Preceding i n  t h e  Preceding Hour which 

Hour were only Trace,  ~ 0 . 0 0 5  In .  

J A J O  J A J D  J A J O  

32 31 41  33 64 43 43 64 49 451 48 5 1  

(d) Average P r e c i p i t a t i o n  
( i n . )  dur ing  Days 
Having H . 0 1  i n .  

J A J O  

-27 .32 .41 -45  

.49 -46 .58 .45 

.35 .40 .69 -47 

.26 .33 .50 .46 

.38 .42 .49 .42 

.35 .38 .37 -39 

-38  .40 .33 - 3 3  

.37 .44 .54 .46 

.36 .28 .28 .24 

(e )  Average ( i n . )  dur ing  
Hours Having 3 0 . 0 1  i n .  

( f )  Ra t io  of (b) t o  No. of 
Rainy ( > 0 . 0 1  i n . )  Days 
per  Month 

J A J O  

6.4 4.7 3.4 6 .3  

6.8 3.8 3.6 5.4 

6.5 4.4 3.4 5.9 

5.4 5.0 3.4 5.9 

5.9 5.4 3.4 6.3 

5.8 5.2 2.9 5.6 

6.6 5.0 2.9 5.4 

6.3 5 .1  3.4 5.6 

4.8 3 .6  2.9 3.6 

*Five y e a r s ,  1956-60. 
**Hatteras, 1 0  years  1953-1962, l e s s  January 1958-59, A p r i l  1957-58, and J u l y  1958. 

***Asheville, f i v e  y e a r s ,  March 1950-February 1955. 



somewhat t h e  ind ica t ed  ranges  of seasonal  v a r i a t i o n  and a l s o  p a r t i a l l y  

obscures t h e  phases of t hose  v a r i a t i o n s .  Table 1 is  n o t  intended t o  

p o r t r a y  t h e  d e t a i l s  of seasonal  and monthly va r i ances  i n  r a i n f a l l ,  bu t  

r a t h e r  i s  t o  p r e s e n t  background informat ion  f o r  i n t e r p r e t i n g  t h e  d i u r n a l  

p a t t e r n s  of r a i n f a l l  t o  be presented .  

The January r a i n  days shown range from 29 t o  35 pe rcen t ,  and perhaps 

p a r t  of t h a t  range  a r i s e s  from a combination of d i f f e r e n t  d a t a  pe r iods  

and long term v a r i a t i o n s  i n  w in te r  rain-day f r equenc ie s .  October r a i n  

days average l e s s  f r e q u e n t ,  but  t h e  geographic range i n  frequency is  about  

double t h a t  of January ,  F u r t h e r ,  t h e  autumn season i s  t h e  most u n r e l i a b l e  

i n  monthly r a i n f a l l .  

The summer r a i n s  on the  o the r  hand, being more convect ive and 

l o c a l i z e d  i n  n a t u r e ,  might have been expected t o  show g r e a t e r  range i n  

rain-day f r equenc ie s  over t h e  r e g i o n  i n  some accord wi th  t h e  physiographic 

i n f luences .  The range  i n  r a i n y  days i n  J u l y  among t h e  s t a t i o n s  is  l a r g e ,  

from 34 t o  46 pe rcen t ,  b u t  when converted t o  percentage r ange  about a mean 

t h e  geographic v a r i a t i o n  f o r  J u l y  i s  sma l l e r  than i n  t h e  t r a n s i t i o n a l  

seasons r ep re sen ted  by A p r i l  and October. It is  i n t e r e s t i n g  t h a t  g e n e r a l l y  

t h e  c o a s t a l  and mountain s t a t i o n s  have more r a i n  days i n  J u l y  than  do t h e  

piedmont l o c a t i o n s  between. Cape H a t t e r a s  mEght s tand  o u t  a s  a n  except ion ,  

bu t  i n  terms of t h e  physiographic c o n t r o l s  on convect ive  r a i n  systems t h a t  

s i t e  is marine r a t h e r  than  c o a s t a l .  Coas t a l  e f f e c t s  on summer showers 

a r e  expected t o  b e  more pronounced some d i s t a n c e s  west and northwest  of 

Hat t e r a s  . 
An i n t e r e s t i n g  f e a t u r e  of t h e  A p r i l  p a t t e r n  i n  Table l ( a )  i s  t h e  

gene ra l  northward and in l and  i n c r e a s e  i n  rain-day frequency. The f i g u r e  



shown f o r  Raleigh (31  percent )  f s  somewhat d e f i c i e n t  i n  t h i s  d i s t r i b u t i o n ,  

and informat ion  t o  be given l a t e r  shows t h a t  i n  t he  warm season Rale igh  

i s  more maritime i n  r a i n  regime than  i t s  d i s t a n c e  from t h e  c o a s t  might 

sugges t .  I n  A p r i l  t h e  d i f f e r e n c e s  i n  s u r f a c e  temperature from ocean t o  

land a r e  near t h e  annual low. Convective a e ~ i v i t y  a t t end ing  t h e  weather 

systems o r d i n a r i l y  propagat ing seaward i n  t h i s  season thus  i s  reduced upon 

reaching t h e  c o a s t a l  a r e a s .  Another f a c t o r  i s  more g loba l  i n  n a t u r e .  The 

s u b t r o p i c a l  " b e l t  of h igh  p re s su re f '  which i n h i b i t s  or  suppresses  r a i n f a l l  

i s  f a r t h e s t  south  i n  w i n t e r ,  over t h e  Wesr I n d i e s  and F l o r i d a .  Its north-  

ward march i n  t h e  sp r ing  induces "dry Apr i l "  i n  southern  South Caro l ina  and 

l a t e r  r e l a t i v e l y  r a i n - d e f i c i e n t  per iods  f n  e a s t e r n  North Carol ina.  The 

southward r e t r e a t  i n  autumn is  evident  too ,  bu t  more i r r e g u l a r  and discon-  

t inuous , 

Table 2 is given f o r  purposes of comparing rain-day frequency i n  t h f s  

r eg ion  wi th  o the r  l o c a t i o n s  i n  t h e  conterminous United S t a t e s ,  e s p e c i a l l y  

i n  r e s p e c t  t o  i n t e r p r e t a t i o n s  t h a t  one might make of r a i n  days i n  r e l a t i o n  

t o  va r ious  b i o l o g f e a l  and eeonomic a c t i v i t i e s  r e g i o n a l l y .  The da t a  i n  

Table 2 a r e  from t h e  same source  and f o r  the  same decade a s  Table l. A 

d i f f e r e n c e  i n  t h e  t a b u l a t i o n s  presented i s  t h a t  t h e  columns i n  Table 2 a r e  

averages over t h r e e  months (DJF = December, January,  February,  e t c , ) ,  and 

a r e  t h e r e f o r e  smoothed i n  comparison wi th  Table lo  

A s t r i k i n g  r e s u l t  i s  t h a t  t h e  r eg ion  of North Caro l ina  i s  q u i t e  average 

i n  percentage of r a i n  days,  and a l s o  has cons iderable  uniformfty i n  r a i n -  

day d i s t r i b u t i o n  through t h e  yea r .  Some r eg ions  have extreme seasonal  

rain-day dependencies ( f o r  example Por t l and ,  Tucson, Miami) compared t o  

t h e  Caro l ina  a r e a  of t h e  e a s t e r n  s t a t e s .  These r e s u l t s  should no t  be 



Table 2 .  Percent  of Days wi th  Measurable P r e c i p i t a t i o n  
by Three-Month Pe r iods ,  1951-1960, a t  Se lec ted  
S t a t i o n s  En t h e  United S t a t e s  

Locat ion  

Por t l and ,  Ore. 

Tucson, A r i z ,  

Houston, Texas 

Minneapolis,  Mfnn. 

Ind ianapo l i s ,  Ind . 
Nashv i l l e ,  Tenn. 

Birmingham, Ala. 

Miami, F l a .  

Raleigh,  N .  C .  

Boston, Mass. 

DJF - 
6 5 

7  

30 

24 

3  7  

3 9 

35 

2  2 

30 

39 

genera l ized  i n  any s imple t r a n s l a t i o n  t o  o b t a i n  measures of r a i n f a l l  

amounts, o r  d e p e n d a b i l i t i e s  i n  r a i n  occurrences annual ly or  w i t h i n  a  

season,  f o r  t hose  r e l a t i o n s h i p s  t o  t h e  numbers presented a r e  q u i t e  v a r i e d  

by season and l o c a t i o n .  For example, t he  e a s t e r n  Great Lakes and New 

England r eg ion  i s  known t o  be most r e l i a b l e  i n  annual  r a i n f a l l  amounts, 

and a l s o  has  l e s s  i n t e r s e a s o n a l  va r i ance  i n  r a i n f a l l  than  i n  r eg ions  t o  t h e  

south .  

Table l ( b )  g ives  t h e  number of hourly per iods  per  month du r ing  which 

measurable p r e c i p i t a t i o n  occurred.  A p r i l  is  720 hours i n  d u r a t i o n ,  and 

t h e  o the r  months l i s t e d  a r e  744 hours  each. The t abu la t ed  f i g u r e s  range  

from 23 t o  7 1  hour ly  i n t e r v a l s  per  month wi th  measurable r a i n ,  o r  3.0 

t o  9.5 percent  of t h e  c lock  hours  accumulating measurable r a i n f a l l .  I n  



t h i s  r e spec t  one is  dea l ing  wi th  very sma l l  numbers. P r e c i p i t a t i o n  of 

hydrologic  s i g n i f i c a n c e  i s  a r a r e  occurrence everywhere i n  t h e  r eg ion .  Of 

course ,  i t  is  t h i s  weather evenc s o  minor of d u r a t i o n  which g ives  l i f e  t o  

land .  

The number of hourly i n t e r v a l s  w i th  measurable p r e c i p i t a t i o n  is  high 

i n  January,  when i t  averages about two per  day, and t h i s  drops by almost  

h a l f  t o  Ju ly .  The r a i n f a l l  hours a t  t h e  c o a s t  exceed those of t he  piedmont 

a r e a  by roughly 25 percent  i n  summer, There i s  tendency of t h a t  sense  a l s o  

i n  October,  b u t  i t  r e v e r s e s  i n  Apr i l .  

Table I ( £ )  provides a comparison of t h e  d a t a  i n  Tables l ( a )  and l ( b ) ,  

namely, t h e  r a t i o  of t h e  number of hour ly  i n t e r v a l s  wi th  r a i n  t o  t h e  number 

of r a i n  days per  month, i n  a l l  c a ses  excluding those hours and those days 

of on ly  t r a c e  amounts depos i ted .  In s t ances  of l i g h t  r a i n s  cont inuing f o r  

s e v e r a l  hours a t  t r a c e  i n t e n s i t i e s  per hour can accumulate more than  0.01 

inch  i n  a day and c o n t r i b u t e  t o  reduce t h e  r a t i o s  i n  Table I ( £ ) .  I f  

allowance is made f o r  them, t h e  r a t i o s  a r e  increased  by l a r g e r  amounts i n  

January than  i n  J u l y .  On t h e  o ther  hand t h e  hourly per iods  wi th  measurable 

r a i n  tend t o  b e  l a r g e r  than  t h e  a c t u a l  du ra t ions  of r a i n s ,  e s p e c i a l l y  i n  

t h e  case  of showers. Allowance f o r  t h i s  i n  seeking measures of r a i n  dura- 

t i o n s  m e r i t s  r educ t ion  of t h e  warm season  f i g u r e s  i n  Table l ( f )  r e l a t i v e  

t o  t h e  o t h e r s .  

Rains i n  J u l y  of r a t e s  0.01 inch  or  more between hour ly  observa t ions  

average about t h r e e  hour ly  r e p o r t s  per  r a i n y  day i n  t h e  upper piedmont and 

about  a h a l f  hour longer  i n  t h e  e a s t e r n  a r e a s ,  The f u l l  s i g n f f i c a n c e  i n  

t h i s  geographic d i f f e r e n c e  i n  d u r a t i o n  of summer r a i n s  remains t o  be 

determined. General ly  t h e  win te r  r a t i o s  a r e  about twice  a s  l a r g e ,  t h a t  i s ,  



r a i n s  a r e  twice a s  long. The va lues  f o r  A p r i l  and October a r e  l i t t l e  lower 

than  those  of January,  except  t h a t  A p r i l  has  lower va lues  a t  c o a s t a l  loca-  

t i o n s  than  in l and .  Because of Ashev i l l e ' s  l o c a t i o n  i n  i r r e g u l a r  t e r r a i n  

and i t s  d a t a  be ing  from a  d i f f e r e n t  pe r iod ,  t h e r e  i s  hes i t ancy  i n  drawing 

p o s i t i v e  i n t e r p r e t a t i o n s  from i t s  r e s u l t s .  The o v e r a l l  c l o s e r  agreement of 

A p r i l  and October i n  t h i s  r a t i o  w i th  January than  J u l y  i s  p a r t l y  due t o  

slower moving r a i n  systems i n  t h e  t r a n s f t i o n a l  seasons than  i n  midwinter ,  

a l though the  systems a r e  l a r g e r  i n  a r e a  and of more uniform i n t e n s i t i e s  

i n  t h e  win te r .  

A measure of t h e  number of hour ly  observa t ions  w i t h  only t r a c e  amount 

depos i ted  i n  t h e  preceding hour i s  a f fo rded  by Table l ( c ) ,  which g i v e s  t h e  

percentage of hour ly  t r a c e  occurrences among the  t o t a l  hour ly  pe r iods  i n  

which any p r e c i p i t a t i o n  was observed. From t h e  information i n  Tables  l ( b )  

and l ( e ) ,  one may o b t a i n  t h e  average number of hour ly  i n t e r v a l s  per  month 

wi th  observed p r e c i p i t a t i o n  whether o r  n o t  measurable,  by t h e  fo l lowing  

procedure: Sub t r ac t  from 100 percent  t he  va lue  given i n  ( c ) ,  d i v i d e  t h a t  

decimal d i f f e r e n c e  i n t o  t h e  va lue  i n  ( b ) ,  and the  quo t i en t  is  t h e  number of 

monthly hour pe r iods  dur ing  which p r e c i p i t a t i o n  was observed. For example, 

a t  Greensboro i n  January t h a t  number is  59/0.48 = 123 hourly observa t ions  

per  month whfch showed p r e c i p i t a t i o n  of any form o r  d u r a t i o n  i n  t h e  pre- 

ceding hour. 

The da t a  i n  Table l ( c )  r e p r e s e n t  a  weather element which is  s e n s i t i v e  

t o  cont inuous monitor ing of weather cond i t i ons  and t o  t h e  p e c u l i a r i t i e s  of 

t h e  s i t e s  both n a t u r a l  and man-modified. The uni formi ty  i n  t h e  r e s u l t s  i s  

t h e r e f o r e  remarkable.  On t h e  average about h a l f  of t he  i n s t a n c e s  of pre- 

c i p i t a t i o n  observed i n  t h e  preceding hour a r e  below t h e  th re sho ld  of 



measurement by rafngages.  Some of those occurrences a r e  very  l i g h t  r a f n s  

l a s t i n g  s e v e r a l  hours  and aecurt~ulat ing more than  0 .01  inch  i n  a day. Other 

a r e  t h e  pass ing  " f a l s e  s t a r t s "  which accumulate no more. 

It i s  of i n t e r e s t  t o  n o t e  t h e  depa r tu re  between t h e  percent  of hourly 

t r a c e  r a i n s  a s  given by Table Ice)  and t h e  percent  of r a i n  days which 

recorded only t r a c e .  The P a t t e r ,  ob ta ined  by computing t h e  r a t i o  of t h e  

number of days wi th  t r a c e  p r e c i p i t a t i o n  t o  t h e  t o t a l  number of days wi th  

p r e c i p i e a t i o n ,  i s  gene ra l ly  0.6k0.1 a s  l a r g e  a s  t h e  corresponding r a t f o  

f o r  hour ly  pe r iods .  S t a t ed  i n v e r s e l y ,  an  onse t  of p r e c i p i t a t i o n  i s  almost 

twice a s  l i k e l y  t o  y i e l d  only a t r a c e  i n  a one-hour per iod a s  i t  i s  t o  end 

up only a t r a c e  f o r  t h e  day,  Median va lues  i n  t h i s  f a c t o r  tend s l i g h t l y  

l a r g e r  i n  t h e  warm season than  i n  t h e  cold season,  about  9/5  i n  J u l y  

compared t o  815 i n  January,  f o r  most of t h e  r eg ion ;  t h e  southern  s t a t i o n s  

sugges t  a s easona l  t rend s l i g h t l y  i n  t h e  reversed  sense.  Meteorological  

i n t e r p r e t a t i o n s  w i l l  n o t  be advanced he re .  These r e l a t i o n s h i p s  a r e  s i g n i -  

f i c a n t  i n  r e l a t i n g  p r e c i p i t a t i o n  events  t o  ra ingage  r eco rds ,  i n  assessments 

of s u r f a c e  evapora t ion  from r a i n f a l l  aceumufations,  and even i n  t h e  impact 

of we t t i ng  on p l a n t  processes ,  Other s i g n i f i c a n c e s  of t r a c e  p r e c i p i t a t i o n  

a t  t h e  ground, e s p e c i a l l y  i n  t h e  warm p a r t  of t h e  day, l i e  i n  t h e  a t t e n d a n t  

c loudiness  and a l s o  i n  t h e  h igh  p ropor t ion  of t h e  r a i n  which evaporated 

be fo re  reaching t h e  ground f o r  measurement and so modified both tempera- 

t u r e s  and humidi t ies  of t h e  lffe-environment lower atmosphere. 

Table l ( d )  p re sen t s  t h e  average depth of p r e c i p i t a t i o n  c o l l e c t e d  i n  a 

day dur ing  which measurable p r e c i p i t a t i o n  occurred ,  obtained from d iv id fng  

t h e  t o t a l  monthly amount by the  number of days having measurable amounts. 

When t h i s  i s  compared wi th  Table l ( f )  , d i spe r s ions  i n  event-duration-depth 



r e l a t i o n s  a r e  found, some of which were a n t i c i p a t e d  and o t h e r s  n o t .  The 

gene ra l ly  smal le r  d a i l y  r a i n s  i n  w in te r  r e s u l t  from t h e  low p r e c i p i t a t i o n  

r a t e s  o f f s e t t i n g  t h e  long d u r a t i o n s .  The win te r  f t e l d s  of temperature 

and humidity would suggest  decreases  i n  r a i n  per  r a i n y  day from t h e  c o a s t  

i n l and  and a l s o  from sou th  t o  n o r t h .  Char les ton  and Columbia appear 

d e f i c i e n t  i n  t h i s  presumed p a t t e r n ;  y e t  bo th  s t a t i o n s  had higher  January 

r a i n f a l l  over those  f i v e  yea r s  1956-1960 than  i n  t he  preceding f i v e  y e a r s  

which were omit ted from t h e  t a b u l a t i o n .  Evident ly a n  " a c t i v i t y  f i e l d "  

e x i s t s  i n  a d d i t i o n  t o  t h e  f i e l d s  of temperature and humidity.  

I n  gene ra l  t h e  d a i l y  r a i n f a l l  r a t e s  a r e  h igher  i n  t h e  warm season .  

But t h e  North Carol ina piedmont a r e a  i s  anomalous i n  t h i s  r e s p e c t .  

Greensboro h a s  s u r p r i s i n g l y  uniform f i g u r e s  f o r  t h e  fou r  months, and 

C h a r l o t t e  appears  t o  decrease  i n  r a i n  per  r a i n y  day from A p r i l  t o  J u l y .  

Apparently summer showers a r e  somewhat s t u n t e d ,  and A p r i l  showers inv ig-  

o ra t ed ,  i n  t h i s  upper piedmont a r e a .  

Table l ( e )  f o r  t h e  most p a r t  i s  a s  expected i n  t h e  average i n t e n s i -  

t i e s  per  hour ly  per iod  dur ing  which measurable r a i n f a l l  was observed. 

Again t h e  North Caro l ina  piedmont a r e a  appears  somewhat d e f i c i e n t  i n  the  

warm season.  Overa l l  t h e  f i g u r e s  a r e  two t o  t h r e e  rimes a s  l a r g e  i n  J u l y  

a s  i n  January.  I f  due allowance i s  made f o r  t h e  s h o r t e r  d u r a t i o n s  of J u l y  

r a i n s ,  many of which a r e  l e s s  t han  one hour i n  l eng th  b u t  a r e  counted i n  

two hour ly  i n t e r v a l s ,  t h e  r a t i o  of J u l y  t o  January r a i n f a l l  r a t e s  i s  

r a i s e d  cor respondingly ,  

I n  t he  per iod  1956-1960, t o  which t h e  Char les ton ,  Columbia, and Norfolk 

da t a  app ly ,  t h e  J u l y  r a i n f a l l  a t  Charleston averaged about  25 percent  above 

normal and t h a t  a t  Columbia about  18 percent  above normal. The oddly h igh  



J u l y  va lues  i n  Tables l ( d )  and I ce>  p a r t i c u l a r l y  f o r  Charleston a r e  l i k e l y  

b iased  by such anomalous r a i n f a l l s .  

The informat ion  presented i n  Table 9 i s  of pre l iminary  n a t u r e  and i s  

intended t o  s e r v e  only i n  preview. The r a t h e r  s h o r t  per iods  involved,  and 

expec ia l ly  t h e i r  nonunfformity, l eave  some doubts  a s  t o  s t a t i s t i c a l  s i g n i -  

f i cance .  Also,  s i n c e  only t h e  averages a r e  presented i n  t h e  da t a  of each 

s t a t i o n ,  t h e  important  c h a r a c t e r i s t i c  of va r i ance  i n  p r e c i p i t a t i o n  a t  

i n d i v i d u a l  s i t e s  is  l e f t  obscured. Those d e t a i l s  remain t o  l a t e r  f n v e s t f -  

ga t ions .  Hopefully a va lue  t o  be  gained from Table P is i t s  sugges t ion  of 

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

DIURNAL VARIATIONS I N  PRECIPITATION OCCURRENCE 

The above-referenced Decennial Census pub l i ca t ions  gave f o r  each month 

t h e  t a b u l a t i o n s  of occurrences of p r e c i p i t a t i o n  f n  ehe preceding hour f o r  

t h e  24 c lock  hours  of t h e  day,  f o r  t h e  fo l lowing  f n t e r v a l s  i n  inches :  Trace,  

0.01, 0.02 t o  0.09, 0.10 t o  0.24, 0.25 t o  0.49, 0.50 t o  0 -99 ,  1.00 t o  1.99, 

2.00 and over ,  and To ta l .  Summarized i n  Table 3 a r e  t h e  occurrences of 0,Ol 

inch  o r  more, t h a t  i s ,  t h e  T o t a l  occurrences l e s s  t h e  Trace occurrences.  

Those were converted t o  percentages of Occurrence through d i v i s i o n  by t h e  

number of observa t ions  f o r  each c lock  hour a v i a t i o n  weather r e p o r t ,  The 

r e s u l t s  then  g ive  a climatological p r o b a b i l i t y  s f  measurable r a i n  occurr ing  

dur ing  t h e  hour preceding the  r e f e rence  time. 

It should be  noted h e r e  t h a t  dur ing  t h e  decade of d a t a  employed, 1951- 

1960, t he  record time of hour ly  observa t ions  was changed fram every hour on 

t h e  clock half-hour t o  every hour on the  c lock  hour .  That change e f f e c t i v e l y  

smoothed t h e  i n t e r h o u r l y  va r i ances  i n  t h e  da t a  s u m a r i e s .  During months of 

s i g n i f i c a n t  d i u r n a l  v a r i a t i o n  of p r e c i p i t a t i o n  brought  about by t h e  d i u r n a l  



Changes i n  Times of Sunr i se  and Sunset  (minutes) 
over t h e  Course of t h e  Calendar Month, a t  35N L a t i t u d e  

J a n  A P ~  J u l y  Oct 

Sunr i se  -8 -37 4-19 +25 

Sunset 4-28 4-2 3 -14 -36 

Sunl ight  Period 4-3 6  4-60 -33 -61 

c y c l e  of t h e  sun ,  t h e r e  i s  a l s o  smoothing introduced by changes i n  t h e  

s o l a r  per iod  r e l a t i v e  t o  t he  c lock  over t h e  course  of t h e  month. Those 

sun-clock s h i f t s  a r e  i nd ica t ed  above f o r  l a t i t u d e  35N. A l l  f i g u r e s  

i n c r e a s e  i n  magnitude northward. Time measured from s u n r i s e ,  t h e  begin- 

ning of t h e  d a i l y  s o l a r  hea t ing ,  ga ins  more than  h a l f  a n  hour r e l a t i v e  t o  

t h e  c lock  i n  A p r i l  bu t  j u s t  a  few minutes i n  January.  On t h e  o the r  hand, 

sunse t  de l ays  by almost a  h a l f  hour i n  t h e  course  of January and l e s s  i n  

Apr i l .  There a r e  o t h e r  s h i f t s  i n  sun r e l a t i v e  t o  c lock  dur ing  o t h e r  

months which a r e  combined e f f e c t s  of t he  Equation of Time and of s easona l  

course  i n  t h e  s u n k  d e c l i n a t i o n .  

Table 3  p r e s e n t s  t h e  hour ly  percentages of measurable r a i n f a l l  occur- 

rence ,  i n  t h e s e  fou r  months of t h e  year  a t  e i g h t  of t he  s t a t i o n s .  The d a t a  

f o r  Ashev i l l e  a r e  presented s e p a r a t e l y  a s  Table 3a. The l a s t  column of 

f i g u r e s  is  t h e  average f o r  a l l  of t h e  24 hours ,  and i t  corresponds d i r e c t l y  

t o  t h e  informat ion  i n  Table l ( b ) .  Those va lues  a r e  most c o n s i s t e n t  among 

s t a t i o n s  i n  w in te r  and summer, when t h e  percentage  occurrences average  

h ighes t  and lowes t ,  r e s p e c t i v e l y .  I n  viewing t h e  i n t e r h o u r l y  v a r i a t i o n s  

a t  i n d i v i d u a l  s t a t i o n s  i n  Table 3 ,  and i n  comparing t h o s e  among t h e  s t a t i o n s ,  

t h e  reader  should r e c a l l  t h a t  s h o r t  per iods  of d a t a  involv ing  such a  

r e l a t i v e l y  r a r e  occurrence a s  measurable hour ly  r a i n f a l l  can produce some 



Table 3.  Percentage Frequency of Occurrence of 80 .01  i n .  Rain 
dur ing  t h e  Hour Ending a t  (E.S.T.) : 

JANUARY 

Nor? Olk* 

Hatteras** 

Charleston* 

Richmond 

Raleigh 

Greensboro 

Charlotte 

Columbia* 

APRIL 

Norfolk* 

Hatteras** 

Charleston* 

Richmond 

Raleigh 

Greensboro 

Charlotte 

Columbia* 

JULY 

Norfolk* 

Hatteras** 

Charleston* 

Richmond 

Raleigh 

Greensboro 

Charlotte 

Columbia* 

OCTOBER 

Norfolk* 

Hatteras** 

Charleston* 

Richmond 

Raleigh 

Greensboro 

Charlotte 

Columbia* 

*Five years, 1956-60. 
**Hatteras, 10 years (1953-62), less January 1958-59, April 1957-58, and July 1958. Other stations 10 years 1951-60. 

Tkble 3a; Table 3-Data  f o r  Ashev i l l e  (March 1950-February 1955) 

JANUARY 

APRIL 

JULY 

OCTOBER 

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Av. 

7 6 8 1 0 6 6 7 9 7 6 7 5 7 5 3 3 6 5 5 7 7 8 1 2 1 0  7 

4 6 7 6 6 3 5 4 5 3 3 3 3 6 6 6 6 5 6 8 7 9 6 5  5 

5 4 4 1 3 3 2 4 4 5 4 5 4 1 0 1 0 1 2 1 1 6 7 7 3 4 3 4  5 

4 3 5 3 3 2 3 3 5 3 3 3 1 3 5 4 3 3 2 2 3 4 4 4  3 



misleading i r r e g u l a r i t i e s  i n  t h e  hour-to-hour t r e n d s ,  and t h e  round-off 

e r r o r s  i n  computation a r e  then  exaggerated.  It i s  suggested t h a t  t h e  f i g u r e s  

given i n  t h e  t a b l e  b e  subjec ted  t o  smoothing accord ingly ,  The need i s  made 

ev ident  on comparing t h e  d f u r n a l  s e r i e s  of t he  ten-year s t a t i o n s  wi th  those  

of t h e  f ive-year  s t a t i o n s .  I n  obta in ing  Tables 3 and 3a, t h e  occurrences 

were smoothed over t h r e e  consecut ive hour ly  i n t e r v a l s  w i th  double weight  

g iven  t o  t h e  c e n t r a l  one, bu t  i n  some i n s t a n c e s  even t h a t  f s  i n s u f f i c i e n t .  

The d i u r n a l  v a r i a t i o n s  i n  p r e c i p i t a t i o n  occurrence r e v e a l  a coo l  

season (January) p a t t e r n  and a markedly d i f f e r e n t  warm season ( Ju ly )  

p a t t e r n .  The t r a n s i t i o n a l  seasons (Apr i l  and October) a r e  composites of 

some coo l  season  r a i n  systems, of some warm season systems,  and a l s o  of 

r a i n  systems which a r e  r a t h e r  unique t o  t h e  s p r i n g  and autumn, notab ly  

t h e  in s t ances  of organized advancing l i n e s  ( s q u a l l  l i n e s )  of thunder- 

showers i n  s p r i n g  and,  i n  c o n t r a s t ,  t he  slower moving bands of s t e a d y  r a i n  

i n  autumn which a r e  o f t e n  l o c a l  of presence.  

The January d i u r n a l  p a t t e r n  i s  cha rac t e r i zed  mainly by a noc tu rna l  

maximum i n  r a i n f a l l  occurrence and a mid-afternoon minimum. That i s  q u i t e  

t h e  inve r se  t o  t h e  d i u r n a l  t rend  of s u r f a c e  temperatures ,  and so d i scoun t s  

cause by convect ion from s u r f a c e  hea t ing .  Yet t h e r e  a r e  apparent  geo- 

graphic  d i f f e r e n c e s  i n  t h i s  simple c y c l e .  The c o a s t a l  s t a t i o n s  have h igh  

inc idence  extending w e l l  i n t o  t he  forenoon and a l s o  have a secondary peak 

period near  dusk. That dusk peak vanishes  from t h e  c o a s t  i n l and  t o  t h e  

lower piedmont, where i t  is  then  t h a t  t h e  minimum l ike l ihood  of r ~ i n  occurs  

(Richmond, Raleigh,  Columbia). The upper piedmont reg ion  ( a s  i n d i c a t e d  by 

Greensboro, C h a r l o t t e ,  and Ashevi l le )  has  a l a t e  a f te rnoon and e a r l y  

evening p a t t e r n  somewhat i n  phase wi th  t h a t  a t  t h e  c o a s t a l  s t a t i o n s .  

Although t h e  d i u r n a l  ranges i n  January a r e  sma l l  and t h e r e f o r e  t h e  geographic 



d i f f e r e n c e s  a r e  sma l l  a l s o ,  i t  i s  i n t e r e s t i n g  t h a t  t h e  lower piedmont 

anomaly e x i s t s  a t  a l l .  

I n  J u l y  when d i u r n a l  v a r i a t i o n s  i n  r a i n f a l l  a r e  of l a r g e s t  ampli tude 

t h e r e  a r e  a l s o  apprec i ab le  geographic p a t t e r n s  superimposed. A t  most 

s t a t i o n s  t h e r e  i s  a l a t e  a f te rnoon t o  e a r l y  evening peak occurrenee of 

r a i n ,  mostly of t h e  shower type i n  t h i s  season,  and a minimum i n  t h e  

forenoon. The phases vary  somewhat over t h e  regfon .  Charleston,  having a 

l a r g e  d i u r n a l  range ,  peaks e a r l y ,  i n  mid-afternoon, and appears  t o  have 

secondary peaks i n  a d d i t i o n ,  one of e a r l y  evening and another  a f t e r  s u n r i s e .  

The peaks a t  Columbia, Rale igh ,  and Greensboro occur somewhat l a t e r  than  

a t  o the r  piedmont s t a t i o n s ,  and t h e  Ashev i l l e  da t a  i n d i c a t e  a mid-afternoon 

peak f o r  t he  e a s t e r n  mountains s i m i l a r  t o  Charleston.  Near s u n r i s e  t h e r e  

a r e  app rec i ab le  d i s p a r i t i e s  over t h e  piedmont. Raleigh has a prominent 

secondary peak near  0600 EST, when C h a r l o t t e ,  Columbia, and Ashev i l l e  a r e  

minimizing f o r  t h e  day,  and Ra le igh ' s  forenoon minimum i s  consequent ly 

delayed compared t o  those  o ther  s t a t i o n s .  Richmond and Greensboro have 

somewhat i n t e rmed ia t e  t r e n d s  i n  those  morning hours .  

The s m a l l e s t  d i u r n a l  v a r i a t i o n  i s ,  a s  expected,  a t  t h e  most marine of 

t h e  s t a t i o n s ,  Cape H a t t e r a s .  It h a s  a n  apprec i ab le  range  n e v e r t h e l e s s ,  

w i t h  two peaks,  one be fo re  and near s u n r i s e  and another  near  s u n s e t ,  i n  

phase wi th  Ra le igh ' s  d i u r n a l  p a t t e r n .  The forenoon hours  and l a t e  evening 

a r e  t h e  l e a s t  r a i n y .  Evident ly  summer showers a r e  not  completely c o n t r o l l e d  

by t h e  d i u r n a l  c y c l e  of s u r f a c e  temperatures ,  nor by humidi t ies  of t h e  

lower l e v e l s .  There a r e  o the r  mechanisms a t  work i n  geographic s c a l e s  of 

t h e  order  of a hundred m i l e s  or  more. 

Before going i n t o  more d e t a i l e d  d e s c r i p t i o n  of t h e  summer p a t t e r n ,  we 

remark on a few p o i n t s  concerning the  A p r i l  and October p r o f i l e s ,  i n  some 



d i f f i c u l t y  of i n t e r p r e t i n g  or  expla in ing  a l l  of t h e i r  f e a t u r e s .  There is 

subnormal r a i n  occurrence a t  Char les ton  i n  A p r i l ,  when t h e  d i u r n a l  phases 

a l s o  d i f f e r  from o the r  seasons.  I n  October t h e  d i u r n a l  t rend a t  H a t t e r a s  

d i f f e r s  from t h e  o the r  c o a s t a l  s ta t l ions ,  Columbia's p a t t e r n  d i f f e r s  from 

~ h a r l e s t o n ' s ,  and C h a r l o t t e  and Ashev i l l e  have d i f f e r e n t  phases of d i u r n a l  

v a r i a t i o n .  Those d i s p a r i t i e s  ha rd ly  r e s u l t  e n t i r e l y  from d i f f e r e n c e s  i n  

d a t a  pe r iods  o r  from t h e  s h o r t  pe r iods  employed. There must b e  some 

elements of r e a l i t y  i n  them, 

The J u l y  p r o f i l e s  i n  Table 3 a r e  presented  w i t h  b e t t e r  geographic 

r e s o l u t i o n  i n  F igure  1, which con ta ins  t ime-dis tance s e c t i o n s  extending 

Asheville-Charlotte-Raleigh-Hatteras and Charleston-Columbia-Charlotte- 

G r  eensboro-Richmond-Nor£ o l k ,  and g ives  f r equenc ie s  of hourly measurable- 

r a i n  occurrences a s  func t ion  of t ime of day. The u n i t s  of frequency a r e  

t h e  number of days per  month i n  which measurable r a i n  occurred dur ing  t h e  

hour centered  a t  t h e  t ime ind ica t ed .  These numbers were obtained from each 

s t a t i o n ' s  hour ly  a r r a y  of f r equenc ie s ,  a l r e a d y  smoothed three-hourly by 

t h e  method previous ly  desc r ibed ,  by merely f u r t h e r  averaging  those  f r e- 

quencies  over two-hour per iods .  Consequently t hese  a r e  weighted four-hour 

averages .  The purpose i n  smoothing i s  t o  reduce the  v a r i a n c e  i n  a s e r i e s  

which a r i s e s  from l i m i t e d  samplfng. The process  reduces  a l s o  t h e  r e a l  

n o n l i n e a r i t i e s  of peaks and d i p s  i n  a p r o f i l e  i n  a n  i n v e r s e  p ropor t ion  t o  

t h e  period they  span.  Fu r the r ,  a n  event  r epo r t ed  a t  a g iven  time i n f l u e n c e s  

t h e  r e s u l t s  f o r  1 . 5  hours  be fo re  and a l s o  a f t e r  t h a t  t ime by t h e  p a r t i c u l a r  

averaging.  

The outcome i s  r a t h e r  dramat ic .  The dominant f e a t u r e  i n  J u l y  is  t h e  

peak frequency of r a i n f a l l  i n  a f t e rnoon  o r  e a r l y  evening. Among t h e s e  



s t a t i o n s  it appears  e a r l i e s t  a t  Ashev i l l e  and Char les ton ,  two t o  t h r e e  

hours l a t e r  a t  C h a r l o t t e ,  and y e t  another  hour Eater  a t  Raleigh and 

H a t t e r a s .  Oddly i t  i s  about  t h r e e  hours Eater  a t  Norfolk and H a t t e r a s  

than  a t  Char les ton ,  a l l  s t a t i o n s  on o r  near t h e  c o a s t .  Richmond and 

Greensboro peak a t  t h e  time of C h a r l o t t e ,  o r  j u s t  s l i g h t l y  e a r l i e r .  

Columbia's phase i s  somewhat d i f f e r e n t  from t h e  s r a t f o n s  surroundfng i t ,  

which i s  ha rd ly  a l l  a t t r i b u t a b l e  t o  t h e  s h o r t  d a t a  per iod of f i v e  yea r s  

and must r e f l e c t  some r e a l i t y .  The a f t e rnoon  d i u r n a l  peak i s  h ighes t  

a t  Charleston,  Ashevf l fe ,  Norfolk, and Char lo t t e ,  i n  t h a t  o r d e r ,  and 

lowest  a t  H a t t e r a s .  

A second d i u r n a l  maximum of r a i n f a l l  occurrence comes i n  t h e  morning 

hours a t  t h e  e a s t e r n  s t a t i o n s ,  most no tab ly  a t  Ha t t e r a s  where i t  c e n t e r s  

a t  0400 t o  0500 EST a s  t h e  p r i n c i p a l  d i u r n a l  peak. It diminishes i n  

prominence toward Norfolk and Char les ton ,  poss ib ly  i n  p a r t  due t o  s h o r t e r  

d a t a  per iods .  I c s  westward ex tens ion  i s  ev iden t  a t  Ralefgh and Greensboro, 

both w e l l  i n l and ,  and i s  l e s s  ev iden t  a t  Richmond and Columbia nearer  t h e  

c o a s t .  It is  thus  more a  f e a t u r e  of North Carol ina than of ad j acen t  s t a t e s .  

The conf igu ra t ion  of t h e  A t l a n t i c  eoase f ine  lends  immediate mari t ime 

in f luence  t o  a much l a r g e r  a r e a  of North Carol ina than  of South Carol ina 

and Vi rg in i a .  I m p l i c i t l y  much of t h e  c o a s t a l  p l a i n s  of North Carol ina has  

two d i u r n a l  peaks of summer showers, one near  s u n r i s e  and t h e  o the r  near  

s u n s e t ,  w i th  depress ions  centered  near  midnight and j u s t  b e f o r e  noon, Q u i t e  

t h e  con t r a ry ,  t h e  western p a r t  of North Carol ina has  a  dominant s f n g l e  

d i u r n a l  cyc le  of warm season r a i n s ,  wi th  mfnimum occuerences near  s u n r i s e  

and maximum about  12 hours  l a t e r ,  i n  gene ra l  accord wi th  t h e  p a t t e r n  of t h e  

c o n t i n e n t a l  i n t e r i o r  and Gulf Coast r e g i o n ,  The secondary d i u r n a l  c y c l e  i n  



Figure 1. Time-Diatance Sec t ions  of Monthly Occurrences of 
Measurable Rain During Hourly I n t e r v a l s  (July)  



Figure 2. Time-Distance Sec t ions  of Monthly Occurrences of 
30.25-inch Rain During Hourly I n t e r v a l s  (July)  



t h e  western p a r t  of t he  s t a t e  i s  only f a i n t  i n  comparison. The s t a t e ' s  

two d i u r n a l  regimes i n  summer r a i n f a l l  imply d i f f e r e n t  r a i n f a l l - r u n o f f -  

i n f i l t r a t i o n - e v a p o r a t i o n  r e l a t i o n s h i p s  app l i ed  t o  d a i l y  r a i n f a l l  o r  t o  long 

term r a i n f a l l  amounts f o r  t h i s  summer month. 

There a r e  f u r t h e r  i n t e r e s t i n g  d e t a i l s  i n  t h e  p a t t e r n s  shown by F igu re  

1. I n  s p i t e  of t h e  g r e a t  smoothing employed, s u b s t a n t i a l  i n t e r h o u r l y  

changes remain i n  t h e  r a i n f a l l  probabi  l i t y  of occurrence d u r i  ng t h e  e a r l y  

a f t e rnoon  from t h e  mountains eastward over t h e  pfedmont, and from about  

0700 t o  1000 EST over t he  e a s t e r n  pfedmont and c o a s t a l  p l a i n  a s  i n d i c a t e d  

by Raleigh and H a t t e r a s .  Fu r the r ,  t h e r e  i s  f a i n t  i n d i c a t i o n  of c o n t i n u i t y  

i n  t h e  morning maximum of r a i n f a l l  occurrence extending westward t o  t h e  

mountains. It diminishes considerably i n  ampli tude a c r o s s  t h e  piedmont 

and appears  delayed by s e v e r a l  hours  i n  t h e  wes t ,  which phase displacement  

is  perhaps i n  consequence of t h e  dominance in land  by t h e  s u n r i s e  minimum 

and a f t e rnoon  maximum. Also,  t h e  forenoon minimum, which appears  most 

pronounced i n  t h e  Greensboro and Raleigh d a t a ,  i s  d e t e c t a b l e  west-east  

ac ros s  t h e  s t a t e  w i th  l i t t l e  phase s h i f t .  But i t  occurs  e a r l i e r  over 

V i rg in i a  and, from i n d i c a t i o n s  by the  South Caro l ina  d a t a ,  l e s s  d e f i n i t e l y  

t o  t he  south .  Referenced t o  given times of day ,  t he  geographic g r a d i e n t s  

i n  p r o b a b i l i t y  of r a i n f a l l  occurrence f o r  J u l y  a r e  e v i d e n t l y  l a r g e  near  

s u n r i s e  between c o a s t a l  p l a i n  and piedmont of North Carol ina and i n  e a r l y  

a f t e rnoon  eastward and northward t o  Cha r lo t t e .  

Rainfal l - runoff  r e l a t i o n s  a r e  more s e n s i t i v e  t o  t he  h igher  r a i n f a l l  

i n t e n s i t i e s ,  and the  propor t ion  of t h e  r a i n f a l l  budgeted t o  immediate 

evapora t ion  i s  h ighe r  f o r  t h e  l i g h t e r  r a i n s ,  depending on t h e  a t t e n d a n t  

and subsequent atmospheric cond i t i ons .  For t hose  reasons F igu re  2 was 



prepared from t h e  t a b u l a t i o n s  of r a i n  occurrences equal  o r  exceeding 0.25 

inch i n  t h e  hour ly  i n t e r v a l ,  w i th  s i m i l a r  procedures  employed a s  i n  obta in-  

i ng  F igure  1. However, s i n c e  i n s t a n c e s  of 0.25 inch  r a i n  i n  an  hour a r e  f a r  

fewer,  t h e  e f f e c t s  of d a t a  smoothing a r e  p ropor t iona te ly  l a r g e r  and the  

r e s u l t s  correspondingly l e s s  r e l i a b l e  than  i n  F igure  1. New p a t t e r n s  a r e  

obta ined ,  however, which a r e  u s e f u l  i f  taken wi th  due d i s c r e t i o n s .  

Comparison of F igures  1 and 2 r e v e a l s  t h a t  J u l y  r a i n s  of 0.25 inch  i n  

a n  hour comprise only a smal l  p a r t  of t h e  measurable r a i n  occurrences,  

and a l s o  t h a t  t h i s  f r a c t i o n  appears t o  vary d i u r n a l l y  a s  w e l l  a s  geogra- 

p h i c a l l y .  The number of hourly r e p o r t s  of 0.25 inch  i n  r a t i o  t o  a l l  hour ly  

r e p o r t s  of measurable r a i n  i s ,  expressed i n  pe rcen t ,  Ashevi l le  7 ,  Norfolk 13 ,  

C h a r l o t t e  1 4 ,  H a t t e r a s  15 ,  Richmond 16 ,  Greensboro 16 ,  Raleigh 17 ,  Columbia 

19 ,  and Charleston 27. The l a s t  f i g u r e  i s  be l i eved  doub t fu l  a s  a long term 

average ,  and t h e  one f o r  Ashev i l l e  might b e  suspec t  a l s o .  A t  any r a t e ,  

o v e r a l l  l e s s  than  one-sixth of t h e  measurable-rain hours  i n  J u l y  a r e  qua r t e r -  

i nch  r a i n s .  F igure  2 shows how those  few a r e  d i s t r i b u t e d  over t h e  course  

of t h e  day through t h e  reg ion .  

A s i g n i f i c a n t  t r a n s i t i o n  from Figure  1 t o  F igure  2 is  the  sha rp  l o s s  

of t h e  morning maximum except  over e a s t e r n  North Caro l ina  a s  t h e  l i g h t e r  

r a i n s  a r e  removed from t h e  sample. The r a t i o s  in frequency of -3.0.25-inch 

r a i n  t o  those  % O . O l  i nch  a r e  0.20 a t  Raleigh f o r  hours  0600, 0700, and 0800 

EST, 0.13 a t  Greensboro f o r  hours 0400, 0500, and 0600, and zero  a t  

C h a r l o t t e  f o r  hours  0800, 0900, and 1000, a l l  three-hour per iods  embracing 

t h a t  morning maximum a t  t h e  r e s p e c t i v e  s t a t i o n s .  I n  t h a t  per iod  a t  

C h a r l o t t e  only about  1 /15  of t h e  measurable-rain occurrences were a s  much 

a s  0.10 inch  per  hour .  While those  morning r a i n s  of J u l y  a r e  t r i v i a l  i n  



t h e  upper piedmont a r e a ,  t h a t  is  not  the ca se  i n  t h e  e a s t e r n  p a r t  of t h e  

s t a t e .  For hours  0300, 0400, and 0500 a t  H a t t e r a s  and 0600, 0700, and 

0800 a t  Rale igh ,  t h e  r a i n s  of ' 0 .25  inch  per  hour r ep re sen t  18  percent  of 

t h e  measurable r a i n s  i n  those hours ,  which i s  no less a r a t i o  than  i n  t h e  

afternoon-evening maximum of frequency a t  those  s t a t i o n s .  

The a f t e rnoon  maximum is  d i f f e r e n t .  The r a t i o s  i n  freuqency of '*.0.25 

inch  r a i n  t o  t hose  ? s O . O l  inch a r e  0.4 a t  Charleston f o r  hours  1300, 1400, 

and 1500, 0.24 a t  Columbfa f o r  hours  1900, 2000, and 2100, 0.24 a t  C h a r l o t t e  

f o r  hours  1600, 1700, and 1800, 0 -19  a t  Greensboro f o r  hours  1800, 1900, 

and 2000, and 0.20 a t  Raleigh f o r  hours  1700, 1800, and 1900. West and 

southwest of Rale igh ,  and appa ren t ly  a l s o  over e a s t e r n  V i r g i n i a ,  t h e  J u l y  

r a i n s  of afternoon-evening t y p i c a l l y  a r e  more i n t e n s e  than  those  of morning. 

Eas t  (and l i k e l y  a l s o  sou theas t )  of Raleigh t h e  mornfng r a i n s  a r e  propor- 

t i o n a t e l y  no l e s s  i n t e n s e  than  those  of t h e  l a t e  a f t e rnoon  peak. 

Comparison of F igu res  1 and 2 r e v e a l s  phase d i f f e r e n c e s  i n  t h e  t imes of 

maximum occurrence.  The a f t e rnoon  r a i n s  of 20.25-inch per  hour gene ra l ly  

peak i n  frequency e a r l i e r  t han  t h e  s0.01-inch r a i n s .  The phase d i f f e r e n c e  

i s  l a r g e  a t  Charleston and Norfolk where t h e  i n t e n s e  r a i n s  peak e a r l y ,  and 

smal l  a t  Columbia and Char lo t t e  where they peak l a t e r  i n  t h e  day. A t  t h e  

l a t t e r  s t a t i o n s  t h e r e  f s  r a p i d  drop dur ing  t h e  evening hours  i n  f r equenc ie s  

of t h e  heavy r a i n s ,  Many i n d i v i d u a l  r a i n s  have t h e  c h a r a c t e r i s t i c  of 

i n t e n s e  r a i n f a l l  r a t e s  a t  t h e i r  onse t  and then  t ape r ing  off  f o r  hours  a f t e r -  

ward, bu t  t h a t  i s  only  p a r t  of t h e  whole explana t ion .  An e a r l f e r  peak i n  

t he  frequency of hour ly  0.25-inch r a i n s  than  i n  t h a t  of a l l  measurable r a i n s  

appears  i n  t h e  H a t t e r a s  mornfng maximum a l s o ,  by about one hour ,  b u t  n o t  

pe rcep t ib ly  a t  Rale igh .  



There is  a n  odd i ty  i n  phases of t h e  two p a t t e r n s  from Raleigh t o  

H a t t e r a s  i n  t he  a f te rnoon.  While Ffgure 1 shows a  maximum of r a i n  frequency 

near  1900 EST a t  both s t a t i o n s ,  F igure  2 shows a n  apparent  double maximum 

lengthening  i n  t ime d i f f e r e n c e  eastward,  w i th  r a i n  i n t e n s i t i e s  diminishing 

eastward f o r  hours  1500 t o  1900. (This oddi ty  a t  H a t t e r a s  was no t  pro- 

duced by t h e  y e a r s  1961-62.) The broad o r  double maximum i n  l a t e  a f t e rnoon  

a t  Raleigh i n  F igure  2 a l s o  a rose  independent ly i n  t h e  d a t a  f o r  Columbia, 

Greensboro, and Richmond, wi th  more o r  l e s s  d i s t i n c t i o n .  I n  view of t h i s  

f e a t u r e ,  t h e  l a r g e  d i s t a n c e  from Raleigh t o  H a t t e r a s ,  and t h e  l i k e l i h o o d  

t h a t  H a t t e r a s  d e p a r t s  s i g n i f i c a n t l y  from the  c o a s t a l  r eg ioq  t o  t h e  wes t ,  

t h e r e  a r i s e s  some ques t ion  about  i n t e r p o l a t i o n  between those  two s t a t i o n s  t o  

d e s c r i b e  t h e  c o a s t a l  p l a i n s .  

It i s  p e r t i n e n t  t o  sugges t  cau t ion  i n  gene ra l i z ing  these  p a t t e r n s  w i th  

r e s p e c t  t o  l i f e  cyc l e s  and movements of i n d i v i d u a l  r a i n  systems. The swaths 

of maximum frequency i n  F igures  1 and 2 indeed a r e  n o t  t o  be confused w i t h  

t h e  pa ths  of i n d i v i d u a l  systems between s t a t i o n s ,  and two peaks i n  r a i n  

frequency d i u r n a l l y  over e a s t e r n  North Carol ina i s  ha rd ly  t o  sugges t  t h a t  a  

morning r a i n  i s  followed by another  about  12 hours  l a t e r .  Fu r the r ,  no 

c o r r e l a t i o n s  have been made between s t a t i o n s  on a  day-by-day b a s i s .  

Table l(f) gave t h e  r a t i o s  of hour ly  r e p o r t s  per  month wi th  measurable 

r a i n  t o  the  number of r a i n y  days per  month. Those ranged from 2.9 a t  t h e  

western North Carol ina s t a t i o n s  t o  3.6 ( longer  r a i n s  per  r a i n y  day) a t  

H a t t e r a s .  I f  s i m i l a r l y  i s  done f o r  r a i n s  of 0.25-inch th re sho ld ,  t h e  

fol lowing r a t i o s  tending about u n i t y  a r e  obtained:  Ashev i l l e  0 .5 ,  Norfolk 

0 .8 ,  Greensboro 1 .0 ,  C h a r l o t t e  1.1, Richmond 1 .2 ,  Raleigh 1 . 2 ,  Columbia 1 .3 ,  

Char les ton  1 .4 ,  and H a t t e r a s  1 . 4 .  For i n t e r p r e t a t i o n s  of t hese ,  t h e  number 



of days per  J u l y  having 0.25 inch  o r  more a r e  given: Cha r lo t t e  4 . 2 ,  

Ha t t e r a s  4 ,5 ,  Richmond 4.7, Ashevi l le  5 .0,  Greensboro 5.1,  Raleigh 5.3, 

Charleston 5.4,  Columbia 6.0,  and Norfolk 6.6.  The in t ens f ty -du ra t ion  

r e l a t i o n s h i p s  so  ind ica t ed  have apprec i ab le  d i s p e r s i o n  over t h e  reg ion .  

P a r t  of t h a t  a r i s e s  from d i f f e r e n t  d a t a  pe r iods ,  b u t  any such c o n t r i b u t i o n  

i s  only i n  p ropor t ion  t o  t h e  l o c a l  i n t e r a n n u a l  va r i ance  i n  t h e  above 

r e l a t i o n s h i p .  The s i m i l a r  r a t i o s  f o r  o t h e r  months, January,  A p r i l ,  and 

October,  r e s p e c t i v e l y ,  a r e  f o r  l0-year s t a t i o n s :  Cha r lo t t e  0 .5 ,  0 .7,  and 

0.9;  Greensboro 0 .5 ,  0 .5 ,  and 10l; Raleigh 0 .6 ,  0 . 9 ,  and 0.7; Richmond 

0.3,  0 .6,  and 0.8.  

One hydro logic  impact of t h e  d i u r n a l  v a r i a t i o n  of r a i n f a l l  over land 

l i e s  i n  i t s  budget t o  t h e  process  of evapora t ion ,  t h e  p o t e n t i a l  of which 

has a  pronounced d i u r n a l  cyc l e  a l s o .  A r a i n  immediately followed by condi- 

t i o n s  f avo r ing  r a p i d  evaporat ion -- a v i r t u a l  s iphon f o r  water  from the  

s u r f a c e  i n t o  t h e  atmosphere -- is  correspondingly reduced i n  runoff  and so31 

i n f i l t r a t i o n .  The r e s i d u a l ,  o r  t h e  "net r a i n "  a f t e r  c o r r e c t i o n  f o r  t h a t  

immediate evapora t ion ,  is  apprec i ab ly  l e s s  than what i s  c o l l e c t e d  i n  t he  

raingage.  On t h e  con t r a ry ,  t h e  same r a i n  followed by s e v e r a l  hours  of low 

o r  diminishing evapora t ion  r a t e s  i s  a b l e  t o  (a )  i n f i l t r a t e  t h e  s o i l  t o  

depths  i n h i b i t i n g  t h e  r a t e s  of subsequent evapora t ion  from t h e  s u r f a c e  

and (b) c o l l e c t  i n  s t reams and r e s e r v o i r s  w i th  g r e a t l y  reduced r a t i o  of 

exposed s u r f a c e  a r e a  t o  mass of t h e  wa te r ,  bo th  reducing t h e  amount of water  

l o s t  and l o s a b l e  t o  t h e  a i r .  

For given water  supply a t  t h e  s u r f a c e ,  condi t ions  f avo r ing  evapora t ion  

a r e  h igh  temperature of t h e  s u r f a c e  ( e s p e c i a l l y  being heated by the  s u n ) ,  

l a r g e  temperature drop from the  s u r f a c e  f n t o  t h e  a i r  above, and windy a i r .  



Because a  land s u r f a c e  r i s e s  i n  temperature under s o l a r  hea t ing  f a s t e r  than  

does t h e  s u r f a c e  of a  body of wa te r ,  a  wet land s u r f a c e  can evaporate  f a s t e r  

than  a  l a k e  s u r f a c e  o r  a n  evaporat ion pan f i l l e d  wi th  water .  While low 

mois ture  content  of t h e  over ly ing  a i r  a l s o  a s s i s t s  t h e  evapora t ion ,  t h a t  i s  

n o t  t h e  whole c o n t r o l ,  a s  i s  v e r i f i e d  by the  r ap id  dry ing  of su r f aces  which 

occur even on a  humid summer day,  The d i u r n a l  courses  of bo th  temperature 

and wind imply t h a t  o r d i n a r i l y  a  given b r i e f  r a i n  has  less i n f i l t r a t i o n  and 

runoff  i f  occur r ing  near  s u n r i s e  o r  dur ing  forenoon, and p re fe rab ly  followed 

by broken t o  c l e a r  s k i e s ,  than  i f  occur r ing  near  s u n s e t  or  i n  t h e  evening 

hours .  The an tecedent  cond i t i ons ,  inc luding  s o i l  capac i ty  f o r  water  s t o r a g e ,  

may no t  be  primary c o n t r o l s  on the  l o s s  t o  evapora t ion  i n  t h e  succeeding 

few hours  under meteoro logica l  condi t ions  f avo r ing  evapora t ion .  I n  t h e  cold 

season  t h e  rap id  movement ( o r  l o c a l  a l t e r n a t i o n )  of weather systems g ive  

i n t e r d i u r n a l  v a r i a t i o n s  of evapora t ion  p o t e n t i a l  which can overshadow t h e  

d i u r n a l  v a r i a t i o n s .  Evaporat ion p o t e n t i a l  gene ra l ly  has  most d i u r n a l  

v a r i a t i o n  i n  t h e  warm season over land ,  when a l s o  t h e  i n t e r d i u r n a l  v a r i a -  

t i o n s  a r e  l e a s t .  

Budgets of summer showers t o  s o i l  water  s t o r a g e  and runoff m e r i t  exami- 

n a t i o n  i n  l i g h t  of t h e  d i u r n a l  v a r i a t i o n s  of bo th  r a i n f a l l  and evapora t ion  

I n  t h i s  r e s p e c t ,  whether t he  ra ingage  t o t a l l e d  s i x  inches  o r  f o u r  i nches  

f o r  t h e  month i s  h a r d l y  t r a n s l a t a b l e  d i r e c t l y  i n t o  s p e c i f i c  impacts on 

v e g e t a t i o n  o r  s u r f a c e  water  supply.  Evident ly  t h e r e  a r e  d i f f e r e n t  phys i ca l  

regimes apply ing  t o  warm season  r a i n  f o r  t h e  e a s t e r n  and wes tern  p a r t s  of 

North Carol ina.  



PREVAILING W I N D  DIRECTIONS 

Percent  f requencies  of wind d i r e c t i o n s  i n  t he  fou r  months A p r i l ,  J u l y ,  

October, and January a r e  given i n  Table 4 f o r  n ine  National  Weather Se rv i ce  

s t a t i o n s  i n  t h e  r eg ion .  Also given a r e  t h e  mean monthly wind speeds t o  t h e  

n e a r e s t  mi l e  per  hour averaged from t h e  hour ly  observa t ions .  The d a t a  f o r  

a l l  s t a t i o n s  except  H a t t e r a s  were taken from t h e  r e s p e c t i v e  Decennial 

Census (1951-1960) p u b l i c a t i o n s .  Those f o r  H a t t e r a s  were compiled from i t s  

published monthly summaries f o r  t h e  10 yea r s  1953-1962. 

I n  t h e  publ ished d a t a  f o r  any month and s t a t i o n  t h e  sum of t h e  f r e -  

quencies  f o r  t h e  16 d i r e c t i o n s  p l u s  t h e  frequency of calm t o t a l s  100 pe rcen t .  

I n  ob ta in ing  t h e  f i g u r e s  i n  Table 4 ,  smoothing was done t o  reduce t h e  

ev ident  b i a s  f o r  r e p o r t i n g  more winds from t h e  e i g h t  d i r e c t i o n s  N ,  NE, E ,  

SE, S ,  SW, W ,  and NW than  from the  e i g h t  i n t e rmed ia t e  d i r e c t i o n s .  They were 

smoothed by averaging t h e  f requencies  over t h r e e  consecut ive d i r e c t i o n s  

wi th  double weight ass igned  t o  t he  middle one. Those averages rounded t o  t h e  

n e a r e s t  whole percent  a r e  p re sen ted ,  and t h e  new f requencies  may then  t o t a l  

s l i g h t l y  d i f f e r e n t  from LOO percent  i n  some columns. A s  u sua l ,  smoothing 

reduces t h e  prominence of r e a l  peaks and d i p s  i n  a d i s t r i b u t i o n .  

There a r e  d i f f e r e n c e s  between s t a t i o n s  which a r e  r e a l  and o t h e r s  u n r e a l .  

Some geographic v a r i a t i o n  e x i s t s  over t h e  l a r g e  a r e a  covered. There a r e  

d i f f e r e n c e s  due t o  major physiographic f e a t u r e s ,  no tab ly  t h e  marine exposure 

of H a t t e r a s  and t h e  orographic c o n t r o l s  a t  Roanoke, and t o  minor ones l o c a l l y  

a l s o .  Exposures of t he  ins t ruments  a t  t h e  s i t e s  vary  cons ide rab ly ,  espe- 

c i a l l y  i n  t h e i r  a l t i t u d e  above ground. Because of t h e  l a r g e  v e r t i c a l  

g rad ien t  of wind speed near  t he  s u r f a c e  i n  s t r a t i f i e d  cond i t i ons  such a s  

e x i s t  g e n e r a l l y  over  land a t  n i g h t ,  one anemometer s i t u a t e d  nea re r  t h e  ground 



Table 4 

Percent  Frequencies  of Wind Di rec t ions  i n  A p r i l ,  J u l y ,  October,  and 
January (1951-1960) 

ROANOKE ( 5 2 , s f t )  RICHMOND ( 6 7 f t )  NORFOLK ( 5 5 , Z f t )  

A J O J  A J O J  A J O J  

Calm % 9 1 6  1 6  9 - 1 2 2 1  1 4 2 2  
V mph 1 0  7 7 1 0  9 7 7 8  1 2  8 11 11 

GREENSBORO(56,20£t) RALEIGH ( 3 2 , m t )  HATTERAS (1953-62)  

A J O J  A J O J  A J O J  

Calm % 3 5 7 4 7 1 4  13 9 1 2 2 1  
$ mph 1 0  7 8 9 9 7 7 8  1 4  11 1 2  13 

CHARLOTTE(85 ,z f t )  COLUMBIA ( 3 6 f  t )  CHARLESTON(L3,=,20f t )  

A J O J  A J O J  A J O J  

C a l m %  3 6 4 3 - 
V m p h  9 7 8 9 



than  another  w i l l  i n d i c a t e  t h e  l i g h t e r  mean speeds and the  more f r equen t  

calms. The fewer ealms repor ted  a t  Richmond than  a t  Raleigh and Columbia 

undoubtedly owes i n  some p a r t  o r  a l l  t o  t h i s .  During t h e  decade of d a t a  

t h e r e  were changes i n  l o c a t i o n  s f  t h e  wind instruments  a t  some of t h e  

s t a t i o n s  ( a s  i n d i c a t e d  by a l t i t u d e s  given i n  Table 4) which a f f e c t e d  

p a r t i c u l a r l y  t h e  wind speeds and frequency of calms. With t h e  r e l o c a t i o n  

of t he  observa t ion  s i t e  from Cape H a t t e r a s  t o  ad j acen t  Buxton i n  3.957 

t h e  calm f requencies  became g r e a t e r  than  0 .5  pe rcen t ,  

P e r f e c t  calms a r e  everywhere much fewer than  ind ica t ed  by t h e  r e p o r t s ,  

f o r  a  t h re sho ld  of a i r  f low i s  r equ i r ed  t o  t u r n  the  anemometer. I n  f a c t ,  

t h e r e  a r e  more r e p o r t s  of calm than  of one and two mi l e s  per  hour.  I n  

comparing t h e  wind d i r e c t i o n  f r equenc ie s  a t  two s t a t i o n s  i t  may b e  

necessary t o  a l low f o r  t h e  d i f f e r e n c e  i n  calm f requencies .  For example, 

i n  October t h e  winds from nor th  and n o r t h e a s t  a r e  i nd ica t ed  more p reva len t  

a t  C h a r l o t t e  than  a t  Columbia, b u t  when allowance is  made f o r  t h e  d i f f e r e n c e  

i n  ealms t h e  comparison r e v e r s e s .  Although t h e  d i s t r i b u t i o n  of very  l i g h t  

winds which a r e  repor ted  a s  calms might be  d i r e c t i o n a l l y  dependent,  t h e r e  

is  some g u s t i f  f c a t i o n  f o r  t h e  above adjustment .  

The c o a s t a l  and piedmont s t a t i o n s  r e v e a l  a  pronounced bimodal d i s t r i -  

bu t ion  of wind d i r e c t i o n s .  The p r i n c i p a l  mode f o r  t h e  year  is  from southwest 

o r  south ,  and among t h e  months l i s t e d  it i s  most prominent i n  Apr41 and 

J u l y ,  a l though ev ident  i n  l e s s  dominating f r equenc ie s  i n  o t h e r  seasons.  The 

o the r  mode i s  from t h e  oppos i t e  d i r e c t i o n ,  n o r t h  o r  n o r t h e a s t .  It i s  t h e  

p r i n c i p a l  mode of autumn, i s  l e s s  pronounced i n  w i n t e r ,  and is  s t i l l  l e s s  

a  f e a t u r e  of o t h e r  seasons .  Those two opposing modes of wind d i r e c t i o n  a r e  

roughly p a r a l l e l  t o  t he  Appalachian cha in  and t h e  A t l a n t i c  c o a s t l i n e ,  and 



a r e  about  a long  t h e  contours  of physiography. Winds from e a s t  and sou theas t  

a r e  t r a n s i t i o n a l  and in f r equen t .  I n  w in te r  t h e  a d d i t i o n a l  component of 

flow from west a c t i n g  on t h e  r e g i o n a l l y  favored modes from SSW and NNE r e s u l t  

i n  a n  apparent  t h i r d  mode from northwest ,  a s  i f  from tu rn ing  t h e  NNE winds 

i n t o  NW, and,  a l s o  a s  added flow from west would imply, t h e  SSW wind regime 

i s  turned i n t o  d i r e c t i o n s  more southwester ly and i s  somewhat accentua ted  

i n  frequency . 
The dominant bimodal d i s t r i b u t i o n  of d i r e c t i o n s  is  determined by the  

A t l a n t i c  Ocean on t h e  e a s t  and, i n  l e s s  i n f l u e n c e ,  by t h e  Appalachian 

Mountains t o  t h e  wes t .  This  r e v e r s a l  i s  not  r e a l l y  i n  t h e  sense  of a  land- 

and-sea breeze  type  of c i r c u l a t i o n ,  which occurs  d i u r n a l l y  and perpendicular  

t o  a  c o a s t l i n e ,  nor i s  i t  a mountain-and-valley breeze .  It i s  l i t t o r a l  of 

d i r e c t i o n .  I n  s easona l  dependence and geographic breadth  t h e  opposing 

modes of d i r e c t i o n s  comprise more n e a r l y  a  monsoon, which i s  a  s easona l  

r e v e r s a l .  With r e f e r e n c e  t o  t h e  p re s su re  d i s t r i b u t i o n ,  t h e  s o u t h e r l y  f low 

i s  a s s o c i a t e d  wi th  " the  Bermuda high" (and wi th  lower p re s su res  over t h e  

con t inen t )  whi le  n o r t h e r l y  f low is  a s s o c i a t e d  wi th  c o n t i n e n t a l  high pres-  

s u r e  (and wi th  lower p re s su res  o f f sho re ) .  The land-sea temperature c o n t r a s t  

is such a s  t o  favor  near  s e a  l e v e l  h igher  p re s su re  over t h e  ocean i n  s p r i n g  

and summer, h ighe r  p re s su re  over t h e  con t inen t  i n  autumn and w i n t e r ,  and 

thereby the  seasona l  r e v e r s a l  in p r e v a i l i n g  winds. 

High p re s su re  c e l l s  a t t e n d i n g  co ld  outbreaks toward t h e  sou theas t e rn  

s t a t e s  i n  autumn and win te r  have a n  a ~ p a r e n t ~ t e n d e n c y  t o  slow t h e i r  d i s -  

placement o r  s t a l l  f o r  a  wh i l e  over t h e  southern  Appalachian r eg ion ,  a s  i f  

h e s i t a n t  t o  embark upon the  warm wa te r s  of t h e  Gulf of Mexico and A t l a n t i c  

Ocean. That s t a g n a t i o n  i s  e f f e c t e d  much l e s s  by t h e  mountains than  by 



t h e  g r e a t  c o n t i n e n t a l  lobe  bounded by t h e  north-south A t l a n t i c  coas t  and 

t h e  east-west Gulf of Mexico c o a s t ,  w i t h  t h e  F lo r ida  peninsula  neglec ted  

i n  v i r t u e  of i ts  sma l l  width.  These s i t u a t i o n s  g ive  p e r s i s t i n g  n o r t h e r l i e s  

t o  t h e  A t l a n t i c  c o a s t  s t a t e s ,  e s p e c i a l l y  n o t i c e a b l e  i n  autumn when crircu- 

l a t i o n  s y s t e m  d i s p l a c e  more slowly than  i n  w i n t e r ,  To t h e  b roadsca l e  

thermal  f i e l d  of w i n t e r ,  wi th  t he  warm Gulf Stream Current  a r c  o f f s h o r e  

and cooler  A t l a n t i c  on i t s  no r the rn  f l a n k ,  can be a t t r i b u t e d  a l s o  t h e  f r e -  

quent "Cape H a t t e r a s  low pressure"  systems and a t t e n d a n t  r a i n y  n o r t h e a s t e r s  

a f f e c t i n g  t h e  seaboard of North Carol ina and Vi rg in i a .  

With t h i s  background of p r e v a i l i n g  winds and seasona l  dependence, 

some of t h e  p e c u l i a r i t i e s  i n  the  d i u r n a l  v a r i a t i o n s  of winds w i l l  be  

examined. The t a b u l a t i o n s  employed of wind r e p o r t s  by hour of day were 

i n  r e s p e c t  t o  speeds and no t  d i r e c t i o n s ,  and t h e  d i scuss ion  is so l i m i t e d .  

Wind, being t h e  vec to r  h o r i z o n t a l  a i r  f low,  v a r i e s  i n  a  manner w i t h  speed 

and d i r e c t i o n  in te rdependent .  While one cannot ana lyze  t h e  whole f n  

phys i ca l  terms by looking a t  wind speeds s e p a r a t e l y ,  t he  speed i s  i t s e l f  

of i n t e r e s t  i n  a  h o s t  of n a t u r a l  p roces ses  and human a c t i v i t i e s .  Among 

t h e  many th ings  it c o n t r o l s  o r  on which i t  bea r s  a r e  s a i l b o a t i n g  and k i t e -  

f l y i n g ,  wind waves on wa te r ,  c i r c u l a t i o n  i n  e s t u a r i e s  and sounds, fumigat ion  

o r  d u s t i n g  wi th  i n s e c t i c i d e s ,  cool ing power and human comfort ,  evapora t ion  

from wet o r  humid s u r f a c e s ,  concen t r a t ions  of a i r  p o l l u t a n t s  downwind from 

a  source ,  v i s i b i l i t y  o r  a tmospheric  t ransparency ,  winnowing of chaff  from 

g r a i n ,  spread of p o l l e n  and seeds  and l eaves ,  a i r c r a f t  takeoff  and l and ing ,  

fog  and dew and f r o s t  format ion ,  noc tu rna l  temperature drop  a t  the  s u r f a c e ,  

snowdr i f t  and dustblow, and o t h e r s ,  inc ludfng  even t h e  p o t e n t i a l s  f o r  

mosquito b i t i n g  and o t h e r  nu isances  by f l y i n g  i n s e c t s  outdoors .  



WIND SPEED FREQUENCY DISTRIBUTION 

A s  i n d i c a t e d  by Table 4, we a r e  dea l ing  wi th  s u r f a c e  winds of average  

monthly speed l y i n g  between 5 and 15 mph. Wind speeds a r e  bounded a t  one 

end of t h e i r  range ,  namely zero  o r  calm, and unbounded a t  t h e  o t h e r .  The 

frequency d i s t r i b u t i o n  i s  g r e a t l y  skewed. The mode of wind speeds i s  

cons iderably  nea re r  zero  than t o  t h e  h ighes t  va lues  observed, and near-calm 

cond i t i ons  a r e  more common than  a r e  winds twice  t h e  speed of the  mode. The 

average speed is l a r g e r  than  the  p r e v a i l i n g  o r  modal speed. 

The shape of t he  frequency d i s t r i b u t i o n  of speeds does vary  wi th  r e s p e c t  

t o  day and n i g h t ,  t he  season,  t h e  h e i g h t  above ground, t h e  sky and o the r  

weather cond i t i ons ,  and a l s o  t h e  wind d i r e c t i o n .  Over a  month or  a year  a t  

a  land s t a t i o n ,  f o r  i n s t a n c e ,  t h e  d f s t r f b u t i o n  of s u r f a c e  daytime winds 

compared t o  n ight t ime winds should have broader  range  of speeds,  h igher  mean 

speed, fewer calms, and lower frequency a t  t he  mode. Such a r e  charac te r -  

i s t i c s  of wind speed d i s t r i b u t i o n s ,  and v a r i a t i o n s  i n  them, which u n d e r l i e  

t h e  d i s c u s s i o n  t o  fol low.  

Wind speed f r equenc ie s  by hour of day were g iven  t abu la t ed  i n  t h e  

Decennial Census (1951-1960) pub l i ca t ions  by wind speed c a t e g o r i e s  0 t o  3, 

4  t o  12 ,  13 t o  24, and 25 mph o r  over .  Because so few of the  winds exceeded 

24 mph, f o r  t h i s  a n a l y s i s  t h e  l a s t  two c a t e g o r i e s  were combined f n t o  one, 

f o r  1 3  rnph and over .  The middle b racke t  of t h e  remaining t h r e e  contained 

most of t h e  observa t ions  a s  w e l l  a s  almost a l l  of t h e  c e n t r a l  t endencies .  

A s i m p l i f i e d  procedure was app l i ed  t o  those  t a b u l a t i o n s  f o r  ob ta in ing  c e r t a i n  

elemental  r e s u l t s  sought ,  i n  l i e u  of complicated s t a t i s t i c a l  procedures  o r  

r ecour se  t o  t he  mass of o r i g i n a l  observa t ions .  F i r s t ,  the  4 t o  1 2  rnph 

ca tegory  was ignored.  Next, t he  frequency of hour ly  wind r e p o r t s  :a13 rnph 



w a s  sub t r ac t ed  from t h e  frequency of 0 t o  3 mph. This  d i f f e r e n c e  F i n  

percentage frequency between the  l i g h t e s t  wind category and t h e  s t r o n g e s t  

wind ca tegory  is  a n  index t o  t he  dontinance of l i g h t  winds a s  w e l l  a s  t o  

t h e  skewness of t h e  d i s t r i b u t i o n .  F i n a l l y  those  d i f f e r e n c e s  were norma- 

l i z e d  f o r  each s t a t i o n  t o  g ive  mean va lue  zero f o r  any month of t he  10 

yea r s  f o r  t h e  s t a t i o n ,  because t h e  o b j e c t  i s  t o  examine t h e  d i u r n a l  t r e n d s  

i n  t h e  wind speed a p a r t  from t h e  seasonal  v a r i a t i o n  of t he  winds a l r e a d y  

given by Table 4. That crude measure should s u f f i c e  f o r  t h e  purpose a t  

hand. But i s  has  shortcomings, a primary one being t h e  s e n s i t i v i t y  t o  

unequal i n t e r v a l s  of speed i n  t h e  t h r e e  ca t egor i e s  of t h e  i n i t i a l  t a b u l a t i o n .  

DIURNAL VARIATIONS I N  WIND SPEEDS 

Table 5 g i v e s  those  r e s u l t s  f o r  t h e  f i v e  piedmont s t a t i o n s  and t h r e e  

c o a s t a l  s t a t i o n s  of V i r g i n i a ,  North Ca ro l ina ,  and South Caro l ina ,  f o r  A p r i l ,  

J u l y ,  October,  and January.  There i s  a column f o r  each hour ,  beginning a t  

midnight (MN). The l a s t  column on the  r i g h t  g ives  the  mean of t h e  speeds 

from each hour ly  observa t ion  i n  t he  month f o r  t he  decade. The two columns 

immediately preceding i t  g ive  t h e  average percentages  of winds 0 t o  3 rnph 

and of winds '$13 rnph. It i s  t h e  d i f f e r e n c e  P between t h e s e  two columns 

t h a t  was employed i n  normalizing the  r e s u l t s  i n  t h i s  t a b l e .  An example 

w i l l  c l a r i f y  procedure and r e s u l t s .  

A t  Richmond i n  A p r i l  t h e  lo-year average  was 9 percent  of winds 0 t o  

3 mph, 21 percent  of winds 1 3  mph o r  more, and t h e r e f o r e  70 pe rcen t  of winds 
- 

4 t o  1 2  mph. The d i f f e r e n c e  9 - 21 = -12 = F was sub t r ac t ed  ( a l g e b r a i c a l l y )  

from the  a c t u a l  d i f f e r e n c e  F of 15  percent  winds 0 t o  3 rnph and 14  pe rcen t  
- 

winds 313 rnph a t  midnight t o  o b t a h  F - F = (15 - 14) - (-12) = 1 3  p e r c e n t  

shown f o r  t h a t  t ime.  A t  t h e  next  hour t h e  mean d i f f e r e n c e  of l i g h t  winds 



Table 5. Percent of Winds 0-3 mph Minus Percent of Winds 313 mph, 
Normalized to Mean Zero 

a.m. E.S.T. p.m. Av. Da i l y  - 
MN 2 4 6 8 1 0  N 2 4 6 8 1 0  MN 2 0 - 3 > , 1 3 V  

mph mph mph 
RICHMONn (1951-60) 

Apr 1 3  17  20 20 1 8  20 22 17  3 7 1 4  1 7  21  23 23 20 23 6 6 2 7 4 8 7 1 3  17  20 20 9 21  9 .2  

J u l  1 6  1 2  17 19  17  20 1 5  8 1 6 9 1 5  20 19  23 25 23 2 1  1 2  2 5 7 9 1 0  1 6  1 2  17  1 9  18  6 6 .9  

Oct 8 1 1  9 11 8 1 2  9 1 4  0 9 1 6  17  2 1 2 0  22 2 1 1 0  3 8 10  8 9 1 2 1 0  8 1 1  9 1 1  1 5 1 0  7.4 

J a n  5 5 8 9  8 5 7 1 0  8 3 8 1 6 1 2 1 9 1 7 1 4 4 3  7 6 5 2 4 5 5 5 8 9 1 4 1 6  8 .2  

RALEIGH (1951-60) 
Apr 11 1 5  19 2 1  19 25 25 1 2  1 9 1 5  19  22 25 25 26 26 1 3  11 1 7  9 4 5 7 11 1 5  19 21  11 26 9.3 

J u l  1 1 1 3 1 8 2 1 2 4 2 8 1 9  2 5 $ 1 5 1 6 1 7 1 9  2 0 2 2 1 9 1 3  4 8 8 7 9 9 1 1 1 3 1 8 2 1  2 1  9 6.7 

Oct 1 2  1 5  1 7  1 2  16 19  1 6  1 6  1 16 27 25 29 22 25 21  12 1 0  1 2  9 5 5 9 8 1 2  1 5  17 12 20 1 5  7.4 

J a n  1 0  8 9 1 3  11 11 10 1 6  1 0  5 1 2  22 20 24 25 25 12 7 1 2  3 4 0 2 2 1 0  8 9 1 3  16  20 8 . 3  

GREENSBORO (1951-60) 
Apr 1 7  17  17  19  16 22 2 1 1 3  7 16  20 25 21 25 3 1  3 1 2 4 2  3 1 1 1 0  1 5  1 5  1 5  17 17 17 19  1 2  27 9 .6  

J u l  1 5  1 9  17  1 9  17 17 21  3 9 1 3  1 5  1 8  22 23 23 23 24 20 1 2  1 1 2  16 20 19 1 5  19  1 7  19 23 8 6 .8  

Oct 1 3  11 1 0  1 3  1 4  1 4  1 6  1 2  0 17 29 26 24 1 8  1 4  1 3  11 2 14 14 1 4  1 0  1 3  1 2  1 3  11 1 0  1 3  21  17  7.9 

J a n  1 3 1 2 1 1 1 3 1 0 1 5 1 5 1 6  8 0 1 4  22 22 25 25 27 17  3 7 8 8 1 0  1 3 1 5  1 3 1 2 1 1 1 3  1 8  22 8 . 6  

CHARLOTTE (1951-60) 
Apr 14  14  17 21  20 23 20 15 2 19 1 7  2 3 2 7  26 28 28 28 20 2 7 11 9 1 3  1 2  1 4 1 4 1 7  21  1 4 2 5  9 . 4  

J u l  1 3 1 8 1 8  22 25 26 24 9 2 2  1 8 1 1 1 9 2 2 2 _ ? 2 2 4  9 0 6 8 1 1  1 0 1 3 1 8 1 8  22 25 9 6 . 7  

Oct 7 9 8 12  1 3  11 1 3  8 2 12 1 8  18  19  21 1 8  20 1 6  7 1 0  7 3 9 8 1 2  7 9 8 1 2  20 1 5  7 . 7  

J a n  9 1 3  15  14 17  17  16 11 1 3  1 1 2  18  21  29 25 30 1 8  1 5 6 5 8 1 0  9 9 1 3  1 5  1 4  1 8  22 8 .6  

COLUMBIA (19 51-60) 
Apr 22 22 25 29 30 34 35 19  619 27 24 3 1  34 4 1  39 42 36 2 4 11 1 3  1 5  21  22 22 25 29 1 8  25 8 .8  

Oct 21  17 22 24 20 23 21  1 4  2 2 30 35  40 38 39 34 28 17 6 1 4  14  1 9  1 6  20 21 17 22 24 32 9 6.0 

J a n  22 18  20 17 21 20 18  1 5  1 3  5 20 26 34 40 38 39 31  1 3  0 9 9 16  13  1 4  22 1 8  20 17  28 1 8  7 .2  

NORFOLK (1951-60) 
Apr 1 4 1 5 1 9  2 0 2 2 2 0 1 7  2 1 3 1 7  2 0 2 2 2 4  23 2 5 2 6 2 5 2 5  1 1 1 1 3 1 6 1 4 1 0 1 4 1 5 1 9  20 9 42 11 .5  

J u 1  23 1 5  22 ? 23 23 1 2  9 1 5  1 6  20 23 29 26 26 23 17  1 0  3 1 6  17  20 1 8  23 1 5  22 ? 21 19  8 . 1  

Oct 1 2  1 3  1 0  1 2  11 8 1 0  3 6 17 18  25 23 24 18  17 4 1 1 1 4  1 2  18  1 4  1 0  1 1 1 2  1 3  1 0  1 2  1 2  36 1 0 . 6  

J a n  7 3 3 4 ? 6 ? 0 6 1 2  1 4  17 18  16 16 9 3 1 3  1 5  18  1 4  1 0  1 2  1 2  7 3 3 4 9 41 11 .4  

HATTERAS (1953-62) 
A p r 1 0 6 9 7 1 0 1 0 8 5 0 ~ ~ ~ 9 1 3 1 2 1 2 & ~ ~ 1 5 6 6 7 1 0 6 9 7  1 5 1 1 3 . 5  

J u 1  1 2 1 5 1 6 2 2 2 4 2 6 2 5 1 7  8 4 1 1 1 1 0 1 7 1 8 1 6 1 5  8 & 1 5 6 9 1 0 1 2 1 5 1 6 2 2  4 3 9  11 .3  

Oct 5 6 8 7 3 4 3 L l d  9 1 1 1 0 1 1  5 9 4 1 3  4 1 1  7 5 6 5 6 8 7 5 4 1  11 .6  

J a n  5 1 2  1: 0 0 1 1  1 2  8 1 2 1 2 1 1  9 2  1 8  8 1 1 1 0  8 4 5 5 1 2  1 3 4 9  13 .0  

CHARLESTON (1951-60) 
Apr 24 27 31  27 25 30 29 24 5 1 5  17  23 25 33 40 44 46 38 1 5  6 1 3  1 6  23 19 24 27 3 1  27 1 0  35 10.7  

J u l  24 22 30 32 34 30 27 1 3  0 7 6 1 5  1 9  31 33 45 42 36 20 1 4 1 2  1 6  22 24 22 30 32 14 20 8 .4  

Oct 17 20 16 11 8 1 0  1 3  8 8 1 6  18  23 26 25 29 26 19  7 1 1 1 1 1 3  1 8  19  17 17 2 0 1 6  11 14 18  8 . 3  

J a n  19  14 1 2  1 0  1 5  1 3  13  1 0  7 6 1 8  24 24 3 1  30 26 24 9 3 1 1 1 5  17  1 5  1 6  1 9  14 1 2  1 0  11 29 9.9 



minus s t r o n g  winds increased  by fou r  percent  t o  17 ,  and so on,  It maximizes 

near  s u n r i s e ,  i n d i c a t i n g  the  h ighes t  r e l a t i v e  frequency of P ight  winds a t  

t h a t  time of day,  and drops r a p i d l y  ( i n c r e a s i n g  wind speeds) over t h e  suc- 

ceeding few hours .  Negative va lues  a r e  shown underl ined w i t h i n  the  t a b l e .  

I n  l a t e  a f t e rnoon  t h e  P ight  winds grow r a p i d l y  i n  frequency r e l a t i v e  t o  t h e  

s t r o n g  winds, b u t  through t h e  evening t h e r e  i s  l i t t l e  change. 

I n  many r e s p e c t s  t h i s  d i u r n a l  p a t t e r n  of wind speed f r equenc ie s  i s  

repea ted  f o r  o t h e r  months and o the r  s t a t i o n s .  To t h a t  e x t e n t  t h e r e  is  a 

genera l ized  d i u r n a l  v a r i a t i o n  of wind speed near  t h e  ground. Although 

t h e s e  v a r i a t i o n s  a r e  mostly sma l l e r  a t  H a t t e r a s  than elsewhere,  perhaps 

more s u r p r i s i n g  i s  t h a t  H a t t e r a s  has  any s i g n i f i c a n t  d i u r n a l  v a r i a t i o n  i n  

view of i t s  marine exposure and the  smal l  d i u r n a l  v a r i a t i o n s  i n  s u r f a c e  

temperature and i n  t h e  s t r a t i f i c a t i o n  of t h e  lower atmosphere a t  s e a .  

Notably i n  J u l y ,  when t h e  winds a t  H a t t e r a s  a r e  most d e f i n i t e l y  of long 

marine t r a j e c t o r y ,  t h e  d i u r n a l  course  i n  wind speeds i s  t r u l y  c o n t i n e n t a l  

i n  a s p e c t .  Implied h e r e  is t h e  ope ra t ion  s f  a d i u r n a l  process  beyond t h e  

one u s u a l l y  expla in ing  d i u r n a l  v a r i a t i o n s  f n  s u r f a c e  winds, t h e  l a t t e r  of 

which involves  f r i c t i o n a l  d r a g  on the  wind by the  s u r f a c e  i n  p ropor t ion  t o  

t h e  wind speed and a l s o  t h e  downward f l u x  of momentum through v e r t i c a l  

mixing of t h e  a i r  convec t ive ly  over a s u r f a c e  heated dur ing  t h e  day. 

F igu re  3 should h e l p  i n  v i s u a l i z i n g  and i n t e r p r e t i n g  t h e  d a t a  i n  Table 

5. I l l u s t r a t e d  a r e  d i u r n a l  p r o f i l e s  of such d a t a  f o r  Nashv i l l e  (Tennessee) 

and Rale igh  f o r  t h e s e  f o u r  months. Nashv i l l e  i s  re ferenced  because it is  

i n  s i m i l a r  l a t i t u d e  b u t  is more t y p i c a l  of t h e  c o n t i n e n t a l  i n t e r i o r .  There 

we observe l a r g e  d i u r n a l  v a r i a t i o n s ,  g r e a t e s t  ampli tude of v a r i a t i o n  i n  

summer and l e a s t  i n  w i n ~ e r ,  winds peaking i n  speed i n  a f t e rnoon  e a r l i e s t  



i n  January and l a t e s t  i n  J u l y  i n  accord wi th  d i u r n a l  temperature cyc l e s ,  

and f o r  t h e  most p a r t  a  s i n g l e  cyc l e  over t he  24 hours .  The l a c k  of s i g n i -  

f i c a n t  drop i n  winds dur ing  January n i g h t s  is  s u r p r i s i n g  i n  view of t h e  

mean wind speeds and a l s o  t h e  mean f requencies  i n  a l l  speed c a t e g o r i e s  

being about t h e  same f o r  January and A p r i l .  The d i f f e r e n c e  l i e s  i n  t h e  

c o r r e l a t e d  d i u r n a l  v a r i a t i o n s  i n  s u r f a c e  temperature and wind. A t  

Nashvi l le ,  January averaged 77 percent  more hour ly  r e p o r t s  of r a i n  and 

35 percent  more hour ly  r e p o r t s  of 80 t o  100 pe rcen t  skycover by clouds 

a s  compared t o  Apr i l ,  which i s  i n  accord w i t h  t h e  d i f f e r e n c e  i n  d i u r n a l  

p a t t e r n s  of wind speeds shown t h e r e .  

Raleigh i s  about 35 minutes e a r l i e r  than  Nashvi l le  i n  s o l a r  t ime,  

b u t  t h e i r  Standard Times d i f f e r  by one hour ,  s o  t h a t  i n t h e  t ime s c a l e  

g iven  Nashv i l l e ' s  d i u r n a l  cyc l e  should be  almost a  h a l f  hour e a r l i e r  than  

Rale igh ' s .  Departures  a r e  seen  a t  Raleigh i n  peak speeds of Apr i l  delayed 

an  hour o r  two and those  of October occurr ing  a t  noon o r  e a r l i e r .  Another 

d i f f e r e n c e  i s  t h e  prominence of t he  wind l u l l  near  s u n s e t  a t  Raleigh i n  a l l  

months, though more marked i n  o the r  months than  i n  t he  J u l y  average when 

h igher  inc idence  of showers a t  t h a t  t ime of day has  a  smoothing e f f e c t  on 

t h e  p r o f i l e .  Another f e a t u r e  of the  Raleigh p r o f i l e s  is  t h e  smallness  of 

t h e  r i s e  appearing i n  t h e  October and January curves from mid-evening t o  

s u n r i s e ,  and y e t  t h e  sky condi t ions  and low humid i t i e s  favor  l a r g e r  d i u r n a l  

v a r i a t i o n s  i n  October t han  i n  Apr i l .  A t  bo th  s t a t 5  ons t h e r e  a r e  r a p i d  

changes i n  t h e  two hours  fol lowing s u n r i s e  and a l s o  i n  l a t e  a f t e rnoon ,  which 

a r e  t h e  pe r iods  of coupling t o  and uncoupling from t h e  more f r e e l y  f lowing 

a i r  above t h e  boundary l a y e r  of atmosphere. 

I n  compari son wi th  the  Nashvi l le  prof f l e s ,  c e r t a i n  p e c u l i a r i t i e s  of t h e  

Raleigh curves  a r e  seen  repea ted  a t  o the r  s t a t i o n s  of North Caro l ina  and 



Figure 3 .  Diurna l  D i s t r i b u t i o n s  of Normalized Dif fe rence  
i n  Frequency of Winds 0-3 mph and Winds h13 
mph, Nashvi l le ,  Tennessee, and Raleigh,  North 
Caro l ina ,  1951-1960. 
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Figure  4. Dif 'ference i n  Frequency of Winds 0-3 mph and 
of Winds a13 mph f o r  Se l ec t ed  Months of 
October,  1953-1962, a t  Cape Ha t t e r a s .  



v i c i n i t y  i n  Table 5.  Among these  a r e  t h e  tendency of wind t o  l u l l  near  

sunse t  whi le  gene ra l ly  t he  s u r f a c e  temperatures  a r e  cours ing  downward t o  

minimize near  s u n r i s e ,  and the  d i f f e r e n c e s  of t h e  October p r o f i l e  from 

those  of J u l y  and A p r i l .  These f e a t u r e s  a r e  a l l  t he  more dramatic  when 

allowance is  made f o r  t h e  change by one-half hour i n  observa t ion  times 

e f f e c t i v e  i n  1953, by t h e  changes i n  s u n r i s e  o r  s u n s e t  by up t o  36 minutes 

over t h e  course of t he  month, and by v i r t u e  of t h e s e  comprising a l l  t h e  

observa t ions  r e g a r d l e s s  of p o s i t i v e  o r  nega t ive  eireumstances i n  t he  

weather.  The tendency f o r  October winds t o  peak i n  speed near o r  even 

be fo re  noon and t o  p e r s i s t  i n  speeds through the  n i g h t  is  evidenced wi th  

more or  l e s s  c l a r i t y  a t  a l l  of t he  piedmont and c o a s t a l  s t a t i o n s .  That i t  

appears  so gene ra l ly  over t h e  r eg ion ,  a t  H a t t e r a s  and w e l l  i n l and ,  obv ia t e s  

explana t ions  by l o c a l i z e d  c o n t r o l s  or  such d i u r n a l  e i r e u l a t i o n s  a s  t h e  

land-and-sea breeze ,  

Table 4 i n d i c a t e s  t h a t  i n  October t he  p r e v a i l i n g  mode of wind d i r e c t i o n  

i s  from near  NNE. Winds from t h e  quadrant  centered  on t h a t  mode c o n s t i t u t e  

about  40 percent  of t h e  October observa t ions .  Those from t h e  oppos i t e  

quadrant comprise about  two-thirds a s  many. The p r i n c i p a l  mode occupies  l e s s  

than  ha l f  t h e  t ime i n  October,  bu t  t h i s  d i r e c t i o n  i s  most prominent i n  t h a t  

season.  The oppos i te  mode p r e v a i l s  En J u l y  and A p r i l ,  when d i u r n a l  v a r i a t i o n s  

i n  su r f ace  winds a r e  g r e a t e s t .  S ince  t h e  d i u r n a l  d i s t r i b u t i o n s  g iven  com- 

p r i s e  g&. of t he  obse rva t ions ,  we a n t i c i p a t e  t h a t  t h e  d i f f e r e n c e s  i n  t h e  

d i u r n a l  v a r i a t i o n s  of NNE and SSW winds a r e  g r e a t e r  i f  s i t u a t i o n s  a r e  

s e l e c t e d  only wi th  winds from those  d i r e c t i o n s  w i t h  p a r t l y  cloudy t o  c l e a r  

s k i e s .  That i s  p o s s i b l e  t o  i n v e s t i g a t e  employing t h e  o r i g i n a l  hourly 

obse rva t ions ,  b u t  no t  from t h e  summary d a t a  a t  hand. 



With i ndiv idua l  monthly summaries a v a i l a b l e  f o r  Hat t e r a s  over t h e  

per iod  1953-1962, i t  was p o s s i b l e  t o  examine some of t h e  d i f f e r e n c e  i n  

d i u r n a l  v a r i a t i o n  of winds from the  two modal d i r e c t i o n s ,  a l though n o t  i n  

t h e  d e t a i l  t h a t  t h i s  phenomenon m e r i t s .  Of the  t e n  October monthly 

summaries, t h r e e  were s e l e c t e d  having t h e  h i g h e s t  percentages of winds from 

nor th  and n o r t h e a s t  (1953, 1956, l 957) ,  comprising sample N.  An equa l  

sample S c o n s i s t e d  of t h e  t h r e e  Octobers i n  which t h e  nor th-nor theas t  winds 

were l e a s t  f r equen t  compared t o  t he  south-southwest winds (1954, 1955, 

1959).  For each  hour of t h e  day average va lues  were obta ined  f o r  sample N 

and f o r  sample S of t h e  d i f f e r e n c e  i n  pe rcen t  f r equenc ie s  of winds 0 t o  3 

mph and 13  mph or  more. Af te r  smoothing over consecut ive three-hour pe r iods  

t h e  r e s u l t s  were presented  i n  F igure  4. 

Sample N averaged s l i g h t l y  s t ronge r  winds than sample S ,  a s  evidenced 

by the  d i f f e r e n t  he igh t s  of t h e  d i u r n a l  p r o f i l e s  i n  F igure  4.  Even though 

N conta ins  a s i g n i f i c a n t  f r a c t i o n  of winds wi th  t h e  S mode, and S has  such 

a  f r a c t i o n  of winds wi th  the N mode, and both  con ta in  winds from o the r  

s e c t o r s  a s  w e l l  a s  t h e  monthly composite of weather cond i t i ons ,  a  d i f f e r e n c e  

appears  i n  t h e  d i u r n a l  courses  of wind speed. Curve N desc r ibes  more n e a r l y  

a  s i n g l e  c y c l e  per  day, w i th  winds gene ra l ly  on t h e  dec rease  from l a t e  

forenoon t o  l a t e  evening and i n c r e a s e  over  t he  o the r  half-day.  Curve S d i p s  

( s t r o n g  winds) i n  e a r l y  a f t e rnoon ,  is h i g h e s t  about seven hours l a t e r ,  and 

has  two o the r  c y c l e s  of l e s s  ampli tude,  one of them as soc ia t ed  w i t h  l i g h t e r  

winds near  s u n r i s e .  I n  e a r l y  a f t e rnoon ,  s h o r t l y  be fo re  midnight ,  and a l s o  

near 0400 EST t h e s e  two curves have q u i t e  s i m i l a r  d i f f e r e n c e s  i n  f r equenc ie s  

of t h e  l i g h t e r  and t h e  s t ronge r  winds. A t  o the r  t imes of day, near  0700, 

1800, and 0200 EST, t h e  s e p a r a t i o n  i n  h e i g h t  of the  curves is l a r g e s t .  



Curve D gives  t he  d i f f e r e n c e  between curves N and S f o r  each hour of 

t h e  day. Doubts might a r i s e  on the  s i g n f f i e a n c e  of D i n  view of i t s  range  

be ing  only t h r e e  percent  and t h e  curve was determined from d a t a  t a b u l a t i o n s  

rounded t o  t h e  n e a r e s t  whole percent .  But curve D has  h a l f  the range of 

curves N and S ,  and i t  has  consistency and p e r i o d i c i t y  which could n o t  

r e s u l t  from e r r o r s  of observa t ion  o r  c ~ m p u t a t i o n .  Under t h e  breadth  of 

circumstances i n  the  d a t a  of N and S ,  those  curves a r e  only damped and mixed 

ve r s ions  of t he  r e a l  n a t u r e  of d i u r n a l  v a r i a t i o n s  t y p i c a l  of t h e  i n d i v i d u a l  

N and S modes. 

Comparison of curves D and H s e rves  t o  i l l u s t r a t e  t h i s  po in t .  From 

among t h e  t h r e e  months i n  each sample N and S ,  t h e  0ctobe;s of most dominant 

flow from nor th-nor theas t  (1956) and from south-southwest (1954) were 

compared, and curve  H shows t h e  d i f f e r e n c e  between those  two months. The 

ampli tude of H i s  g r e a t e r  than  t h e  ampli tudes of t h e  d i u r n a l  curves  f o r  t h e  

two i n d i v i d u a l  months (which a r e  not  shown) ; t h a t  i s ,  t h e  d i f f e r e n c e  i n  t h e  

d i u r n a l  v a r i a t i o n  between the  modes of flow exceeds the  d i u r n a l  v a r i a t i o n  

i n  e i t h e r  mode. The S mode had about  40 percent  l a r g e r  range than the  N mode, 

I n t e r p r e t a t i o n s  of t hese  r e s u l t s  should have cognizance of t h e  tendency 

i n  weak flow f o r  winds t o  r e v e r s e  i n  d i r e c t i o n  under t h e  e f f e c t  of d i u r n a l  

v a r i a t i o n  of t he  temperature f i e l d ,  wi th  subsequent i n c r e a s e  of wind speed 

a t  t h e  t imes of day when under t h e  same phys fca l  c o n t r o l  t h e  s t ronge r  winds 

of o the r  days which do n o t  r e v e r s e  d i r e c t i o n  a r e  decreas ing  i n  speed. The 

e f f e c t  of d i u r n a l  r e v e r s a l  of wind d i r e c t i o n  i s  t o  enhance wind speeds a t  

those  times of day when non-reversing winds would have minimum speed, near  

s u n r i s e  and some hours  be fo re  i n  t h e  gene ra l  SSW flow, and near sunse t  and 

some hours be fo re  i n  t h e  generalNNE flow. The sense  of c o r r e c t i o n s  implied 



f o r  F igu re  4 is  t o  r a i s e  curve S i n  t he  pre-sunr i se  per iod and t o  r a i s e  

curve  N i n  t h e  pre-sunset  per iod;  thereby curve D i s  lowered i n  t h a t  morning 

period and r a i s e d  i n  t h e  a f te rnoon pe r iod ,  and s i m i l a r l y  f o r  curve H.  With- 

ou t  such cons ide ra t ion  t h e  use  of speed d i s t r i b u t i o n s  a l o n e  tends  t o  obscure 

and even negate  some of t h e  r e a l  wind v a r i a t i o n s  d i u r n a l l y .  I n  t h i s  eon- 

nec t ion  i t  i s  worth r epea t ing  t h a r a  sl-gft of wind from south  5 mph i n t o  

n o r t h  5 mph makes no d f f f e r e n c e  i n  t h e  v e n t i l a t i o n  r a t e  a t  a  p o i n t  nor i n  

t h e  w h i r l  of t h e  anemometer, b u t  i t  is  a  d i f f e r e n c e  of 10 mph i n  drag  on 

t h e  s u r f a c e  and i n  t h e  displacement of the  a i r  and subs tances  w i t h i n  i t .  

I n  t h e  manner t h a t  s easona l ly  t h e  coo l  con t inen t  and warm ocean favor  

NNE winds near  t h e  A t l a n t i c  c o a s t ,  and warm con t inen t  and coo l  ocean favor  

SSW winds, t h e  l a r g e r  d i u r n a l  v a r i a t i o n s  of temperature over land  than  over 

ocean produce d i u r n a l  v a r i a t i o n s  i n  t he  mass and p re s su re  d i s t r i b u t i o n  of 

t h e  lower atmosphere,  and t h e r e f o r e  a l s o  i n  t h e  wind which i s  d r i v e n  by 

t h e  p re s su re  d i s t r i b u t i o n .  For a  given p r e s s u r e  p a t t e r n  above t h e  atmos- 

phe r i c  l a y e r  of d i u r n a l  temperature change, h e a t i n g  t h e  land i n  e f f e c t  

c o n t r i b u t e s  t h e r e  t o  p r e s s u r e  f a l l  a t  t h e  s u r f a c e  and t o  a i r  motion from 

SSW, wh i l e  cool ing  t h e  land c o n t r i b u t e s  t h e r e  t o  p re s su re  r i s e  a t  t h e  s u r f a c e  

and t o  a i r  motion from NNE. The r i s e  i n  t e r r a i n  from sea l e v e l  a t  t h e  c o a s t  

t o  a few thousand f e e t  w i t h i n  250 mi l e s  in land  enhances i n  both eases  t h e  

low l e v e l  r e d i s t r i b u t i o n  of mass and p re s su re  i n  response t o  t h e  d i u r n a l  

temperature v a r i a t i o n .  Through f avorab le  sky cond i t i ons ,  l a r g e  d i u r n a l  

temperature changes over land a r e  s u f f i c i e n t  even t o  r e v e r s e  weak p r e s s u r e  

p a t t e r n s  near  t h e  s u r f a c e ,  and thus  a l s o  t h e  wind d i r e c t i o n s ,  from day t o  

n igh t .  (There a r e  compensating and o the r  r e l a t e d  d i u r n a l  v a r i a t i o n s  t ak ing  

p l ace  i n  t h e  upper p a r t  of t h e  boundary l a y e r ,  l ending  t h e  e a r l y  morning 



"low l e v e l  j e t 1 '  over l and ,  and o the r  weather phenomena, b u t  those  a r e  

beyond the  p r e s e n t  scope. ) 

With flow from SSW t h e  daytime r i s e  i n  temperature of t h e  land 

e f f e c t i v e l y  i n c r e a s e s  t h e  wind speed aver  land and ad jacen t  s e a ,  i n  

a d d i t i o n  t o  its i nc reas ing  t h e  s u r f a c e  wind over land through convect ive  

mixing of momentum. The cool ing  of l and  a t  n i g h t  reduces t h e  p re s su re  

g r a d i e n t s  and t h e r e f o r e  t h e  winds a l s o ,  over land and c o a s t a l  s e a ,  and t h e  

s t r a t i f i c a t i o n  of a i r  over t h e  cool  land  s u r f a c e  s e r v e s  t h e r e  t o  f u r t h e r  

subdue t h e  s u r f a c e  winds. These l a r g e  d i u r n a l  e f f e c t s  on SSW winds a r e  

v e r i f i e d  by t h e  preceding d a t a .  With NNE winds, however, t h e  d i u r n a l  

p a t t e r n  i s  r eve r sed .  Daytime h e a t i n g  of t he  land  reduces the  p r e s s u r e  

d i f f e r e n c e  from l and  t o  s e a ,  and noc tu rna l  cool ing  of t he  land augments 

i t ,  wi th  g r e a t e s t  d r i v e  appl ied  t o  t he  wind i n  t h e  coo l  of e a r l y  morning 

and l e a s t  i n  t h e  w a r m  p a r t  of t h e  day. This  is more o r  l e s s  off  s e t  over 

land by the  d i u r n a l  cyc l e  i n  v e r t i c a l  exchange of momentum, bu t  t h e  r e s u l t  

remains t h a t  over land NNE winds diminish l e s s  overn ight  than  do SSW winds, 

and where d i u r n a l  v a r i a t i o n s  i n  v e r t i c a l  mixing a r e  sma l l  (such a s  a t  

Ha t t e r a s )  t h e  winds may ga in  speed through t h e  n i g h t .  The e f f e c t s  a r e  

most pronounced when t h e  c o n t r o l l i n g  d i u r n a l  v a r i a t i o n  of temperature over 

land is  g r e a t e s t ,  under d r y  atmosphere. Cloudy cond i t i ons  minimize those  

d i f  f e r ences .  

I n  F igure  3 t he  r a p i d  drop t o  t h e  curves i n  t he  two t o  t h r e e  hours  

fol lowing s u n r i s e  i s  t h e  i n c r e a s e  i n  s u r f a c e  winds through convect ive 

mixing forming a couple w i th  the  faster-moving a i r  above and rhe inc reas ing  

depth of t h a t  mixing a s  s u r f a c e  temperature r i s e s .  The f u l l  near  sunse t  

i s  t h e  v i r t u a l l y  d iscont inuous  uncouplfng of t h e  s u r f a c e  a i r  through 



diminished convection and onse t  of s t r a t i f i c a t i o n .  The s u r f a c e  a i r  i s  

now unhitched and abandoned by th,e a i r  above, so t o  speak, and r e a d j u s t s  

its motion i n  accord wi th  t h e  p re s su re  d i s t r i b u t i o n  a t  i t s  l e v e l  and 

i n c r e a s i n g l y  independent of d i s t r i b u t i o n s  above, The immediate e f f e c t  i s  

r a p i d  l o s s  of wind a t  t h e  su r f ace .  Then i n  t h e  readjustment  t h e  l o c a l  

p re s su re  f o r c e  may t ake  command and a c t u a l l y  i nc rease  t h e  a i r  motion f o r  

a s h o r t  wh i l e  from a changed d i r e c t i o n .  What happens i n  t h e  course of t he  

n i g h t  is  a ma t t e r  of f r i c t i o n a l  drag by t h e  s u r f a c e  and the  inc reased  

s t r a t i f i c a t i o n  of t h e  a i r  above subduing wind near  t h e  s u r f a c e ,  and of 

t h e  p a r t i c u l a r  t r a n s i t i o n s  i n  t h e  h o r i z o n t a l  p a t t e r n  of p re s su re  which 

a r e  tak ing  p l a c e  overn ight .  Because t h e  f o c a l  p re s su re  g r a d i e n t  provides  

t h e  s o l e  d r i v i n g  f o r c e  f o r  wind speed i n  s t r a t i f i e d  cond i t i ons ,  and 

f r i c t i o n a l  drag  t h e  r e t a r d i n g  f o r c e ,  t he  wind is s e n s i t i v e  t o  t h e  broad 

and the  l o c a l  developments i n  t h e  p r e s s u r e  p a t t e r n ,  whi ch over t h e  cou r se  

of t h e  n i g h t  may b e  inc reas ing  o r  decreas ing  o r  merely tu rn ing .  

With SSW f low t h e  d i u r n a l  i nc rease  of p re s su re  g r a d i e n t  through 

daytime h e a t i n g  of t he  land i s  evidenced by t h e  i n c r e a s e  of winds from 

l a t e  forenoon through midafternoon i n  A p r i l  and J u l y  a t  Raleigh and 

neighboring s t a t 5  ons i n  Table 5. Pn NNE flow t h e  daytime temperature r i  s e  

over land reduces  t h e  p re s su re  g r a d i e n t ,  whi ch c o n t r i b u t e s  t o  t h e  i n d i c a t e d  

decreases  of wind from noon t o  midafternoon,  With t h e s e  p r i n c i p l e s  i n  

mind, exp lana t ions  f o r  t h e  app rec i ab le  and p e c u l i a r  d i u r n a l  wind p a t t e r n s  

a t  H a t t e r a s  a r e  f a c i l i t a t e d ,  and a l s o  a r e  those  a t  o the r  l o c a t i o n s  e a s t  of 

t h e  Appalachians.  



REFERENCES 

U.  S. Weather Bureau (now National  Weather Se rv ice ) ,  1963: Decennial 
Census of United S t a t e s  Climate--Summary of Hourly Observations, 
1951-1960, Climatography of the  United S t a t e s  No. 82,  Department 
of Commerce, Washington. 

, 1956: Summary of Hourly Observations (Ashevi l le ,  
North Carol ina) ,  Climatography of t h e  United S t a t e s  No. 30-31, 
Department of Commerce, Washington. 

, (monthly): Local Climatological  Data,  Cape 
H a t t e r a s ,  North Carol ina ,  Department of Commerce, Washington. 

Carney, C .  B . ,  andHardy ,  A. V. ,  1964: Weather and Climate i n N o r t h  
Carol ina ,  B u l l e t i n  396 ( r e p r i n t ) ,  Agtic.  Exp. S t a t i o n ,  North 
Carol ina S t a t e  Univers i ty ,  Raleigh.  




